WO 2005/ 038660 PCT/ US2004/ 034475 METHOD AND APPARATUS FOR SENDI NG DATA FROM
MULTI PLE SOURCES OVER A COMMUNI CATI ONS BUS Technical Field 5 The invention
rel ates generally to assenbling and sending data on a packet-based

conmuni cati o nore particularly, to assenbling d(%@u frommultiple
sources to J‘&S’?ﬁ%’"ﬁﬁ%@nto be sent on a common conmuni cati% 82891420.3447°

Background 10 A typical conputer system 100, such as that illustrated in
Figure 1, Cincludes a processor 102, a nenory controller 104, and main
menory storage 106. Main nenory storage 106 includes one or nore nenory
chips, such as DMERHOIRANMDAPRAFSSEUSEDR FENDRAG) D AWAPER OV MUHEIPEBr t he

processor 102 to obtain da i , the processor
102 sends a data request t%ﬁlﬁée%ngﬁﬁlﬁmq‘%ﬁl%&gﬁ comuni cati ons
bus 108. Menory controller 104 processes and reformats the request, and

sends one or nore reformatted request nessages.to main nmenory storage 106
over amain nenory storage bus 110. M & 18t orage 106 then returns the

requested datasto marrmﬁye ﬁg&{t{oglrélg@sdé%;&a@l\r@é ag %ﬁ%% &d@@ﬂ@ﬁ%S%Qtoﬁtéaor age bus

110. After receiving the requeste no roller n sends
the data to processdet-13&1 @renuiibdiodabes, ehmomipeaicdubnly, towssebfi8ingidafhe

i nfornati on and d%ta asliolci ated wwth a particul aé reg}ues_t is often, referred
to as a "transact FOR. MURPICSPYEES 10 propate PG i DEEREQD 4 (RFNER FFBRNICAi%essi ng

mul tiple transactb@ns sinultaneously. This can result.in a situation 25
where data fromnultiple sources (e.g., nmultiple DRAMs within main nmenory
storage 106) are sinultaneously avail ab/Backgomsl r et urned from main menory

storage 106 tQ,the Memprayeaublalbelukiopy sl LB B phREQ! age bus

110.QMen thi s occurs, nory contr performns an ar ation process
t o determ ne whi cinchdey £prot@sg. L02whineimoBRANrodr| 104 ed g dm trechoay stemge t 0 t he

30 mai n nenory St%ﬂﬁ bus 110. 1 V\g éOO /038660 PCT/ US2004/,034475 Once
access is granted, AR SOFged 08 IEaHeH PR QTR BTy chips, such as

Dynamic Random Access Memory (DRAM) chips.
In order for the processor 102 to obtain data from main memory storage
15 106, the processor 102 sends a data request to the memory controller 104 over a
conmnunications bus 108, Memory controller 104 processes and reformats the
request, and sends one or more reformatted request messages to main merory
storage 106 over a main memory storage bus 110. Main memory storage 106
~ then returns the requested data to memory controller 104 over the main memory
20  storage bus 110. After receiving the requested data, memory controller 104 then
sends the data to processor 102 over the data communications bus 108.

(Z The information and data associated with a particular request is often
referred to as a “tramsaction.” 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.



associated wth a transaction on the main nmenory storage bus 110 for one or
nore bus clock cycl es, depending on the size of the transaction and the
width of the main nmenory storage bus 110 (e.g., the nunber of parallel
bits). For 5 | if a transaction includes 52 data bits, and the bus
width is 32 Bﬁp?@gpﬁgabclock cycl es woul d be necessary to PYHREPEYOHE dat a
on the bus 110. Assuming, for sinplicity, that no header information is

i ncluded, the first 32 bits could be transferred during a first clock
cycle, and the last 20 bits could be transferred during a second clock
cycle. 10 The above eXa#f§lagcqsk !Sﬂmt%@@nmampryoﬂmwﬂglqﬁﬂgaqea&e daf2ock cycle in

which a transactjon i I: o i ry storage
us 110, the  bus 1051 {or e Rt et EEERer P r PRyt R,

exanpl e, only 20 mbretthe cldgk cyolel Hedehéinpioh sheaize dfithel tethsabiioh agd theeviddadnd
Choraos bue’ 110 P Reiongih SRl el bS Mot SRl biknener ooy
upon the conpletighmgle, iMardbARSAGICHRIRs 53 BAS Bitsl 2nd Mletbiis Wolth & Bevilseflo enpty,
and the data for the next transaction would start on the next clock cycle.

The exanpl e il | ustedrcsiop wanldhegecesalie te fanser éba data emthe hus b rAssombigy

st orage bus 110, L:NG Rk i - g Lt lnshpcreased
20 system | at encyﬁgﬁgﬁ%}gﬂ’g@%géElgédﬁgwnﬂgﬁﬁﬁ&}kgg%ﬁ%%ggﬁg,%Ié\}%gﬁ 1ttg‘F éélﬁ%lggded are
met hods and appartainsfeesd tiatg afirsecletlf twienid the ss2Mbiltwcotht e timefamdl tiple J
sources for transm ssion on bus. Summary In one enbodi nent, an el ectronic
system i ncl udes a%’lng@ég%fi,c RKiC¥HE25 generat es and sends one or nore memory
access requesis, and NMileldoBlEo BRI MustfRA A Sturih %ﬁﬁ%ﬁ‘&g&kr&?&g? nRhG
oper@. vely coupl ed together through a conmunications bus, and they return
dat a“+equest ed i riranbastion’s dets isbeing remateryed ondhemsinmegueyswrag@dul 10§, thdre

mil (i pl & menory roddr EerHBek e BuSE T Al B o ot 2Rl € B

source data are asaildbadbies ark fillad 89i@d the eabebclodiecyele, aviag R bit empBNtth guous
lanes within a first section of a . data block to at |east sone of the first
2 WD 2005/ 038660 FHEFM{ 60,16 8p40rin megigry gogge hus URavid bergarded 19 anpBak

includes a sefs of ;oukid Bl EndiBRESRAR dp&PQAR cbBPRtion of the transaction, these 12

bits would be left empty, and the data for the next {ransaction would start on the

next clock cycle.
The example illustrates that gaps inherently exist on the main memory
storage bus 110, using prior art techniques. These gaps résult in increased
20 system latency and decreased bandwidth. Accordingly, what are needed are
methods and apparatuses that more efficiently assernble data from multiple
(j sources for transmission on a bus.
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 availeble. It also allocates one or more first

contiguous lanes within a first section of a data block to at least some of the first



i ncludes a set of configurable bits, and allocates one or nore second
contiguous lanes within a second section of the data block to at |east sone
of the second source data. The second section begins at a next |ane, which
IS conti guouSyw e first section, The nenory nodul e al so sends, over
t he connuni02?¥%%§m§ﬂ§9 and during a data bl ock transm ssiBr/BeR P75

| east a portion of the first source data within the first section of the
data bl ock, and at |east a portion of the second source data within the
second section of the data block. In a further enbodi nent, a menory nodul e
‘includes one or rierise damsher theglaprdesk inelides afselrofgngiipladencacal cedtiane and a
hub, operatively iﬁcﬁﬂ@és%%\?\;]& %Hﬁ Qﬁgb@& AP IRIDL Yo ShAE 3UR Y @!aﬁtfgu to a
communi cations bus over whi ch the  hub’ Ean Tecel Ve Jownstream data Irom one
or nore ot her hulisnes Bhthithabecogicetion ofike thiablotk tosdt l@eyote: dalicscand! second
source data are available The hub . also, all ocates one or nore firs

conti guous | anes Sth Afaallhg yeeencigeiqudiveiys a‘%FIEFé_f g5V HFILSICORRBURPS I st some
of the first %ourtﬁ@ﬁﬁaﬁe%tiomh?ﬁeemm&ydﬁécméomﬁéenmlebéfdﬁéc@mﬁ@ﬁcatfahsBw tiple

| anes, and each |l ane includes a set "of configurable bits, and allocates one
or nore second candidytes ditahlosk fiandmiissien proiodrd lassica pastionod! thé8rsdseuacebl ock to

2 next 1 ane, wnih v RS TAREER SO e SIRRPERORRE b3, ™

sends, over 20 thewecednmnithai ihesscond seoting ofihie dag biocddat a bl ock transm ssion
period, at |east a p%étion of the first source data within the first
section of the data bI'SeKItHgmRpdimeRts s MegopEIpdyR IsfudehanSUIBNE sour ce dat a
Wi thin the segond,&Gyis@Raddfuntd forddhine IRLORE, ada ful, BGHYGTPAHIERDihe @D
apparat us for assenbli rslg “hd sendi ng éata 25&1}l n%ﬁﬁdgg&%rré\éngp?%r recel vi ng

| ocab—tat a from one obmonpmempmEmiTyEsinds agktowrotmyunicnbiansbsarver whish theng
downst ream dat a qver o} nicatio s fromone Qqr re.d stream dat a
sources, and maaﬁlélg %@re%%VFn%W%&%g?e%?l%béjnoa Yo RS er{"llr%' Ie%ggl\fll\gdata and the
downstream dat a wistdmbes senfirsosricd dae MmArvasnd sRirtOdsa ateusailavhd, tTHedwb he
determ nati on incl ud‘@s al I ocati ng gne or, rmr? first, contiguous 30_ | anes
within a first s BEs WePaMLTHRBEROTEEUCME lmen ¥ithigidispfecionol alidt dat a,

where the datgy bl th BClld85maoSBE itk sdllidd dakl %hle&riﬁé?a@%c@ﬁfchﬂkfa@&g. .
includes a set 3 WD 2005/ 038660 PCT/US2004/ 034475 of configurable bits,

and al | ocat i ng 'oré novtipie tanes; end pathdanstinajudss s sétaxf esnfigurdtilmbits, and allocates

one or more second contiguous lanes within a second section of the data block to

at Jeast some of the second source data, where the second section begins at a
next lane, which is contiguous with the first section. The hub also sends, over
20 the communications bus and during a data block fransmission period, at least a

portion of the first source data within the first section of the data block, and at

O

least a portion of the second source data within the second section of the data
biock.
In a further embodiment, an apparatus for assembling and sehding data

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



second section of the data block to at |east sone of the downstream dat a,
where the first section and the second section are contiguous. In a farther
enbodi ment, an apparatus for sending data over a 5 communi cations bus

i ncl udes neangdf Qbsd38kel ving first source data froma firs QUL ce,
means for receiving second source data froma second data fé%'ﬂﬂ@é’?“‘%gﬁra means
for sending.the first source data and the second source data over the
comuni cations bus. Sending the first source data and the second source data
includes sending the first source data over the conmmunications bus, .
identifying a 10 fiouisnrdskEbicht aleehps pRaIImREC B50Rh cabiguars lapms witin g
source data, sendipghd AioSAIRNMLE BILER A& BitRlor bkl Gak | Ofse bus
contiguously with the end of the first source data, and 1dentifying a
second br eakpoi nt the dirat espiondndthetsecond seaiod afeoptignosiecond source data. In a

further enbodi nent, a et for _sending data on_a co ni cations 15 bus

i ncl udes arrangi ng a fqlﬁsgﬁgg%refrib(?ﬁu%@l"ﬁglag ar%%"h&ﬁ@“@ﬂ%?‘%?ﬁﬁ a data bl ock
structure durifng erihirEtatiPhObRSIHEINGesRdanO thr rétbRigy AlSsodRbaahl Rk aFhdtuct ure
includes a fixed_ nunber of contiguous, configurable bits, and sending the
first portion of S¥h¥uFqe; BEarsygr wecidag seove poredatnbionm i sserndalat souLce, The
met hod further inglyydes. qa | I i i i source
data within a fi rési{Cl sec% F‘%ﬁé%}ﬂ%@gﬂ%s at a&g"fe{l)nc?ﬁﬁé%ércggq glgéégflﬁég‘ééghesecond
processi ng peri odsonnheriertivhebds. rehdiag teifost sonme Hatd esd tefseeomt] sewte dita
contiguous bits, arranging a.first portion. of second .sourc data . within a
second section of mflﬁaes%g?‘gn%%c{lgsgf’%ﬁ%flﬁfQV‘?f&l?Ei AR AL ! B@@‘%ﬁ ng
period, where4 _heﬁ@@&@moﬁ@@bﬂr&@omggmweg&lepﬁe\ﬂrgt RodrBeddth rsshaiggadel on, and
t he gecond section includes a second set of contiguous bits, and sending the

25 renai nder por t §eeprdgburch dafaover the eerpeanigetions Antccieuqushsvithdretané el of t he
second source d : | I H%g erm ni ng
that first sour cgalgglés'ltt 30@%%5‘%%%%%& g@%ﬁ-}(lgfeﬁe %g?ngaoe{%%%g@gﬂr%%{]e, @ea%l | ocati ng

one or nore firstendaditie sgomdssohmeeatawi thin a first section of a data bl ock
to at least sone of the fjrst 30 source data,. where the data bl ock jincludes
a set of multiple |ane$? %ﬁ%@&%ﬁaﬁfﬁ a‘?%ﬁfﬂ‘é@“ﬁ“@éﬁtaﬁp TEHPYUFABPE bits.
The net hod fuii hepysiinohdtd @sandih®s &t PaHiON6F fidt A 2ER/WPiBRR & Qata block

PCT/ US2004/ 034475 or nore second contiguous |anes within a second section
of the data bl ockstrugtuzg during a first processing period, where the data block structure includes

a fixed number of contiguous, configurable bits, and sending the first portion of
the first source data over the communications bus, The method further inclndes
arranging a remainder portion of the first source data within a first section of the

20  data block structure during a second processing period, where the first section
includes a first set of contignous bits, arranging a first portion of second source

O data within a second section of the data block sfructure during the second

processing period, where the second section is contiguous with the first section,
and the second section includes a second set of contignous bits, and sending the

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



| east some of the second source data, where the second section begins at a

next | ane,

which is contiguous with the first section, and sending, over a

comuni cations bus and during a data bl ock transm ssion period, at least a 5
portion of thgofiishsgpurce data within the first section é@%@ ta_bl ock,
~ i g

and at

| east a portion of the second source data within t

ction

of the data block. In a further enbodi nent, a nethod includes arranging
first source data froma first source within a first section of a data
bl ock structure, where the data to block structure includes a fixed nunber
of contiguous, cofifiRggredsrd cpptisgousigaesdatian ahechichsochen gibtha dpladdackse ptuct ur e

'i's periodically sgnt s@ﬂ% ?Ptrﬂe @ec%gﬁrgar{m:eccﬁttei QSre, tRE'Scort ot J L LBE

includes determ ning

second source data froma secon ource 1s

avai | abl e to be skng wivéristteignomnwith tatfirdrsctioussndamdling, eqaest i Nng access to
t he conmuni cations bus .to. send t second urce data. 15 The nethod further
i ncl udes recei vi n‘goﬂaﬂm?l??fﬂ)%‘}e%@fs Hgfm%ﬁag?g%c{‘ﬁﬁwmﬁﬁéom s BileSk® st r uct ur e,

at |east a porgi
| east a portion

8%%1'%11 bihBe 58S MEcSOM HRhid MR SNeM h JTehPIALBRck, aal hangi ng at

the second source data within the data bl ock structure

accordi ng to the lerdip@artion ! thegseandsayres datawithisdbe segopbiactionobthe dife second
source data occuplyl'bﬁg a second section of the data block that is contiguous
the

with 20 an end of

first section, and sending the first source data and

at least a portion ofntafertseeobddsicut, eenaaidanduds atrhesing irg aduged davns bus

during a data blogck transm ssion riod.,
i ncl udes arranginé

whes e $106 dakirdinthlest fixkidih®er &ohfGlons @enfibitasle BUEhga of

configurable bits. The nethod further includés receiving a

structure,
cont i'guous,

In a fyrther enbodiment, .a nethod
orpia gt SQURGE o St R0 OF iofs gk Swetre Fsre %@ d&fa bl ock

request to send s&swowihindhe dia datlstowtire ishperiedeatiymentzuut ons colpawpicatenst i f yi ng
a location of a breakRelnln ot e sld( Bl (SOHNSEe Al S ANt ALI BRSLAG , At | east
( a W |na‘s%co%E 02'11 B

a portion of the Secon

2
source da sectl on e data

bl ock structure ajet@id dohehy Bakade idbe sshiesver theeoaamaiai@eGus,andi S conti guous
wth 30 an end of the first section. The nethod further includes sending the

first source

5 VIEBOH53 eP38560 eCPrOBPesipsIng iisseng Sescosond setroedast a

portion of thes _5e?l%ﬁetﬁ@%ﬁ&ﬁeﬂiﬁ&lﬁd@s‘&%&eﬁiﬂfa&&ﬁ!&'ﬁﬂrpﬁf&% withiSiaing @ data

bl ock transm ssi

20

25

30

on peri od.
block structure, at least a portion of the second source data should be placed,

arranging at least a portion of the second source data within the data block
structure according to the indication, resulting in at least a portion of the second
source data occupying a second section of the data block that is contiguous with
an end of the first section, and sending the first source data and at least a portion
of the second source data over the communications bus during a data block
transmission period.

In a firther embodiment, a method includes arranging first source data
within a first section of a data block siructore, where the data block structure
includes fixed number of contignous, 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

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

th



Brief Description of the Drawings Figure 1 illustrates a sinplified bl ock
di agram of a conputer system in 5 accordance with the prior art; , Figure
2 illustrates a sinplified block diagramof a conmputer system in
accordance Wyldyngdysgggpodi nent of the invention; Figure 3 %Hﬁ{o&%ﬁﬁsa
sinplified block diagramof a nenory nodule, in accordancée w an
enbodi nent of the invention; 10 Figure 4 illustrates a sinplified block
~diagram of a hub, in accordance G wth an enbodi nent of the invention;
~Figure 5 illustrates an exanpl e, of tim di agram in accordance with an
| enbodi ment  of thﬁaﬁaﬁvgﬁw%ﬁpmwé% SEPTaPTIEE Bate 5V4 R ENARPOIBRIRS et hod
for requesting agGeggided: dahehlodidrRidmissidh RAGYr dance wi th an enbodi ment of
the invention;, Figure 7 illustrates a flowhart of a method for granting
access to the bus, in accordangrisiiDes n ol g Prawing
Figure 8 illustrates an el ronic syst. i ccordance with one .
enbodi nent of the invg}%ufeo ﬁfu%ﬁf%as%ﬁphﬁ%ﬁo’?%o@% &Pﬁéméﬁﬁ&a{nﬁﬁﬁf At he
fol l ow ng deseri ptdoadunot witheheprh@ditents, reference is made to the
acconpanyi ng draw ngs,  which forma part hereof and show, by way of 2
illustration, specifi Figpyp luseiese SIPHHFE HOsMda gyl BiCoRPHEY S5 Thikct i ced.
These enbodi nent %cc%?@an@@%ﬁiaﬁ%ﬁbb&rp%ﬂféﬂtﬁé ﬁ&@%mﬁﬁ? ail to enable those skilled
and 1t

in 25 the art to practice t i

e 1 nventl on, is to be understood that
ot her enbodi nent s may Flgaraid illustzael a aomglifiedblogh degsm o tneodramiadale, thanges

may be nmade, without departing,fr.om scope. of the invention. It wll be
recogni zed that a?%’ééar?ﬁ? ﬁgégng%b?é*gle é%%@vgrﬁﬁ’l}di ments can be combined in
practice, eitiper conpiireniluyirOés 4 SmpUESESSLIOMagrYRAIJfQhEb A8 grddocens and
conbi-nations will be 30 readllf\;‘ﬁapparent to those skilled in the art. 6 WO

2005038660 PCT/ Ushgosnindinmst ofthe 1ygriigfus enbodi ments of the invention,
described in detall hﬁ{ﬁ%%é;s iRk AR 2HRUEE aliBLACHPRBARRRR USes

for assenbling and se
an embodiment of the invention;

Figure 6 illusirates a flowchart of a method for requesting access to the
15  bus, in accordance with an embodiment of the invention;
Figure 7 illustrates a flowchart of a method for granting access to the bus,
in accordance with an embodiment of the invention; and
Figure 8 illustrates an electronic system, in accordance with one
embodiment of the invention.

20 Description of the Embodiments

In the following description of the embodiments, reference is made to the
C) 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
25  the art to practice the invention, and it is to be understood that otﬁer

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

30  readily apparent to those skilled in the art.



data. The enbodi nents of the invention have several signifi‘cant advant ages
over prior art nethods. Specifically, the enbodi nents of the invention
provide 5 decreased systemlatency and increased bandw dth, when inplenented
ina memry §yshemsii,which data fromnultiple sources need to be returned

to one or nore reques ers. Figure 2 illustrates a sinpli f?%HUWIO?)‘cq?4ﬁragr am
of a conputer system 200, in accordance with an enbodi nent of the-
invention. In one enbodi ment, system i o 200 includes one or nore

processors 202, a link control I er 206, and one ,or nore nenory nodul es
208-211. For ease of d@h@?@ﬁmwOmbmbmﬂwsaf®®NQWQﬂ%%d@@gb@1ﬂgﬁwmlbwmmI|nk
controller 206 ar r ocessors
202 and/or link cgl roI ef@ﬁgggﬁcodﬂ€§%¥f§ F?&§¥§&S S a&a¥?d8 arly,

al t hough four nemasty ThasahesliRe®s 3ithe aventidn haSé sa’eﬁdmgmﬁcancaﬁvixmﬁs 15
menory nodul es al so coul d exi st Wthgi%a@és ystem_ |1 n one enbodi nent, each

memory modul e 2089 PripEait Bistods #hec oo W&%‘?fé@’em‘@%ﬁ‘%@”ﬁ‘h

i nsertabl e pri ot edegdatbdildsrchORl 04Dk bAAGE B SimpBAh Lk i€ aTET! Y
nodul es coul d be I%cé‘t ed %ﬁ a Selgf’}l %ﬂea sur bstrate, &gnd or 5)ort| ons gf t he
menory nodul es comenllonessd‘iestmwﬂucke@htaﬁ’omssulmwsmptas 126d Buipsenated$o ol nenor y
nodul e, in accordance wi.th an enbodi nent of the invention, wll be
described in nor eVdetE TYEFE: in conjunction with Figure 3. Fromtinme to

tinme, processor 202 gepRguatEisuandessandslifatiastdsadan 088 easputbosyseomat i on
stored within one or nore of nmenory nodul es 208-211. These "nenory access

requests” incl ude!yaERIEERE g @W@dﬂﬁﬁn&o’@\ﬁh? HIVELE g R pRABRDPEECNp E/StN8 - 211
as vell as reqpespg 159111&95151{@ %10‘??%1%0535&@@?%8&){(:% gso@%ﬁa%ﬁelonﬁ&%' des

processor 202, one or nore ot guesters e present wthin the
syst em'200, in oneeewhosibdeed 20870 . éhaegsk ef ddshéptimsorym 2D@legputedsdr 262 ude

one or nore other process e rts, ters ther entities
which are capabl &f Cé)&ﬁ%@%fﬁ:‘?g d‘h‘é\ﬁr %d(?%@%‘fss%g%&)%“ﬁﬁ’%ﬁ%u 8 or nore

ot her 30 requesteg c#90rs 202 ah @bEIkeSntrQIREL R RduRSexist QIURSS syRfehfi nators. ™ 11
7 WO 2005/ 038660 PCT/ US2004/ 034475 Each access request is’initially

processed by |i nkSewhtlyorlihopelr o memioshmedwles 208<2 1 laee @@8&@1 nEgeesieyer r om
the request origi Ral ars 38 fes A% conlPlxid AR Leystem.

In one embodiment, each memory module 208-211 is located on a

! separate substrate, such as an insertable printed circuit board. In other
| embodiments, multiple memory modules could be located on a single substrate,

and/or portions of the memory modules could be distributed across multiple

20 substrates. A memory module, in accordance with an embodiment of the

} invention, will be described in more detail later in conjunction with Figure 3.

i C From time to time, processor 202 generates and sends requests for access

‘ to information stored within one or more of memory modules 208-211, These
“memory access requests” include requests to store data within memory modules

25 208-211, as well as requests to refrieve 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, inte;‘faces, 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.”



but not by way of limtation, link controller 206 could be a North Bridge or
sone other type of processing elenent. Based on the content of the request,
link 5 controller 206 generates and sends one or nore "nenbry access
commands” to wanmeHisségere of the menory nodul es 208- 211 OVEETBs2004/034475
communi cations bus 220, referred to herein as the "link bus. If a nenory
access request asks for data to be retrieved (as opposed to stored), the
menory nodul es 208-211 return the requested data to the link controller 206

over the link bus 220, _and the link ..o, controll 6 routes e.requested,
data back to the reque??cbgrcf’%ﬁsﬁ%&uﬁ?t1%6@;3?5@?80655@{;31’ﬁgliyﬁ%n ﬁ?ﬁ’b 42@11?10% menory
modul es 208- 211 akQcRREIHRl:LE! XqRQMPhaA thelragRbtRTginkics DOLE 208 NFohyiem@R) in 2
"tunnel ed" or "dai sy-chained" configuration. Inthis configuration, [ink
control | er 206 i s bbby ot udtabee dink pentiollan2deesuls terp Nexth Brigge orswpicy:
nmodul e 208. Accor i, LIS i :

i nterconnects i n%tﬁég Pgﬁ%?és%g%genﬁgnﬁﬁ%as 4?%{%%#%%&%&%%%%% * The first
menory nodul e 208 conirolien2f gansratantaad eoidn end @dnow Emembey doceds chnsnantit™hoa

second nenory nodul e 209. Thus, a second rt. 224 of the.li.nk bu 20
Thterconnect s 1 PLYSHERSES RIMMEY SR G2 LB o d BT HBRNS 2300, and
so on. In one enb%%br@&%,heﬁeﬂﬁaslth@kﬁﬁms.’a‘ZﬁaIn%nﬂarggec@kd ﬁguégﬂés-ks FQrdatiapl e,

but 20 not by vva}t/)of'limtatlon, the |link bus 220 is 32-bits wide. In other
enbodi nents,  t he bereitevsd $asappossdup atorsd) wheomemey medulesRdB-2haehaghei ts, or

it could be a seriglcbus., I ko 0B lOWISLLGATL gL HPSLLARTT || e

used t hroughout a enal n escrrption. ottom nmenory nodul e

211 exists at whe caSrdlier Lovestites chansiucsadisn taddito therelioskorinisat@202, 20 t he
i nk/Cantrol |l er 206 exists at the furthest upstreamend of the |ink bus
220. “Accordingly, dat alfeRf SRR BFmoy fpdu S%@%ﬁﬂ/”ﬁﬁﬂﬂ%"%@&%‘m}@s from

the direction of tleukpsh HEr o720 £ bkl or SOASLARIRS Lanardiggel ved

froma downstream direction. In contrast, data and informationl that a
Imenory nodul e r ecéi thescohfigwratidns ligk cenftdllen2(sfis intercoingktcd Overdimg ki busrwitt06 i s

eons! dered to be kSTl I ARHDAFGERES) £ B bR PRI 5 vo
12005/ 038660 PGF/ US261Qdr2314 4ivb contrmer Y06ad yhefirdlidemandns®i®ROs. mMididress 210 and

1211 are considered to be _downstreamfrom rrermra/ nodul e 209, .and nenpry
‘nmodul es 209- 211 afiemory module 208, in turn, is interconnected over the link bus with a second

memory module 209. Thus, a second part 224 of the link bus 220 interconnects
first memory module 208 and a second memory module 209, and so on.
In one embodiment, the link bus 220 is a parallel bus, For example, but
20  mnot by way of limitation, the link bus 220 is 32-bits wide. In other embodiments,

‘ the link bus 220 could be wider or narrower than 32 bits, or it could be a serial

' C bus,

‘ 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 terms “downstream” and “upstream” will be used throughout a

the furthest upstream end of the link bus 220. Accordingly, data and information
that 2 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 2 memory module receives from the direction of the link

20 controller 206 is considered to be received from an upstream direction. Using

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



considered to be downstream from nmenory nodul e 208. Each nenory nodul e
208-210 (except for the I owest nenory nodule 5 211) provides a tunnel ed
connection to any downstream nmenory nodul e. When desired, additional nenory
modul es (not  ghpymdossqy! d be added downstream fronlnennry nodul e

addi tional menory nDduIes could be inserted at any other Bﬁ$¢ﬁﬂ$ﬂ“¥ﬁé
tunnel (e.g., between or above one or nore existing nenory nodules). 10 In
one enbodinent each nenory nodul e 208-210 passes each received, nenory
access command to its next downstream nenory nodul e, regardl ess of the

command dest i nat i wamry.godule e, amhmemorygoedudest2d0 wd 2H arheorsodamedhid bes

addressed). In angt odi _nent nor asses a
recei ved, nenory %&"2 {rea n%%%rﬁ%n?lef‘qﬁd@ﬁoi@ms dx%g}?&glgfoéié?l oﬁé'on S';Il f it is
not 15 the dest|mmﬂa@dQj‘bddtevmmamndmxﬁﬂyoryymﬁut@fzoenf ormation received

froma downstreamdirectjon is referr herein as "downstream data, "

whi ch coul d incl ude daﬁaawemrséveéulﬁﬂﬁ ]Qrﬁﬁﬁﬁ?wforﬁ]éealﬂgﬁginé‘?moﬁtwu eprot ocol

i nformation, and ﬁrl?(pﬂwb%ﬁamﬁﬁgle@%nﬂem&ftg%ﬂr Qi Eah Yigeshdrl; HBaR1d apASL r eam
menory rmdule Sim y, the term?2 upstream data” is used herein to nmean
any type of inf or(imtrﬁxbﬁddle@f@ilm@dlofymndulcﬁ)@w@awnhtmu&bﬂ aided doemgimaind | ncl ude
Menory access co nds, data.to st.or.e headers nd 0]

i nformation. The %%@n%gmfhélF r%??c%taélﬁl%a’l HJ(S’FIOWS u%(ggﬁ’ F‘ﬁ?r?eelc?%onl y to
actual data that inyc#ie@p6idt Drthé Rinhdley gdbethBéSortBbTR mor@hc&@eﬁe@ﬁg to include
‘headers, other protocol information, commands, and other 25 types of
information. Fi gl}ﬁ@n@}ﬁm@@iﬁs} ates a sinplifi ed bl ock di agram of a nenory
nodul e 300, accor e
enmbodinent , egdelh nennqﬁeﬁﬁg %dhgﬂogﬂr%%gugegﬁlga‘%lﬁgbggwgﬁsg&éo%gh(gércglrrvg@e

menoiry’ st orage unintrsory30dess formbnd ﬁoritsmemmmbmoannmdmdegmﬂbss@f t he

‘i nventi on, vm'II b 30 descri bed. i nor.e detaijl t unctl n wth
Figure 4 I ERE B otk B lF ST mofifl Ewhenﬁﬁe%%ﬁ Hub 302
and menory St or ag@dtb@éeﬂ? ﬁa%o@i@ﬁerﬁiﬁbdhﬁ@rﬁtﬁdh ﬁﬂ%m@r)smﬂ&ll@z@&mi@ ﬁ@%@sa(e g., a
printed circuit board), which is rermvabl y connectable to the

conmuni cati ons bUESEiYed. BEMEFY a6 ¢PERad it the fowusrean dirgetion only if it is not
15 the destination of the comimand.

Any type of information received from a downstream direction is
referred to herein as “downstream data,” which could include data retrieved from
memory, headers and other protocol information, and any other type of
information received from a downstream memory module. Similarly, the term

20 “upstream data” is used herein to mean any type of information received from
upstream direction, and could include memory access commands, data to be
C stored, headers and other protocol 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, cormmands, and other
25  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

30 described in more detail later in conjunction with Figure 4.



or nore of the nmenory storage units 304 could be | ocated on separate
substrates, 5 and/or the substrates could be permanently connectable to the
bus. Either way, each hub 302 has a set of nenory storage units 304
associ at ed W # 2hés which it may access exclusively. Lnaly,. each,
menory nodul e SOdﬁgg%ﬁge considered a "data source." N@nnf@ﬁgéﬁpgg%xﬁnits
304 could be connected to hub 302 through a 10 common |ink (as shown),

t hrough point-to-point connections, through a daisy chain link, or in sone
other way. |In one enbodi nent, each nenpry storage unit 304 is a distinct
mermory conponent, sucHogge gmbydimente by aReRTy stepagsrupits BRIRpodevi ce, for
exanpl e. I n othery,enhodi ey ., St ar: s 4 . i de ot her
types of nenory SV|cégi?gﬁgé?mgﬁgﬁ(%ﬁT%9%§%§F§&¥%aﬁgg’?@ﬁﬁé%%”@ 1 EEPROM
etc.), flash nenoopnatabdd teehe oemooyicttippebls. In Atteh embddifnents, drBOR yind b age

units 304 are illustrat in Figure 3, nore or, fewer units 304 could be
i ncl uded on any n%',%quoﬁgﬁ@?@lﬁgéﬁfq%ﬁﬁm 4 RBId ks QG%??@OWP%Wéubmm&

appl i cati on- specidnldifyr ik L85 ARG G0 e peinSanek ¥ dadbotah 1Bt PME b DAMPRAY, | N
anot her enbodi ment, hub 302 includes one or ~ 20 nore general - purpose or
speci fi c- pur pose 99¢lbBEsE kkns alspinIIONEY ATATe caite304orseqciatebwith gt arelam | i nk bus
310 to upstream (Fig : r... i r..206. In
addition, if any @%%t@%ﬁﬂkeﬁgﬁ%&%&ﬁ%u‘?%cgrcé%ﬁlg’tefac}g %SE\O%?%glggmgrg(?llk%a %es over
t he downstream | iookisibersd 3 1@ath eoutkaathst ream nenory nodul es. Accordingly, hub

302 receives data from downstream 25 nor y. nodul es_on first part of the
‘bus (i.e., the downst gﬁ?ﬁ}’isza%mgﬂtéi%as?o‘ﬂ%h%%@ﬁﬁed@ah@ X5 EPEER Be 1 nk

3

controller 206 on,as&a apﬁ{owmz,fthfoa&paﬁmlepo%t,coﬁﬁia%ﬁoﬁsp%&f‘gmdak K bus

:310)¢ 1 n one enbodi ment, when hub 3027 receives a nmenory access co nd on
t he upstream | i nkchewdind]or, inlsobe 8h2r wey. r arosmiembodinent eavhememaony starage3 ot

downstream | i nk 312, ..and stores information regarding the command in a
,’cormand gueue (s?ﬁé‘? %ﬁlgﬁ?cq&e‘?}orﬁswogeﬂt; S%@?E?id%%nﬁcé?ﬂéﬁﬂ acﬁfﬁ?ﬁn@ﬁ?rgl so 10
WO 2005/ 038660 PGDRUIIDOL 344 Champie! B dthér@mbobiRhdiey, nicinor$stbhage g€igf303at i on
of the command. If so, hub 302 nmakes whatever accesses are necessary to the

\menory storage urfiopd iB@ﬂd%%@%‘GWé’éWFV dgvifss fefrptopd ARlYUIRENEBEE-Sand sends
the request ed; dat@oRNpREs UBSHERA G ), HasP HRmory or other memory types).

~ Although four memory storage units 304 are illustrated in Figure 3, more or

fewer units 304 could be included on any memory module 300.

Hub 302 includes one or more application-specific integrated circuits

(ASICs), in on¢ embodiment. In another embodiment, hub 302 includes one or
20 more general-purpose or specific-purpose processors. Hub 302 communicates

over the upstream link bus 310 to upstream memory modules 208 (Figure 2) or

to link controller 206. In addition, if any downstream memory modules exist,

O

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 conmmand

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 gueue (see element 412, Figure 4, described later). Hub 302 also

10




310. In addition, hub 302 receives data on the downstream |ink bus 312 from
5 downstream nenory nodul es (not shown), and hub 302 retransmts that data
on the upstreamlink bus 310. As the previous paragraph indicates, hub 302
recei ves dat awbrosdsssh east two sources: a) data fromtheP@pﬁgyonggﬁgage
units 304; and b) data from downstream nenory nodul es. Data retrieved by
hub 302 fromthe menory to storage units 304 associated with the hub 302 are
referred to herein as "local data." In contrast, data received by hub 302
fromone or nore vvnstre

are referred to H WF‘PGE\? ﬁknﬁgt[‘gggﬁﬁo‘?‘%ﬁl}f ?BAE}%%&W? E’Eﬁé%sméfegg; -

data” and "downstyRamedadsses Ho@BlesbRy (PAS HeHREy &BraBB aflid IMAlas@idlavediwt dat a
sources exist within the system 15 t%e terms are not nmeant to be so

limting. Data cohtmemorynadile 309.cnd eends dhe requebtesl gate ontliverpsgoam tisks byse. g
| tipl d h .
Puncti on pr ovi dect i thaGia THE SYa et i in R UE W %%%Q%i%éséifgh%p?Léa”t

downst r eam data, @Msﬁ@@@ﬂo@mﬁ@&l&?ﬂ t $hben) REY heRB0D fettinddu tBak@ata 020 I N
one enbodi nent, hub 302 recei ves the [ocal data and downstream data, and

'sends them on thé ebesﬁrﬁeaﬁm#. Mk3Hls 310 in a manner that efficiently uses
the resources avail abl gy WBreRxfb%sHB%Ex’a Raldaftk 1&‘6%0§ iveR 88th iiloGRlildhst t he
‘data is nerged and sent t hout “catsi ng significant gata gaps" on the bus,
‘where a "gap" i nebuydesennakbdase Tpmrthe hiemerysweragonmets 30Meandim Katgfmnni t hout

ivalid data, even ough valid wnst r.eam. or i,s avail able to be
‘returned. The way t“ﬂlg ea%?gpgmpgmg@@g@ a[t%ﬁ‘gaeveg hﬁ@@%?%@ﬁmﬁﬁe HEER, in

conj unction wid h gdieccamuedimesbsiatet! Withthe Ribe3D2i dic Fif@tuies héreth asFiqur € 4
illugtrates a Slgﬁtlfled functional bl ock diagramof a hub 400, in

accordance with aftaenboenisp: dat recrweq by bk 3@nTom auopemerslodingEMm  hub 10
400 1 ncl udes Var'ﬁ%ﬁox‘;y A LAR AR 1@4}?5&%1%%?&&.4#&%%&%& fs distinct

‘bl ocks in Figure e purposes 0 ration n vari ous
'errbodl ments, the ‘doWuafeameatd T IAINOuSOME AHRS Bl0alFEH" W Ofedri3B4ahi GataT 0gi C
‘el ements and har dwa ssoc ted with each f nctional e nt. coul d be
resident in a sing géetfsﬁ t&m%}ﬁé‘ﬂ L5V ?{?S‘?qﬁceﬁl‘fﬂshﬂ nik§ 8eDhd/ or

ot her 15 the terms are not meant to be so limiting. Data could originate from one or

multiple other sources (e.g., one or multiple downsiream memory modules or
other sources).
An important function provided by hub 302 is to receive both the local
| data and the downstream data, and i¢ provide both to the upstream link bus 310.
| 20 Inone embodiment, hub 302 receives the local data and downstream data, and
sends them oﬁ the upstream link bus 310 in & manner that efficiently uses the
C resources available on the upstream link bus 310. Specifically, the data is
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 iltustrates 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

| ' 11



di screte devices. Further, various aspects of the functional elenents
illustrated in Figure 4 could be inplenented in hardware, software or both.
5 Briefly, in one enbodi nent, hub 400 receives |ocal data and downstream
data, determ e data fromthe two sources will be et her,
and providesﬂ?ﬁggﬁ%@%ﬁd data to the upstream|ink bus 452?H$Hgﬁ€ﬂ%§??onal
conponents of hub 400 are briefly described in the next paragraph, in
accordance with one particul ar enbodi nent. O her enbodi ments and additi onal
10 details are included in the description that follows. Hub 400 includes a
| ocal data buff er logivelamentaanshardt e asroeiaied whibondy fungmal glmert carld bised as

nmeans to receive Qar.e.: : ; iLvely, if
inecessary. Hub 408"{%%6@})1%%%:4%%2%1@%%g?ﬁ(g?%llq}? Irwg@ﬁ%n :c})glig%%?cnse%ﬁiz&z@{fk
‘downstream ar bi t r distiete deoiges Frthas va2@ys agmdtsiaftierfusaionsleelandits fastraal 15
‘downst r eai dat & whi e @R Bri PR ERSCR DR EIenIO TGS B b 400 al S0

i ncl udes neanssfor a”BHQﬂ%Qﬂ bRC@hbRMh B nrh3D0 rERARS 1dcRr dod S RNDWAGtream

downstream output 432, and data assenbly neans 450, which function to
arrange the | ocal datdadctermings b tefodates frem dlm ket squices wilbbamerged lagethes endict ur e,

Ao azo. Tro da BbaE ATELE R hOEPuRRRbu D, PRS00, (e

dat a organi zed i nt@mpdrRnBaF aub PIOak HEENWEIstIRGiS Rkt RRadriih, upst ream | i nk
bus 452 in a contiguous manner. In addition, hub 400 i ncludes command queue
412, into which tREOHIBCSYEP 88¢ PIrigspmbogaub| Qipngnbestimes pidbaiditiomsl y
access comuands. : TG j now be described in nore
det ai.}, The dgt§a a%ﬁ%gc%egtﬁ;%g?g?%gg gﬁtcégﬁéde{?gtr@é%‘%o herein as a "data

bl ock”) includes a fixHdb 4blimbkiiend locarfataguiiabd ¥ dndtasiowintreane daaboiément .
For exanple, in o odi nent, a data bl ock,includ 256 hits. In

al ternate enbodi n_gﬁ%gvﬁnr%oarr%u@:aasf‘g\?&%srtoﬁixteévec?ﬁﬁFtﬁraolg?ag%?@ﬁfl%ﬂmlﬁcﬁma dat a
bl ock. Wen data lgat8sdeeiwef)if RBek. BbUDS b6 alflddedlochUshifteRon 15?1_@ bits of
the data block structure are appropriately conf|4gured (e.g., by Tilling
themwith a "I" omeag4liniavwnsiraara arbaraion fegiemeanside?, ag ivier-so0sy abigeso

g g

downstream data will be sent on the upstream link bus 452, Hub 400 also

includes means for arranging local output 430, means for arranging downstream
output 432, and data assembly means 450, which function to arrange the local
data and the downstream data into a data block structure, in accordance with the

20 determinations made by the arbitration means 414, 416, 422. The data block
structure is represented by buffers 440, 442, The data organized into the data

() block structure is sent on the upstream link bus 452 in a contiguous manner. In
addition; hub 400 includes command quene 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 ik 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

12




In one enbodi nent, the data block is divided into an integer nunber of
contiguous "lanes," where each | ane includes a set of configurable bits. For
5 exanple, in one enbodinent, the data bl ock includes a set of 8 | anes. The

nunber of |a ithin the data bl ock structure is fixed, | embodi nment ,
bk o

and each lane’inc uée% t he sanme nunmber of bits. In other Y2 the
nunber of |anes could vary, and/or the nunber of bits per lane could differ
fromlane to lane. The lane structure is represented in Figure 4 by buffers
440, 442. Each 10 buffer 440, 442 represents a data block with 8 | anes,

| abel ed "0" t hr ougfRckeg-out pro therbae divdeg 2 Bafe bloek traumsmissiompegiod (ke paeHépar at e
buffers, or they goul; the ?H?s qbddf; uffers 440, 442 are represented
separately in Figure %d%j%rs ealég of ~ %gs%%rlgieﬁbn. Usi ng the exanple of a
256-bit data bl ock andn®rkambsdipent ek bledck dividddante anantegerinnmberde 32
bits. Accordingly, lane Q,coul,d.be desj gnat as bits Q-31 l.Lang 1 coul d be
desi gnated as bit EPS8UEY, lqnﬁﬁewﬁe@c’?ﬁﬁhfag%mﬁ psgans(.;? 8{1“033%6{’153@&-1%@%, and so

on, wWith lane g bgteislesbeahndiacttht 8atd Bbck RRludbda tbeE Mals TiYTbOdi nent s,

nore or fewer |anes could be present wthin a data bl ock. For exanple, a

data bl ock coul d Hebu@élaass vihindse dajpblogngsicturnis dirérin ane enhediaenpand
enbodi ment s, | ane Qo c1ﬁdé§‘ttgéds§m%%nﬂ§8§6fb§€s.9ﬂi Jm&%&%@&%@% u{uﬁﬁ)%ﬂ coul d
i nclude the | east significan ITS, or vice versa, or the bits allocated to
each | ane coul d b&aadslcosdtvady, amd/ar the muaberwdbits pdr lanercoekl. difs frach lanbeo

explained in nore detail later, the |lane structure of fhe vari

enbodi nents enabl Bge elﬁ%ﬂm}“‘? Ergﬁrﬁeﬂegrﬁ? &gufsee‘ﬁawa S%&%ﬁﬁé”“@pstream
link 25 bus 452, nyer40alsa rbfeR¥ial BB Bodk #i Dokbs, avkraal” anghgfoynsty eam
sour@, The hub 400 perforns several basic processes. First, the hub

det et nes when dpieeticef pufiars #40 ¢4 penld be soparateduidiess oy theycould hetheseme and
downst r eam sour ce r =V kG e [ | I cond, an
arbitration pr oceg]'sze?'s B\égf’%gﬁ ﬁ’e%af%e 1%8%5 %ﬁ%ﬁﬁéﬁ%ﬁ%ﬁ @?%h\?\n&: ﬁgseb%egr ant ed
access to the upsiéseapidnl nk bus during any 30 particular data bl ock
transm ssion period. Third, a lane filling process is. perfornmed to identify
whi ch |anes will be utme&&f%9mmhi0éﬁ2éémb§da@%?%§aadgi@ PrroBeH 698660
PCT/ US2004/ 034475,npabhiaGHiiAde $a8iR. kil R s R0 BhabeRRELRHed SMfisloane
filling process involves allocating one Or nore first contiguous | anes
within a first sebnédrowfl ba ddagretdel asdits 32-63, lane 2 could be designated as bits 64-

95, and so on, with lane 7 being designated as bits 224-255. In alternate

embodiments, more or fewer lanes could be present within a data block. For
example, a data block could include as few as two lanes. In other alternate
20  embodiments, lane O could include the most significant bits and lane 7 could

include the least significant bits, or vice versa, or the bits allocated to each lane

@

could be allocated in a non-sequential manner.
As will be explained in more detail 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 downsiream source. The

b 400 performs several basic processes. First, the b 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 procéEs 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




to at | east some of the first source data, and allocating one or nore second
contiguous |lanes within a second section of the data block to at |east sone
of the 5 second source data, where the second section begins at a next | ane,
which is contiguous with the first section. Finally, the portions of the
first source {aia.s@8dot he second source data are sent 0Ve§cﬁﬁ§‘2&04034475
communi cations bus during the data block transm ssion period. eflerrl ng
again to Figure 4, downstreamdata is received fromthe to downstream |ink
bus 454. In one enbodi nent, the downstreamdata is either placed into a

downstream data buffer. 420, or is rquted to a_downstream flythrough path
472. Sinmilarly, R Ewﬂ%saonmeaﬁ@-n%ﬁ%we é{lwsa?a%esafﬁmlega 402

(e.g., units 304, ,HGURE 0B or hbreINQ BRRALLIRALs withif a lip@ abctdR LR a dfta vRIckher
placed into a local data buffer 410, or is routed to a local flythrough path
15 470. The downstie adeast somheishyhrspemuicedian, amikliohatingaoralor fioyd secondyh pat h 470
are used, in one enhodi nent en no _downstre r. Local data,renain, unsent
in the downst reamcﬁf%%%gf]‘_&ésr%ﬁaS?COP‘gE%? lordgﬁ?egﬁ?#’gorﬁﬁiﬁt, 33h P hﬁat a
from only onessoyead sGuryyiing Wiefe th secuibidectaiTbddins A2 2ext e MASA is
situations, the data, 20 fromeither source is sinply granted the bus, in

order to expedite “PHEPBY iHth therfistsgetiona Fapally, theportiss @idhe Hrst yoyres dagy
enbodi ment s, el tNahd Bl DA Dinkt BELUIRRIVAINe 8dfmuila iR BhlabfeaKc g ed
and do fa e buffere

fromthe system and the |oca wnst r eam da cou

regardl ess of thebbrchtenofispodf parog, 410, 420. In the interests of fully
descri bing the | ane-pagking techni ques of the 25 various odj,nents, the
remai nder of the descrg{ﬁk %WH%F%Q@OWW?&HI@&&?&E?@&V@E Péh\fiyi ng for
the bus, and that ghesateathtihifk R Y54 OMHE LRBHIHRLA 1R RwWRS&Eh ddteMRphar i |y
storg};\tl n the local data buffer 410 and/or the downstream data buffer 420,
respectivel y, rat B@eed méa devirgeandeteduitrdlger ieirauistlofa dowinsloesgh pat h 470,

472. Accordingly, ﬂgﬁﬁ r | td; 5 ssuned t o bhe ilable, in
30 nmuch of the des H%f%d’%m%f tgﬁ@lﬁg\?ﬂgo,%&;ﬁaga]?%%eﬁ’ﬁagﬁoﬁn@e%gwrséo é&are vyi ng
for access to thenipr40x@m., unitk 304 Fight?3), Id oMNEEEINOEASHS (beal data is
PCT/ US2004/ 034475 . When downstre data.is being received framthe

Rl i 41

downstream | i nk b&EheBirced iR aing & of ieuted irmalocadlytirengidith t o t he

downst ream ar hist r gty on

The downstream flythrough path 472 and the local flythrough path 470
are ugsed, in ong embodiment, when no downstream or local data remain unsent
in the downstream data buffer 420 or local data buffer 410, and when data from
only one source is vying for the upstream bus 452. In these situations, the data

20 from either source is simply granted the bus, in order to expedite the return of
the data to the requester. In other embodiments, either or both flythrough paths
G 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 muliiple
sources are vying for the bus, and that local data and doﬁns&emn 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

much of the description that follows, and the multiple sources are vying for

A
Lo

access to the upstream link bus 452.
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| ogi ¢ means 422. Assumi ng that the downstreamdata is being placed into the
downstream data buffer 420, a downstream buffer status signal 467 indicates
that 5 the downstream data buffer is not enpty. Wen the buffer is not
enpty, the deywwsiksamalf ! ythrough path 472 is not used. anm., ..
arbitration | ogic means 422 includes neans for generati nng%@t&éu%g@éé?s
request. When the data strobe 408 and buffer status signal 467 indicate

t hat downstream data is available to be sent over the upstreamlink bus 10
452, the downstream arbitration |ogic neans 422 sends a_downstream request
signal 461 to the i nt eWhspdpwastessidaiads being rreained 1as therdpwsars tink A r equest
asks the inter-so __1;55{35 : : I c}vﬁafs olakx
arbitration | ogi gﬁ'ﬁg%gﬁ%& oﬁ%%\g?g%ﬁ?@égé%%@#rt@%ﬁm aFg on E‘%@fb@pst ream
| i nk bus 452. Si nidgarhgans é22.t Assubingdhaidthe doenstream dhiaiis beingplackat iatoi the bei ng
received from t5 nenpry stora it(s) 402, a_|ocal dat tobe signal 404
is sent to the Ioé%W“S_ﬁﬁéBWW%?%ﬁH%OG%EW% b&ﬁtjﬂr. Fﬁ%ﬁ%%ﬁ‘?‘ﬁég% fsfcatesdiat o e a
data is being plaggdioRitRant difs hiitfRks SRAERAPHU VRS tHd BuffR id RfAIpARI{eEr status
signal 477 indicates that the local data buffer is not enpty. en the
buffer is not enptgynsimen/fotabeghpatihdiGughoipseds 470 is not used. 20 Local
arbitration |logic nea 414 i ncl.udes ns_ for,gen ting a.hb ccess
request. \Wen the dat rajlﬁcswtwrlso Cﬁﬁﬁggtﬁo§qggf?neeranss‘%%tmuﬁ{l%s%a S&}i%%ﬁl?{%ate

that |ocal data iBusucedsh edjuestt SVHeh tisedita orobe 40hendingter saim: kighkl 450s 452, the
il ocal arbitration |ogic nmeans 414 sends a | ocal request si gnal 471 to the

inter-source ar bindicatEith dapasiteanydta isiayailagle to be %%OESWFS‘EHS SFA gplaéusi .
previ ously di sgUSESH id MRl ifliatisfER nARk 93 Nal DUSYRARURGERLPT LT ati on

means 416 to allow the arbrtrati ogi ¢ neans 414 to provide its
| ocals—dat a on t hesigpd #6banhk inik-douse adiiZatioAceansi 1ty She downemsrergodi ment |

inter-source arbitratiaon neans 416 .receiv equests 471, 461 to access the
bus. 1 rom both 1 o4 BEGRET oI Ui SEHELR SEY i do BB Ehifehor
arbitration |ogi ciggRaAsnd 422 id beitc ROUSWRIBER thth 3h i upsHBAN Suk A& 450¢| udes a
means for making a determ nation of how the | ocal and 15 WO 2005/ 038660

PCT/ US2004/ 034475  dovwistleginancthe kol dafa side, when logelaletaip beipgiseceiked 6o ngl y,
when nultiple CAMERER st FaE @ﬁ{&%‘éfb@; a 138 Wit 0o PEaP %15 036 BIct16RE ' ON

process, and gran cess
arbitration logic means 414, Assuming that the local data is being placed into

the local data buffer 410, a local buffer status signal 477 indicates that the local
data buffer is not empty. When the buffer is not empty, the local {lythrough path

470 is not used.

20 Local arbitration logic means 414 includes means for generating a bus
access request. When the data strobe 404 and buffer status signal 477 indicate

’\\/ that local data is available to be sent over the upstream link bus 452, 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

[y
n



| ocal or downstream data. Neither the | ocal or downstreamarbitration |ogic
nmeans 414, 422 send 5 their data until they have been granted access to the
bus. In addition, when the inter-source arbitration neans 416 decides to
switch a granwdesmseee source to another, the inter-sour i 3t J-0n
means 416 determ nes and indicates where the next source gﬁ%@?%hﬁsgyf its
data, within the |lane structure. Inter-source arbitration neans 416 uses
various information fromthe dowstream and |local to arbitration | ogic neans
422, 414 to nmake this determnation. Specifically,.in one enbodi nent, a
source that is grausiede deesvill ge e ovesile Bise diceprdinghe Fiicn mulila rsgBesi » i n
its data will occ lﬁﬁq% i : Jrdir @b 416 of
the predicted | oc%%fpgn 0 ,h%bfﬁgug@ akp%ﬂ%&ﬁgﬁﬁ&iﬁg@g%gggr@tﬁr c?gt%?gt&}eon
means 416 then usksaltondowpstrsdinglatad | ocation to determine 15 where, within
'the |l ane structure, t .Nex rapt ed source .Deqi n i rf.» s, data.
‘An exanple wll clarif elﬂﬁf@eg%%g%rp@ ﬁ%aﬂéﬁt 1811?)&}%1&1%&5{1@%,{2& Sﬁl%ure 5,
‘which illustrag esthai desanil BePhave bbédgrated h@§satthd ths AT addiadis /heh tHe an
enbodi nent of the invention, Initially, only the internal clock signal 502
and the 20 | ane d&fc SSFEHEIPEraHOR 5L %mdeméés iQiswélgls 3 ggpnt TR eerceiygnal s
shown in Figure 5, ehltﬁﬁteg—'s&%ﬂé%ﬁr lti%ﬁg{eanssth%rh%{enﬁﬁl%s Eﬁchiﬁﬁfcg{é% Whefd
internal clock signal. & i nternal ol oc signal " 1s used to define a
"processi ng peri oii? nexitshime sivnbhsteaithdda trd it he Ranestructsse diershurde pr ocessi ng
period refers to a Rféf‘i od of 4tim&* wi t.hin which a.single 25 data(ﬂock IS
assenbl ed. Al t hou§RITRIGRIES 1P MRS PHPREIPrEA L YR G Aaf lofd one
internal clocks cygbrationeicAntin® 23 Sl B¢ REkd @ dsRymbBRtibenger or shorter than
one jfnternal clock cycle. In the given exanple, the data bl ock includes 8
| anes;” and val i d dat a $recifigyldy, impicembpdithabe joarse dhadés rafPE atcess IBYhe ane dat a

si gnal s 508-515. ri LISt (2] | | ta.ls.inserted
nio the | anes 508 SIAT PRE S oA R PRSI KR oty b T
data i s nade avai jcableavtiipatidneméms 41@of the gredicredbeatibh bf the HYARAAG/ 128660

PCT/ US2004/ 034475 rocessi period 542, different da is inserted into
the | anes 508- 515111@?-3?1%6 arbzr‘]cr%tlgn means 416 then uses T?xat predlcte}i ?ocatslon to etermgne

15 where, within the lane structure, the next granted source may begin to insert its
data.
An example will clarify this concept. The example refers also to Figure
5, which iltustrates an example of a timing diagram, in accordance with an
embodiment of the invention. Initially, only the internal clock signal 502 and the
20 lene data signals 508-515 will be discussed. The other signals shown in Figure S
will be discussed later. R

Signal 502 represents an internal clock signal. The internal clock signal

O

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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data bl ock structure, and subsequently made available to the bus. Further,
al t hough the rel ati onship between the various edges of the internal cl ock
(i.e., the rising and falling edges) and the data and other signals is

illTustrated i gpPResBdhicular way in Figure 5, this relati d be
different, in other enbodi nents. For exanple, the clock m%ﬁ?ﬁgﬁgﬁ%}

inverted wwth respect to the other signals. O her nodifications coul d be
contenplated as well. In one enbodiment, a particular nenory access request
|| s considered a "transaction,” and a transaction identifier is associated

With the request PRCEF@EPeriagsPodifizemt gty isdagesed Hﬁ? thedaneg p(13-5&8 of the
fransaction can beybiobk@hlokr@id bafidifinFRlade SXAD) %bth@bh{; ansaction could

be as short as a single saction cou lions of bits
| ong. I n one enbodi menfyrtheh eltdatgh tassttivadhipbativedn the varams adgdsarfithei s r et ur ned

as a set of "data fra men , " Wth eac I ng.a.nunber . of bits

that corresponds F&7% c\ﬁf‘@t%ﬂ&e‘fn%nggﬁgl %Hg%?ja?&fﬂg‘ %?a%d?‘ih%ﬁﬁ‘&iqlﬁn 15

includes 256 bjt sjjlyaRdeERAGRe b&ﬁ@ulbﬁwﬁﬁmmlg&ew m,reﬁah@ﬁhtpf&uldwlﬁﬁ@ﬁehpn could

be divided into 8 data fragnents. A header @i be sent along with the data
tS

for a transacti off,othe emba@rnen@ Feeesapple, theeclergisignaleoniddirdnversdivittbe of any
length. In the enbg ‘1%5%@5 otﬂ&ssgédaﬁe%tﬁﬁln%’é%% tzgﬁﬁ%‘ﬁ[d §e2don %tﬁcgamél? than

one |lane. In othe consune nor n oné | ane,
or a protocol 20 coul d[ntnaelﬂsbddxfmnt whirtioular inemdeyractass pajuestéd eonsiderefiar each

transaction. In the ex Ilustrate ure, 5, dur rogessi ng

per 0d 540, the TSI IGRY ARG HaRE el STt i 1589 P ocat ed
in lane "0" 508, %ﬂ@erﬁifyﬁéxﬁ 8ot RQEthirRA. ﬁftra]n%ﬁbngﬁﬁ?eﬁﬂﬁﬁly g’]&l . Bgven
fragpénts of |ocal data, which are shown in |anes "1-7" 750 5. The

synb i ncl uded mnméft;hh@maah@mp@ﬂdnwsash@rt 252 plogle by eonadthnasctivokpedde " L"
i ndi cat es | ocal " c
i ndi cates the tra%‘lislg?:lsiot?r]?“!ﬁug‘% ﬁ{&?ﬁ eg‘%ﬁgﬁﬁén% .é@ assoﬁ%% ggtthda%%?%?&h

nunber for the transaskdan se@\@ﬁfﬂaﬁi Pagnyents, heith d@htﬂafgnent indluding @(ﬂumbshomn in

| ane "1" 509 indicat es t hat the data w.thin Ia e ring &Socesm ng
peri od 540 cor r espididdhat Gor sraonds e thepyig ﬁtlm{e r@fan} dYAACHOR) | for the

l'ocal 30 trangact inemdesdfsratwt% ' a%e eQah 1afke isGT Blts wﬁmﬂeﬁmc&m&moh denbibti er

"R-TO-DT' shown in [lane during processing period 544 | ndi cates that
t he data correspodigsicd mto &ﬂawﬁagm@asomg@l REY/besanelng3vittyihe dethdorai ght h

fragment (D7) of ﬁjansac %ognel%rgr @t 1dgr|§}fyt Sdatd. hg he?%\épgc;[uﬁc?ge of any length. In the

embodiment described below, a header consumes no more than one lane. In
other embodiments, a header could consume more than one lane, or a protocol
20 could be used for which a header is not retutned for each transaction.
In the example illustrated in Figure 5, during processing period 540, the
C/ first data being transferred includes a header 550, located in lane “0” 508, and a
first portion of local data consisting of seven fragments of local data, which are
shown in lanes “1-7” 509-515. The symbols included in each data envelope are
25 represented as follows: “L” indicates local data; “R’” indicates downstream (or
remote) data; “T*” indicates the transaction number; and “D*”’ indicates the data
fragment number for the transaction. Accordingly, the identifier “I,_T0_D0”
shown in lane “1% 509 indicates that the data within lane “1” during processing
period 540 corresponds to the first fragment (DO) of local data (L), for the local
30 trapsaction 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 . Because data fromthe | ocal source
exists in the lane structure during the first processing period 540, it is
assunmed that the inter-source arbitration nmeans 5 (416, Figure 4)

previ ously grgpt ss to the bus to the | ocal source. strated
exanpl e, the ?gczg‘ﬁmg%ﬁ?ce had ei ght data fragments to sendé(gnégﬁ%'/%# first
grant. Because the header 550 consuned | ane "0" 508 during the first
processing period 540, only seven of the eight data fragments could be
assenbl ed during that first processing period 540. The remai nder port| on of
the 10 local sourtbecighthdragesatilh ohdovrstresre datp ¢R) horrthe derepttredasi gnat ed

"L TOD7," is | ane "0" during the second
processing peri gj@&%%rf%engﬁﬁ% Tb)gl ghth fragment "L_TO _D7" represents a
"breakpoint" in the IBmaliseﬁmarfrmﬂmﬂ@:als'ﬂurc&elam&akﬂmlaﬁeﬂniaﬂnéd&ﬁag\Mdih t he
begi nning of lane,"1" ggipsecon rocessi.ng period, 542. In one

enmbodi ment, data ﬁiFthrlr??eﬁ%nﬁng LSS tﬂPBéé}P‘F\lE arsglgc%ghit{gg%g@anst o fill

the remaini ng < angss, Feufe 4f Bevibh@y cRGANELR Be8SHIsNE tRabtPdorbL- Itk t he
exanple, the inter-source arbitratron neans (416, Figure 4), ranted access

next to the downstié@tadsaampls. @R}O%Q@é@ﬁﬁlﬁ@@lgh@daﬁtﬁim@tsﬁ@ ringdie ce has
@ header, and 16 fﬂ%e%aﬂtr %@ﬁgé@; Q@e&% éngts"urgédlsl)an% Qqss%%dduﬁﬂﬁh@%‘ Lis 20 first

|transact| on (TO ause poi n occurs a he "begi Ani ng of | ane
"1" 509 of the sqxrmshi@gpar&slﬁmgorﬁ)ﬁsavemjoﬁﬁém,,hh@tmﬁfaglﬂentszmld)’ee pl aced there.

n ane "2 510 B GEEBAE, S OESEPG TEES S SHE rTRRBEGIOASE OIS, * | n

lane "1" 509;q0f [ B, é@@ﬁ i“ga 6;0f the 16
dat fragrrentls ZSIB&@Rsér&wﬁ%jﬁ%ﬁ?%ﬁﬁgw%g ﬂi)ﬁé{{?e pltgced FEE 5%?72- 17Soof t he

secohd’ processi n@hommbﬁplmmﬁméﬂ)” diumugrﬂge seh@ldswom&inppctm‘s@ﬂng peri od

542, a renmi nder porti a ma fd Wrce i s d in.a first
section of the data bl@&gﬂ@ﬂf% W&lﬁgg}? Ia"L_;lfQF ?oﬁepaﬁse%‘éﬁ Elg%%zﬁ Ycond
source is placed thdlodalsemeBdaise This®iea@boihtt@inciRt ifhliREKegbidinics i “130 The
third processi ng 5perl od 544 is consuned enti rer b the R TO transacti on,

and no br eakpoi ntoV8&€ HieseeRndiprgpessing PHER Phd . Lomwe fetadfom B 18 WO
2005/ 038660 P§T I Y5200 8344 Ean source can be used to fill the remaining lanes “1-7” for the

second processing period 542.

In the example, the inter-source arbitration means {416, Figure 4),
granted access next to the downsiream source (R). Specifically, the downstream
- source has a header, and 16 data fragments (DO through D135) to send during its
20 first transaction (T0). Because the breakpoint occurs at the beginning of lane
“17” 509 of the second processing period 542, the header can be placed there.
) The 16 data fragments follow, as indicated by the indicators “R_T0_D0,” in lane
“2” 510 of the seoond processing period 542, through *“R_T0_D15,” in lane “1”
509 of the fourth processing period 546. Specifically, 6 of the 16 data fragments
25 (R_T0_DO through R_T0_DS5) 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 int 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_T0
transaction, and no breakpoint occurs during that period. The breakpoint of the
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downstream transacti on does not occur until the beginning of |ane "2" 510 of
the fourth processing period 546. After the downstreamtransaction's
breakpoint, a header and the first 5 of 10 | ocal data fragnments for a

second | ocal ty@npaeikan, designated "Ti," are assenbl ed j the fourth
and fifth processing periods 5 546, 548. As Figure 5 indi CgF‘g}SU’,gQﬁ%;F%.;%r om

nul tiple sources can be placed in the lanes to be sent out during a
particul ar data bl ock transm ssion period. This is particularly illustrated

during processing periods 542 and 546. In one._ enbodipent, if data froma
first source (e.gdoVBtPmdEREacHPn dosRet P@&wﬁé%@%mngﬁ l&6n Sﬁo PEEE t han

al | of the lanes, fiiaihrd@hang bOIBoeS4000RM1S QUi thysncidRUnsdpam dat a or

| ocal data) can be placed in e remaining, unutilized lanes. Accordingly,

both first source hdutenamiitic St 6nd 18 bwvelbdataifzagmentsfobesesend looal ttaneactiomst r eam
|l ink bus during a . si.n Hat.a bl ock. t ransm ssi.on, peri.ad. Sai d anot her way,
first source dat adF%g%egcgg’ i he gssﬁnp%fl%% t?%ﬁoug,p aéld lfr%ﬁeﬁsélﬁg,p%}?gssecond

15 source datasisspt,aged in a second section of the data bl ock, where the
second section begins at_ a next lane, which is contiguous with the first

section. This abili t y A8 Sidrae dicss, #@%ﬁ?%‘ﬂ‘i@? EuRECERbe wecst 7 the same
data bl ock, as prouldgde by &u'ﬂ@uﬁ?ﬁﬁﬁrﬁ&ﬁﬁr%aﬁf 1dR8rah A RAbA Bhiod. eﬁﬂ% 1N

reduced |l atency for data return and increased utilization of the link bus
bandwi dt h, 20 The papieviatly dhistrited Hemgrvoctssmgperiods 642 aralt 8. imomé gure 4 will

M Ergure o o aip iR g R ek B BT SR S dotth i p So R el il 121 o
associ ated W tip a chisusie 14s06tah alllcdfigeAehids Oher ddta k6M)a sesoridn@ingaiegd, as bei ng

avai 'abl e by the state of the |l ocal data_  sjgnal 504. In addition
downstfeam dat a adSBBTEEBdal aloc! fatrlaan helased mdhs temaning snwilizsd laeR T0")

s indicated as_bolngumy) batlifs Wb RS LA S0l it ciRMSHE saRbAaia Signal

506. Referring also to Fi"gure at'a sign corresponds to
the data stored iupsticamdinkdas dutng 4 gngld 46t bkl treimemiskoymstrivéa Fedatmathsi gnal

Tocal dat a 30 str O FOHoHITAaTEE RR A AT A AT AL A ocal |
source, the | qeal soaEddds @gﬂ@ed trofieeomBRBFor ot S@RIBIo8, Bl RreAne 883nd equest
471 to the inter-source 19 WO 2005/038660 PCT/ US2004/ 034475
section begins at a next lane, which is contiguous with the first section. Ti}is
“ability to place data from multiple sources within a same data block, as provided
by the embodiments of the invention, result in reduced latency for data return
! and increased utilization of the link bus bandwidth.
| 20 The operation of the embodiment illustrated in Figure 4 will now be
described in more detail in conjunction with the example illustrated in Figure 5.
C; During the first processing period 540, local data associated with a first local
{ransaction (“L_T07) 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_T07) 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




arbitration neans 416. Simlarly, when downstream data strobe 408 indicates
that data is available froma downstream source, the downstream arbitration
| ogi ¢ means 422 al so sends a bus access request 461 to the inter-source

arbitration nRgngobseo> | Nter-source arbitration neans 416. &'EJE%OY@APUS
criteria to determne who wll be granted the bus during any @

processi ng period. Wien inter-source arbitration neans 416 deC| des to grant
the bus to a particular source, it sends a bus grant signal to that source.

For exanple, as Fp{g}ure 5 indicates, the local data 504 (L_TO) is first
granted the bus. éfEﬂ*J@Prlig“-la’}S”fﬁntSéml lardys dhen dpwnstrear ot fonp$0d indicessends a

bus grant signal 4/deli0;d a%&elm@{rpﬂﬂ }lenageealﬁf&glfjcre?ﬁ@'aﬁwfe}én%aﬂ Hpifo

enbodi ment, the bus grant si proce53|ng period in
which the data wi ﬂdgmbmldflzg/alsesepﬂdaaéds ime$sheq1malt%lbd) telinfeesguree processi ng
period 540). In o I enbodl ts, the signal 474 could be sent during a .
previous process 3”[5’8%“}?8‘1 "In addition, inter-source arbitration neans

416 sends a position lnﬂércsaﬁ&éarbuéﬁmrnuéaﬁsizufwsreméno@@bﬁt@natt@aéteﬁnﬁ@tvﬁé l'ocal
arbitration |logic means 414 to know in which |ane the header or data should

first be placed. Fillbherasiehdsbvesduring un SyenqyocesEnapesiad aWh@hlrméﬁ@cms
sends this indi Caralbﬂpatmﬂﬂgﬁs {1%'4?81‘21‘23% a%%,%w us%%péﬂ&cul%{-% rcﬁ,] Lndig | ocal

arbitration | ogi c neans € eX I'guare nekt | ane

in" for the first bmmsgmagtopwlsmdcé%ﬂﬁarhpleas Gurd 0 @ndicahes; eedbdadlista | ane
"0" is the | ane m&lg ich the | ocal %I’bltl’atl on | ogic nmeans, 414 causes the
header for its tra OE)F'F shganies! Be PPy AeeQri YR ARCHFYITES HPIGHOR BEIE  neans

414 then arranges f
O ocesel g porPoq Lt PusBaitifnal DR TRl RbRAGLERER Mok hEe) Wk

transaction. 25 | pmbedmentthibre gtant agreadgeisisegaluriogthegrosreang pd8d inecei ves a

signal 476 from I a tion |0 i ch_indicates the next
| ane in. Arrange C%:Hle ‘%ﬁlﬁ B’Hfacr?g%sbe%!ﬁﬁ (Erﬁlgt eflaéé%gﬁo‘g%sgtp]rgcﬁg%gp f one
is to be assenbl ed4@)h&ﬁothﬁlrﬁﬁlﬂﬁi%hﬂﬂs,lﬂﬁmgﬁl474’bdﬂiﬁtEbeES‘£hD@llrﬂ‘%errehBﬁs)r mation
to be included in the header is retrieved fromthe comand queue 412. In

addi tion, neans 4BOcPBENEEYed the 30 data, fromthe local data buffer 410.
prang ocal jutPuL R Op Rk e e AR BRI ke ool
PCT/ US2004/ 034475described further below, that enables local arbitration logic means 414 to know
in which lane the header or data should first be placed. In one embodiment,
iﬁter—source arbitration means 416 sends this indication in the form of a “next
lane in” signal 475 to local arbitration logic means 414, In the example of
20 Figure S, the “nekt lane in” for the first processing period 540 is lane “0” 508.
Accordingly, lane “0” is the lane into which the local arbitration logic means 414
\ causes the header for its transaction data to be placed. Local arbitration logic
means 414 then arranges its data so that the remaining lanes of the first
processing period 540 \r}ri]l be filled with data fragments for its first transaction,
ro25 In one embodiment, arrange local output means 430 receives a signal 476
ﬁrom.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 assembied 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. Armrange local output means 430 arranges
the header and/or data into a local pre-transmit data block 440, which has the

20



data bl ock/lane stricture. For exanple, if the next lane inis lane "0,"
then arrange |ocal output neans 430 would place the header in |ane "0" of
the local pre-transmt data bl ock 440, and would place the first seven data
fragnents (L ough L_TO D6) in lanes "1" through t he
grant is issugﬁﬂé@?%@gl arbitration | ogic nmeans 414, rreanggyﬁz%oﬁsé%rcts
the breakpoint of its data. In other words, it determ nes at which
processing period, and in which lane, its data for the transaction will be
conpleted. In one enbodinment, this prediction is based on know edge, by the
| ocal arbitrati onddieglockitrmanguchird., Fof exaimgld, ifdnszat laon isisdee “Witbin was

|preV| ously 10 stored in t ueu cal
arbitration |ogic n%ﬁﬁ%(:%‘i%p‘%%e&fl 18 lﬁdﬁﬂag%ﬁlﬁ&eﬁ{él gﬁefm% mé ]Pc‘ﬁ

entire transacti Oﬁre-&dﬂsﬁﬂ@laﬂa@:llockﬁﬂbc@lﬂ%ﬂd pla@itHE Fr@bevieR dad ataanbok a
transaction could be performed in nmultiple the transaction

f
exceeds a cert ai nllsiTeP0 thypash kel thPdaiadangstlc BE‘P‘E‘Eh( ac’gur Isomevx/nere bef ore
die end of thesdata.’ 1? iennhggl%n gmgédr@lx%cial%xt}aﬂgn %&?ﬂa %{]Q'IE rﬂ%&n@@l«i ogi ¢
a Wi fex

means 414 pr edl cts th ol nt occur w upcom ng
processi ng peri odpretiivtrthe brealmimaf “nd4ta dincdidr onrdd tdetcheinbs stakiici nt wi | |

occur by sending a |ocal e j nt di cator signal 472 to e
inter-source arbi P34 pﬁ‘é%fﬁé‘ﬁ?’lnnwg%{]afl?’dﬁ daﬁéﬁ'ﬁg‘e ] C‘iﬁ%ﬂ(@gf% i ndi cation
of the location ofofihigc&nth c;hfe ehmedﬁ@hamwemcﬂoﬁ ﬂ%a%t@a@ﬁ“@édg%ystﬁéucture

In one enbodi nent, this is done by sending an indicator 473 Where, in
the | ane structurbcaltanietrbtncedkgiommnwm i) guansamesm@mlvsaswm@sbfond to

signals 526 a gure re i vel n th Figure 5,
The hocal - dar & ar Sted 40 5 OhEn R uph  RREC 1% e o B togit On' &1 o
includes 8 data fmagﬁesﬂu rdd%@@breaﬁptﬁﬁtalﬁtﬁ& dntl of & erelteFaiiseidn.t Bodnotter Wi | |
only need to fill lane "0" 508 of the second processing period 542, in order

\t o conpl ete the tPEMRABEMOFIUMEEYE drladona ﬁ%wpneaﬂlabea%@rme&tmwtn&fey c

rrean 414 would d n b, t he next
pracess! g por o 613 0 HESHRRPACAIREL Bl O B ABERRLTS) 5o

(Fl gure 5), | ocal occ80scthaetvehersr tmfdre dtel aod of Ggidetareans 414 indicates to the
inter-source arbitration nmea 416. int will be occurring. In
the illustratél embodi l%é’ﬁ?,emgﬂﬁl@eﬁti f{%af?ﬁgé’fqﬂééggﬁ "(1)13141? 6@9}&? t

a breakpoint will oceur within the next upcoming processing period, then it

makes an indication that the breakpoint will occur by sending a local breakpoint
indicator signal 472 to the inter-source arbitration means. In addition, means
414 makes an indication of the location of the end of the data, within the data
20 block structure. In one embodiment, this is done by sending an indicator 473 of
where, in the lane structure, the breakpoint will occur. These signals correspond
| Q to signals 526 and 524, in Figure 5, respectively.

In the example of Figure 5, the local data arbitration logic means 414
knows that its transaction size includes 8 data fragments (D0-D7), and thus 1t
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, locat data
arbitration logic means 414 would dstermine 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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'coul d make either

indication is made by setting signal 472, 526 to a high state. In alternate
enbodi nents, a |low setting could be used, or sone other type of indication
coul d be made. Because the | ocal breakpoint signal 472, 526 is a binary

i ndi cation (iw8-20058) r there is an upconm ng breakpoint o .Lhe_signal
can be 5 repfggéﬂ?ggﬁafth a single bit or wire. In additic#ﬁﬂﬁé%%ﬁﬁfﬁ% next
| ocal | ane signal 473 (Figure 4), 524 (Figure 5), local data arbitration

| ogic means 414 indicates to the inter-source arbitration neans 416 where

t he next breakpoint will occur within the |ane structure. In one

embodi ment, thi s RGPS Srde breeingsigie 47H5aP 67 2 Bighis@entipfiteratieon of which
lane io wll firs : L 1p .t r i [ . As the
exanple illust ra%négs?ﬁlr?ﬁghﬁgg#esla%%gFéﬁgaggggﬁ’gﬁgﬁﬁg§§%€9%%E%ﬁﬁc&ﬁéér ry a"1,"
indicating that domiebe'1hidd Mecandelthdleca berakadihtesignal 4205 D@is addnrge, i f the

ot her source is granted ,.bus, access. |In anather enbaodi nent, the nexi | ocal
ane. s gnal 473, BOFHGNig+ SiE CREkk & AHPCHIE BRI AT Babe e FiRAl e be
fragment of daga Ife?{eséﬂﬁﬁi Wik b embled drivagesaction (e.g, "L_TO D7," in the
current exanple). In such an enbodi nent, the next |ocal |ane sifgnal 473,
524 woul d carry a "0, "Injadditiontisimg thevaaxi logaldanegrignabded (higure dh SR (igwe| ast

fragnment. Becauset t [ . | adi .he. Ldentity
of a lane, the nSJ g?ﬂ% %ﬂln{ter(é&{)%%@a g:%(l)%]h%ﬁ]@eméiéé S?’éﬁe {nﬁe Sglﬂ%c%éfbg%?@h 524 is
sufficient to 20memkdlsudbreahe hodbaakpodit willvcan weiodie irptstititiaie. Usese 8

' used for, th | gnal 473,

lanes, 3 bits of it informati.on or wires, coul d bé i
524, In various aWW‘?%E#HB@FWHtCQWﬁ inihs -°§1819§é’é1‘5&¥1 1?%t’8{1i°g?‘(ﬁ+?gé%’§ 416

a eakpoint w |l occur in the next processimg period, nere that
br eakpoi nt 25 wi |iHugtatasy the Abxidorediane elgys! 47ht B -covldreary arbi tindititiog thetans 416

coul d recei ve, 0t hofy 4 4PRsyAfalig:RuTekodchate RARRISAL sl SEERIT Ne whet her

Ok h_.of the etermnations.itself. In still other
Cbodi monts. - an drn T aDedrfl b RS IS R A0S A bR il Bt ang
i ndi cate where a tiseddde®i Mandihet emOEhiént, tBY Bkt Idcal 1a6e HEQAKPDIIY cvhldl occur

‘during a processi_ng, period that occurs_after the next processing period.
- Nuner ous al t er nat'8“¢&

enbodi ment s are qnended (Lo faly yrbhh e difeRSARRDRS, Eioh B ERGSEmbAY et i on.

B gdnsidans wedd carpibe a5t Bagpepl dle fr ths@rteRbse
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the next loca! lane signal 473, 524 would carry a “0,” indicating that lane “0”

508 will carry the last fragment.
Because the next local lane signal 473, 524 indicates the identity of a
lane, the number of bits that could be used for the signal 473, 524 is sufficient to
20 make such an indication. In an embodiment that uses 8 lanes, 3 bits of
information or wires could be used for the signal 473, 524.

C In various alternate embodiments, inter-source arbitration means 416
could receive other types of information that enable it to determine whether a
breakpoint will oceur in the nexi processing period, and where that breakpoint

25 will occur. Alternatively, inter-source arbitration means 416 could make either
or both of these determinations ilxself. 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 ocour 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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When inter-source arbitration neans 416 determ nes (via signal 526) that a
breakpoint will be occurring in the next processing period 542, neans 416
may decide to grant the bus to the sanme source (i.e., the local source, in
the current exapjk@issq to another source (i.e., the dom%&ﬁgf@ 3@#%-& in
the current 5 exanple) during the next period 542. In the éXa R i gure
5, inter-source arbitration unit 416 decides to grant the bus to the

downst ream data 506 (R _TO), which also had a pending request fromthe first
processing period 540. Accordingly, inter-source arbitration unit 416 sends
a bus grant signal 464Yihsn igensraraeasiriraiae mesas i BhddtagliecsteasisngDi20) that one

enbodi nent, the si } . I LQC I i od
Sa2. I another oRehaTRLR: iy benBll i E el ploikuREIRRS BASTRRR PP AEY
during the first pdeddengrag dpdusoslthb4fhe sdufcedtlel] the dival sonte insthelt@esnt
arbitrati on neans 416 éends a II?OSI ti oa indicator, which enabl es downstream
arbitration | ogi c S¥RdaRt Oﬁi?aﬁ“ﬁ RIDRET We e vgifRen ?"élrceh@afa%?u%eﬁﬂdat a shoul d
first be placed. kpu@ne RREHIRAL periodlsas - BOHE S&mide 8 Mkhrleal [RY-RRRS 416
sends this indication in the formof the next lane in srgnal 465 to

downst r eam ar bi t r aitstionygit ¢ 1 oréenides 4@ grantithe bisdp the dovesirears defad 6 48500)coul d
include a "lane i ifier " b i i r i ifying the

| ane. - For exanpl gr?&lthnaflstoﬁlgd&P\éﬁ%ﬁ%re\%ﬁees?%@%iﬁ%@pﬂé}%{%ﬁg&eﬁﬁ?# "he data bl ock

structure, the | Areordihght irfidransrce atbitthior vhiielé sdndge bungrabied ghaf 460 to 7.
In other 20 enbodinments, a hit nunber within the data structure (e.g., a
nunber from O to J9%Bsteam agbialpndpgic meens 44 Ji Pk @RPGHMEy e SEREAOA i cat i on

‘iof the | ocati 0 . ! nt i : he
qQp ETntt B&indfhe skl E}gc&%@gﬁg@d@% Inlalll&h %ﬁ;ﬁg@g&fﬁ{&%@l

inext (Tlane in signal 465 Correspohds to oca sent
by t he’previousl y4gt endébe sodeedie( @ gy duinpthelfog procssaingperiod280).n t hi s case),

during the previous processing. period 540. .As descy.i bed, previousl t he next
|l ocal |ane signal 524 @gar@ztw, Fxﬁeé-splgg%?rﬁg%w P’ﬁﬁso‘{mls%qsfporsr@ﬁﬂéndi%ﬂndpri ng
the previous processhngatles dfechswesm arbittation 1 b 4bD s kdo whidh 1aRORs | s the
first lane avail able after the breakpoint of the |ocal data. In other

enbodi nent's, the Header prileta shquidifstdie sl o ong embodimeat ientdodtcei s 30 based
th | t he: i . i .
oxactry. the sate. Cpuith diolie B8 BlHRBlaBEth w8 KA. b BRI,

| ane 23 WO 2005/ 83B&6RwWRET¢A05200¢ti0B bekbmeans 422. The next lane in signai 465

could include a “lane identifier,” which is an integer number identifying the lane.

For example, in the example where 8 lanes exist within the data block structure,
the lane identifiers could be thé integer numbers from 0 to 7. In other
20 embodiments, a bit number within the data structure (e.g., a number from 0 to
! 255 for a 256 bit data smlcturé) or some other indication of the location of the
| (' breakpoint could be sent.
In 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
“17 509 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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signal 524 may indicate the |last |lane that the local data will consune, and
the next lane in signal 465 could indicate the first |lane that the
downstream data should first occupy. In addition, the next |ocal |ane
'signal s and nexptzedsmageh N Signals could be indicated in a b, t han
with a lane identifier. For 5 exanple, either or both coulg@Pg |0((':iaa%34eﬁ§1 bi t
position, within the data block, or could be indicated in sone other
manner. In the exanple of Figure 5, the "next lane in" for the second
processing period 542 is lane "1" 509, as was_ indjcated during processing
period 540. AccoRgithet4may Hdicaterthe jagt lwhﬁtéwoP%tJ@tWﬁ&?nﬁlﬁﬁea% tream
arbitration | ogi : aa4d8 i SRSACIEPN data to
be pl aced. Domst??%g%ﬂgg{r%#rgﬁ?%:on og%cgﬁnﬂ%ans %%ﬂ?%ﬂel%la%%angeg&aﬁ)s data so
that the renmi ni ngholldifes deorpy. (theddidoy tet pproloed dinegigoelsiand n6xidansithl be

filled wth data fragnmen f.or. its. first transactipn., Once the grant is

i ssued to downstr® a‘?Ddeﬁarea{P 18?{6‘?6193[18%5?%?2[3? with alapg lg‘?nélcﬁé’ét Tt he
breakpoi nt of 3§t sexdapt, eittier eNkote BRI itdate 2 BitpesitRmeHithhitho dits bRRERE ONn
know edge, by the downstream arbitration |ogic neans 422, of the transaction
si ze, which was pioeld ksusdigaisd Bysemeiohe FeueSmuand queue 412. In the
illustrated exanple, I b 17 e 2 —

Accordi ngly, the breakﬂﬁtg&n‘{xa&\%ﬁeﬁcﬁ%%?e g’c%ﬁrdegal%}q%gl :fﬁre&l%ﬁl rgﬁgfoggsesggi ng
period 544 (i.e.,pdine SARistlayE 0L 68, asgva? ndprtadallying bretsag; petriod 5pd.edi ct ed
breakpoi nt occurs,in the fourth.processin rjo 546. Further, the

.downst ream dat a a‘?“ftﬁofofuéﬁ?”c}?fwl (}gilgtrhﬁiaéﬁémﬁ%’?Pcﬁéh%&%wsﬁgﬁmiafu@&%@alﬁ%ct i on

si ze includes;gl6 gadnd 4b3 aERBIThS héder Br &FhransaifdntdatiSo b pUREE! DhRASrdkmat it
wll-~fill lane "0" and "1" of the fourth processing period 546, in order to
conphet e the tranSBgeighlogzanRes 433 ihay arragpy ibrdadssniaiibe rowriBng Janeshor
‘downstream arbitrati LGt fﬁp@! i =Quous
ilanes to be fill e@g \%\n&? %&?lt%g&ﬁlggggﬁé%ﬁ%zw@gégﬁ%?%ﬁ%{ﬁt S. #l‘l(l)év%gsvfeé?ﬂg lg%cause a
‘breakpoi nt wi |l nidnsdatiomaccurring during the next processing period 544, it
/does not indicate, durin rocessin eriod 542, ~via the downstream

'br eakpoi nt si gnal 462,6@%&%%Tﬁ%ttls%is%fig%%‘ﬁ?sﬁﬁamémi‘ﬁWIH@?n??mf dad, as is

di scussed bel gw. thiiss kiRdirabb@iof ifs dHB0En G &b dMMEHEHS HBdiREs] RBascat4. 24
WD 2005/ 038660 PCT/ US2004/ 034475
: on knowledge, by the downstream arbitration logic means 422, of the transaction

size, which was previously stored in the command queue 412, In the illustrated
example, the transaction size is 16 data fragments. Accordingly, the breakpoint
will not occur during the third processing period 544 (i.e., the next processing

20 period). Instead, the predicted breakpoint occurs in the fourth processing period

546. Further, the downstream data arbitration logic means 422 knows that its

O transaction size includes 16 data fragments (D0-D15), and thus it determines that
it will fill 1ane “0” and “1” of the fourth processing period 546, in order to
complete the transaction.

25 Referring to processing period 542, the downsiream 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.

3¢ Instead, as is discussed below, this indication is made during processing period

544,
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During processing period 544, the downstreamarbitration |ogic nmeans | 422
causes the entire data block to be filled wwth its transaction data

(D6-DI 3). Now, because a breakpoint will be occurring during the next
processi ng pewbados/obsiée downstream arbitration | ogi ¢ neanspdgdsddizeat es,
via the downstream 5 breakpoi nt signal 462, 530, that a breakpoint is
upcoming. In addition, downstreamarbitration |ogic neans 422 indicates,
via the next downstream | ane signal 463, 528, the |location of the
breakpoint. As the ne downstream | ane.,.signal 528 of, the exanple of Figure
5 indicates, the br eaﬁwpl\?ﬁsfm%g %‘%#hgﬂgwm‘ A B‘%ﬁ?ﬁ A& our t h
processi ng peri od4AGusdsandMieife 44 BloclsRWe=GRled MRIN ifsatdnOabtidR ARG (HEHH1det er m nes
(via signal 530) that a breakpoint will be occurring in the next processing
period 546, meansMNa¥ebepayse aduedkgeint wilkhereuring dpiing the nexreeseEngputde (i. e.
t he downstream so | O LK . ): ce (i.e.,

t he | ocal source,yﬁliélcﬁﬂ?mg{:ehﬁg%ébﬁ%ﬁ%?g C; e% d%z?imﬁgg%thsgvgagg%e%ﬁ?% 546. In

t he exanpl e of s Fi puealepobt signileio2 skl tet 4 Brealipoirtt isitpcomingnilh addiiogeci des to

grant the bus to the local data 506 (R Tl), .which had a pendi ng reguest

fromthe second p DEBEETH G BEFI0B 0% ?@ﬁé?ﬂ%%%%%@%ﬁ?ehggﬁwsﬁ%@? r epeat
itself. As di scusgggh)ab9veg hekrhtid did td@ink. 08k heRaNGowkkfedR thydownst r eam
arbitration |ogic nmeans 422 arrange their data so that the |l anes of the data

bl ock, 20 for ansigel véhobihe ceaepingl igureSdndigates, therbreskppint will destir inilate ei t her
| ocal or downstreamdata.. | A one.enbodi-nent, .thi.s is done as follows, using
the exanple of tﬁigﬁg%“’%ﬁ %%rghsé}?%eg%lgg})%ﬂc?dégﬁ‘ (Figure 5). Arrange

downst r eam output Meanwhdd htératicy abittativh givahs 41@actdrainds ¢rakignardvy that i on

| ogi @eans 414, which i_ndi_cgt es the next lane in, Ar r,ange 25 downstream

out ptit- means 432 & HERHOEYIE P8 SORURENEHB Afhext POCHRBEPSTIeG  He MegRSBRINSY t hat
processing peri odgectds 19RRnEMRREL RAL sanie”sfoefcq?ite.,qae HOwREreaniGtiddSH len the
‘header is retrieved fromthe command queue 412." In addition, means 432
retrieves the dateyreht evmphe odwrsthersmiratdi.a, thefdcel sot@, inkhe emtpst downst r eam

preftranemit datatBToNE o Comeirorial i b e lped TRl SRR o
example, if the ngyfiratianenit M4 Secl@BR grint'thd i Ro BicNedYatd GOH . IrBIaW Lk put 25
had a pending request from the second processing period 542. The process then
continues to repeat itself,
As discussed above, local arbitration logic means 414 and downsiream
arbitration logic means 422 arrange their data so that the lanes of the data block,
20 forany given processing period, are correctly filled with either local or

downstream data, In one embodiment, this is done as follows, using the example

O

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 ouiput 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 gqueue 412. In addition,
means 432 retrieves the data, from the downsiream data buffer 420, Arrange
downstream output means 432 arranges the header and/or data into a

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

For example, if the next lane in is lane “1,” then arrange downsiream output



WO 2005/ 038660 PCT/ US2004/ 034475 means 432 woul d pl ace the header in | ane
"1" of the downstream pre-transmt data bl ock 442, and woul d pl ace the
first six data fragnents (R_TODO through R TO D5) in lanes "2" through "7."
As di scussed woevisaussky, | ane "0" of the data block is al 'ﬂ?ﬁﬁ@ﬁoiﬂfﬁdﬁe 5
remai nder of the data fromthe |ocal source. Accordingly, arrange | ocal

out put neans 430 woul d place that remainder data in the |local pre-transmt
data bl ock 440. Specifically, it vvoul d pl ace the | ast data fragnment

(L_TO_D7) fromthe transaction into |ane "0" the | ocal pre-transmt data
bl ock 440. |n or dBFASEHaneilpplese indeadst g lwet‘ﬂ ﬁf th%éowperqarrapemamaata

blocks 440, i o 4@%ab!0@1§%2 %ﬂ!ﬂ!%ﬁl@l@de&l’i?@ﬂ%ﬁﬁﬁ%ﬂg@%ﬁ nga“ns > D fhrough

"] ocal / downstream sel ect" si ata asse
assenbl y neans 45&}@1&)5}&@@1@8‘r‘ﬁé’athlsmchb?”assenbl ing the data and sending the

‘data over the upstrea i.nk bus 452 .d at

period. In one enbodi %ﬁfhso\{sﬁ%dgﬁ’%%lg]‘sl%g%‘?s 8%%169%2’&0?{ W%H]é‘baﬁe .

signal 15 having em;ﬂﬂéﬁéfmédb:btﬁ%nml@ﬁooﬁpsromap%d&dm@tytaﬁ & ofbut anes in

the data block stricture. In the given exang. , the Iocal/dovvnstream sel ect
Ao

signal 460 is an méiif@r'ﬂtf"olﬁ’ﬁtlﬂ%ﬂ@@?aﬂhat eRaindoraly g;qlogaépree‘gg@mtsda@etblgclq ane. |f
bi f nbl
FLIERRERIEE SR M T

| ocal pre-transm narda(ttmnbhmdbmeétm,ofﬂj&dodafprﬂ@rahm:mtldaﬂabilcs:kl4l40a second state
(e.g.,1), it may indic ethat shoul d_be retrieved fromthe
correspondi ng | ane of dﬁd&ﬁ@ﬁ%ﬁ%ﬁﬁa@aw Preé‘éat“émbtld@&%o%f‘;bor vi ce

versa. For exagml g ﬁﬁmaeaeolﬁwnxﬁéaamia&ﬁ@éa%éamwh&?eahp@éc{ ptream
.sel e@ si gnal 460 corresponds to lane "0," and the |east significant bit of
5

t he si gnal coﬂﬁf(btgpbmsmmbljf msens'450" Dagsassentay swandvii0 includdsuenedns " 0"
i ndi cat t he | d i nd the.d
0 cates, e, |ocgl g 00, WSl Sk DGR Ghethe gt pem

| ocal / downst ream @ﬁirgcgdasgIg[ea{trﬂﬁgnmlp@nomave avalueof "01111111".
For the fourth processing period 546, the %_gal 460 woul d have a val ue of

110 0 0 0 0 0". 30 I Fekerodmssiliadaey dowpiteamsPiecaemabdfibiiasians! whi ch
particul ar |ane e%{% AT 3%8%{&51: cobBsE b oY B e theddars B1EE

indi cate the Ioca ce an
structure. In the given example, the local/downstream select signal 460 is an

eight bit signal, where each bit corresponds to a lane. If a bit is in a first state

(e.g., 0) it may indicate to the data assembly means 450 that it should retrieve

data from the corresponding lane of the local pre-transmit data block 440, and if
20 the bit is in a second state (e.g., 1), it may indicate that the data should be

retrieved from the corresponding lane of the downstream pre-transmit data block

Y v
’( D 442, or vice versa.

For example, assume the most significant bit of the local/dowmstream
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” mdicates the
local source, and a value of ““1” indicates the downstream source. For the second
processing period 542 (Figure 5), the local/downsiream select signal 460 would
" haveavalue of “011 111 11" Forthe fourth processing period 546, the
5i signal 460 would have a value of “1 100000 07
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
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WD 2005/ 038660 PCT/ US2004/ 034475 "0" could indicate the |ocal source. In
still other alternate enbodi nents, the data assenbly nmeans 450 could
determ ne which source to use for which lane using information that is
differently fpnoREb&dso | N still other alternate enbodi mentggriizo038pafaAt e

| ocal pre-transmt data block 440 and downstream pre-transmt data 5 bl ock
442 m ght not be used. Instead, data fromthe | ocal and downstream source
could be placed directly into a single pre-transmt data bl ock (not

assenbl y means 450 GPUBRBLEUR FIRQUAaLINER OF SHheries s ool it MR oo | s
granted which Iane%);emﬂmlﬁ{éeﬁﬁéiﬁoob%ﬁi c%?e%%iﬂé'ﬁhi%ﬁs%ﬁﬁ:ﬁ@@sﬁﬁ%ﬂidﬁilm@%h@ ovi de

the 10 data in the single pre-transmt data block to the upstreamlink bus
452, In one enbodinfreretion that is diféremly fermsetrd. singilllotlsp 2ligpategmbsdiatents, 3 ower

eieney Lhen by, gt GULLRS O S LRbetey '

- frequency. For exaripdda,mipiit nndt ubyd, dastcadf ddid frodaks ooal dnb@ownitemmal cl ock
tsignal 502 could 15 operate at frequency, in the Megaher ) range,
‘while the Iink bu?WP&E‘Rﬁtb&ﬂgﬁcag éﬁwlgﬂlaoatsmépefﬂr%-&wﬁ?tﬁ%f%wé%gahertz

(G range. The ke 1iohAKnoBRNRk hiiPndtekedlirPloRriald operate at

hi gher or | ower data fréequenci es, o Inaddition, the clocks could
operate at appr oxissady yethed Yanfehe eonfigenidyn of thelanesige., eiindboweaiss. 20 Each
| i nk bus cl ock cycl dat r ovi ded dat a., assenbl ns_ 450 can . be sent
over the upst r e VB 15D Iy e a B ARRES 2 ST Ay Bk R an S oy
out over the Luostdawﬂmthémilbpﬁe-&aﬁﬁnﬁhﬂatm@tsﬂiegip@trégﬁaliﬂcbhﬂmtransm' ssi on
peripd," where a data bl ock transm ssion period could be one or nultiple

li nki_bus cl ock cycl ednoapgnbodimen} theiatampkelocktignab0ARper@ss 26 10WeHi t at i on,
assune each data i ‘el 4.ihi link.bus is 32 bits
wi de, then two ||‘?‘%<qq‘%%¥ﬂé‘iﬂ§%%§9§7 celgé%%bﬁe e glése%ﬁ%]%ﬁ%élﬁ one data bl ock.
In this exanple, dppeximacyendytepd miltige bf th idiersalcllatisignalb@? beubney. ti mes t he

R R T R
For exanple, if tép%rétmtearﬁbaq[he%ggs mmegn;&@(q\mﬁ) rafide, #88e WdAmkthe clobipk bus

cl ock coul d operate at abo
could operate at a frequency in the Gigahertz (GHz) range. The intemal clock

and/or the link bus clock could operate at higher or lower data frequencies, as
well, In addition, the clocks could operate at approximately the same frequency,

in other embodiments.

20 Each link bus clock cycle, data provided by data assembly means 450 can
be sent over the upstream link bus 452. In one embodiment, one data block is
Y sent out over the upstream link bus 452 during a single “data block transmission
NS

period,” where 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. Tn this example, the frequency of
the link bus clock could be two times the ﬁ'equencj‘/ of the internal clock,
agsuming 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 8§00 MHz.
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WO 2005/ 038660 PCT/ US2004/ 034475 Using anot her exanple, if the data bl ock
is 256 bits wide, and the link bus is 16 bits wde, then 16 |ink bus cl ock
cycles could be used to send one data block. Accordingly, a single data
bl ock transm s%infk@edhod woul d be 16 Iink bus clock cycl gsthen@sodshst his
exanpl e, the frequency of the Iink bus clock could 5 be 16 tines the
frequency of the internal clock. For exanple, if the internal clock is
operating at 400 MHz, the link bus clock could operate at about 6.4 d 3z.

.The above exanpl es assyne th a nunper. of bits co ondj n he width
of the link bus is sentﬁg’gﬁﬁn‘g{gﬁrﬁ"?}i’lg% Bke @Fao@?"kc@%ég%%wﬁie g‘E¢£1t%?ttll‘r"}|(_si ng or
10 falling clock eagR)6 bitenwddd GeRdbFinR BROLLERE RS AL bt Bhedl DR e datd S
could be sent out each clock cycle (e on-both the rising and falling

cl ock edges). In bhekeAceirdinglyat énghﬁe@%&@hm@mmiaséommrmdiwl pedbdimka bl ock

transm ssi on peri ifferent from.t el Sone
of the functions gﬁs %iﬁééﬂ %S%egfc{n%dms[%mg%[e, %&:‘Qﬁlﬁ e?%%ﬁﬁ%@%gggg%@gti on
Idogi c méans 4|14, 32];2]5 ﬁﬁkﬁt}ﬁ(ﬁﬁqderbﬁ opﬁfefimféﬁetblbdk. %namwG le,'glﬁﬁ:ie in@ral be
epicted easily in owchart for Ther efore Figures and 7 are now
described, in or d@ockﬁoﬁFWP&%t@@%mﬁh%b@t% iCRY I oPeraff? P‘i’“cﬁ-fg ‘
enbodi ments. Figuggyb illustrates a flowhart of a nethod for requesting
access to the bus, I1n" accordance with an enbodi nent of the invention. In
one enbodi nent, all 20hozboyertingies sstumddatrenmdr obilscomespending todae by

local arbitration_l.aqgi ans 414 (Figure.4). and/qr d stream arbitration
1 ogi c nmeans 422 (ﬁﬁl@g#’ﬁthg_?{“ﬁ?’ﬁs 1558 @Pg%ﬁ%ﬁé‘&%ﬁﬂ%‘f %‘f(’i{ %’Pf?g?-gm?ﬁ&ri‘s&}}ﬁﬂ’i el enent s
icoul d performal | £9lnd Q64K H28). Gh altérfigte BRbLE@hent O BWIRO&RT bt 688 GE k@t i ON,
the terns "first source"” and "second source" are used to describe an entity

requesting access O¥iFachelotparcielam wadotipthe pas and Biing clgck edges)mimivess o
specifically identjfy,L Q%%R‘!"@%%Jétﬁqé% g&%@@ﬁ %ﬁaﬁta B64 Mn@tﬁﬁéﬁ éllr}%glgﬁ a%??dns 414,

422. The net hod begi ns, etermning wh roma
Ifirst source is avadiffebdnefitborthe exangidsgivearnbower the upstreamlink bus. In

CiTobe 30 o1 gnal (e, goomepF BBAEBR SR OB GAWES . et HBFFenbod mant
the determ natk on,gaehidn ki dRESs412102, 21 dRild SRH6EASE inS/Rkine? B8, (€. 9.,

signal I

be depicted éasily in flowchart form. Therefore Figures 6 and 7 are now
described, in order to provide further understanding of the various embodiments.
Figure 6 illustrates a flowchart of a method for requesting access to the
bus, in accordance with an embodiment of the invention. In one embodiment, all
20 or portions of the method could be performed by local arbitration logic means

414 (Figure 4) and/or downstream arbitration logic means 422 (Figure 4). In

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 buifer empty/not empty signal (e.g., signal
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28 WD 2005/ 038660 PCT/ US2004/ 034475 477, 467, Figure 4). The determ nation
could be made in other ways, as well, in other enbodinents. If no first
source data is available, the nmethod waits, If first source data is

avail abl e, them Lbgyskishst source sends a bus access requestryifiePd ek 604.
In one enbodi nent, the request is sent to the niter-source gU %ltratlon
means 416 (Figure 4). The inter-source arbitration neans 416 could receive
requests fromother sources as well, during a particular internal processing

period. The inter e ar bi n neans 41 onsi ble for :
arbitrating the H@Z’ré Fgge C?ﬁ%gt?%%gﬁgoqghaﬁﬁﬁﬁ? & Ypeedsvelh ip one
enbodi nent, the fiokk e@%’dﬁﬁnﬁé@[ﬂ% ﬁ@aso@ceaaaﬁs avlaﬁméltth@ﬁeﬁla@wah@e 0
|nter-source arbitration means 416, in bl ock 606. In addition, when access

is granted, the first I%@iﬂ?@@rqed@wss amlalzie,rtbmthb frs scaved $ealls @busmgicesat or from

the inter- sour ce, itr n The l.abl e indicator
Lol s the first - SaPrb bRy R bl e e AlE SHRURAR IR et
within the data blaﬂﬂkamimnms am&ﬁmeﬁﬁwﬁeeﬁtepﬁm&wa@dmméélslz;m(alabmak 608,
the first source then arranges its data within the data bl ock, _accordingly.

I n one enbodi nent Te‘i?ﬁ’tea{e‘i‘bes'félﬁroﬁhﬁhﬁ SRRIEPS 4% Yoikle @?ngr?oﬁ’%ﬁ?}’rlfé“-mfte@éhsm ssi on
data bl ocks (e. 9. nrQlQeks, #3Q, T Rersb@Y Er‘n@atmn?é{ gEesp SHESRSI Ng

peri ods, only one source pl aces data W|t In the I'1e during
iot her processing peritrgihg, thaincomgtbus mpesouquees, qnﬂ@czmtldgtaecemthl n the data

20 bl ock. A det 1 nat 610, ther the f
Transaction wi @ be colbist S aIPgbs RECHUN s ASckea pabH S9m Mot~

then the ~i fipr StniE0suER LRhiAURSNS 216K BREC6OS, SInGalfodd Witinhctdigisnext data
bl ock— Si nce the transaction will not corrpl ete dthat pr ocesslmg peri od,
then‘\all |anes of stamed, hedirsigomse insks foy angxtianscieaitdbile mlde:a@ofrg QI t he

first source; The proogAlao RN 48! 3hehen IShAbu] SaflBherdl pedhat the

first source's transac pr 0C€ssi ng
period, then in bloaks &hee itdheulflibesih tcsplaca:aeheaderchndairésta, Wmhlhlﬂ& datiIgeeksour ce
arbitration unit 416 S} i@ére i% t hat-.a breakpoint 30 will occur. In
addition, the firQfng cled fydrasmisigi-cat i on of where the

15 In block 608, the first source then arranges its data within the data block,

accordingly. In one embodiment, data is arranged within one or more pre-
transmission data blocks (e.g., blocks 440, 442, Figure 4). During some
processing periods, only one source places data within the data block, while
during other processing periods, at least two sources place data within the data
20 block.
‘ ) A determination is made, in block 610, whether the first source’s
I C fransaction will be completed during the next processing period. Ifnot, then the
first source continues to arrange its data within the next data block. Since the
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 nexi 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
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29 WO 2005/ 038660 PC/ US2004/ 034475 breakpoint will occur. For exanple, the
first source could send the identity of the next |ane available after the
end of the transaction. During the next processing period, the first source
t hen arrangeswanyossee®i ni ng data, in block 614, wthin ongcpisispd@.fkr st
contiguous lanes within a 5 first section of the next data block. If no
data remains (e.g., if the breakpoint occurred after the last |ane of the
previ ous period), then the first source does not place any data within the
next data bl ock. The nethad then.repeats. .|f. the inter-source.arbitration
unit 416 (Figure Heglﬁpé’érftd‘@g OP%“ng%%WE B first sdigee pould s ctgﬁﬁi%g Wi%e, then
data fromthe sec@rGesQuics hblE atig th @aed s tidk4attiod0 one or nore second
contiguous |lanes within a second section of the data bl ock, where the second
section begins at a neRripmihe newredessing pesiad the Sips seprehthemarrmeges gy | 4 F
section. Once the 3 k.. i =Y t | t he
second source da{egﬁlgrﬂneé) é@%’tﬁ n'(‘t)a\?/ogg ?ﬁéﬁ %ﬁgm ugril??]%%?%g?%k%ﬁg%%ﬁmﬁ@%assi on
period (i.e., s5onérsosection of thi nkxtias dokc K mydutenainkSe. ki, fithebkakpdintst rat es a
flowchart of a nethod fo antin ccess .to the bus, _ip accordance with an
erbod ment of ¢ heoRTENETGIIe e lerfg?eoafélmavwrae,malaf egrthe ﬂﬁr B98¢t

net hod coul d be pﬁfaé@iﬂ%téj@fﬁﬁiﬂttﬁéﬂe%f)&gté:ﬁoﬁi brHerAbthO iR HrfeatsmeaNs 416
(Figure 4). In other enbodinents, other functional el ements could perform
all or portions of thelfffesintsersomoe ahiration woth IWe@iiguee 4) declsios tkgr@2he tisen a
'bus access request _i.s received fraom.a f.irst source. For.exanple, .a.bus
acceas roquest coliftipbseaHL tipes S afta e e ARPPL Fuste ViR Rstvahin 4
(Figure 4) or 1t heogtoymsdre eeitha bbitighalsd 1emes MoGirCa sdtBadSechaR of fhie Auia dlatk, At
different tines, the inter-source arbitration logic means 416 could have

fromzero to many b Ricweedyl seelpdeins genrnhine.febish ifponeudvatvithibe first
eatesters had nolg e, el AR IBHBL ALRMYD DT |
‘consi dered idl e wencenttodrheent soertioehissiudng # dat bock transission peripddiet he bus,
and no other requests are.pending. |f the bus is idle, then the
inter-source arbi ??eaqri%%eﬁggﬁgs gg%‘%l?@i ndicate, to the first source, that
30 it is granted accespigh® *iGstRis.a idvchhP6ka rhdthod Rt @eldinki208bss t08e bus,

i nter-source

in accordance with an embodiment of the invention. In one embodiment, all or
portions of the method could be performed by inter-source arbitration logic
means 416 (Figure 4). In other embodiments, other functional elements could
perform all or portions olf the method.

20 The method begins, in block 702, when a bus access request is received
from a first source. For example, 2 bus access request could be made by the

local arbitration logic means 414 (Figure 4) or the downsiream 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

30



arbitration nmeans 416 may indi cate where a breakpoint wll occur (e.g., an
30 WO 2005/ 038660 PCT/ US2004/ 034475 identity of the next |ane avail able),
in case another source is conpleting transm ssion on the bus during that
processing per'(?ﬂo. _!}Qe bl ock 718, the inter-source arbitration neans 416
(Figure 4) maQb BBt rol the assenbly and transmi ssi on PEAUSRYVHE
ithin the data block to be 5 sent. In one enbodinent, this is achieved by
Fendi ng a | ocal / downstream sel ect signal 460 (Figure 4), to the functional
el enent (e.g., data assenbly means 450, Figure 4) that is responsible for
nmul tipl exi ng and sSéumtitynef thdieexd &iha avaikblel, e cast pedtheaomdet ikcomigetinghe net hod

then ends. Referring back to block 704, if the bus. is not idle (e.g.,
anot her source is RFUSHIGH eRFIEUR Jugn: EHPreReenER TG er requests are

pendi ng), then a det er i pRbE Ok, ki inféﬁgﬁlr%&lﬂﬁﬁor@m%_ﬁaﬁBQF@hré’ﬁglrﬁayQﬁ&Pr
during the next processing period, in block 706. This determnation is
made, in one enbodpneditihe dsyerotls end iragmassimed ipolatn witlyh dimeadatq blogk {o tsi gnal s

472, 462, Figure 4) .provide t sqQurce that |is. usi.n he .bus. |f no

br eakpoi nt is &pcgé?thg?og%%ndb%ﬁ’ i't %c.%leﬁé]?}f Seéla’sgg&rlggal}tdﬁ‘gfmfe@csﬁie?tent ly
usi ng the bus i ndistablesot(RRined)ploahdk potidnalélbhent 0& g.utate Bssehd nR¥dns REG.CESSI Ny
period, then the identi t% of the |[ocation, of the breakfoi nt i s determ ned,

in block 708. |In GhBiUeibBalFessponstieior guitnlewgsdsprding Peeorvet thes

determ ned by obs I nex - Shonal (e.g., signals 473, 463,
Figure 4) provi degﬁj%/ t Iglks%ﬁ?ggé?ﬁgltogi%smfggﬁg the bus. 20 In block 710, any
pendi ng requests are aRefdmededk (¢ blode? @Y, of thebushionetiilile (e.be aguthartsevkcaiscess to
use the bus next. The ; rbitr‘@\t'bon lgr cess can use.vari,ous .criteria, in

det ermi ni ng whd wiTPASTREe AicBe BE: PLOTHACHIGE'S 4% RyBtiBEkiltvar HFTsHaRE, in

bl ock712, whet heryidaeHeihesh bealyoae mm&&a&&%&b aeﬁ\p%cegéiﬁ%ﬁéiﬁdg%mqklf so,
t hen bl ocks 714 and 718 are performed, which wer e “described above in nore
detail. The met hod0fh&hisdaiggningtion iaafe,is pnsauhasanes, hioebsgving drcadpeass to

the bus in block 7; en. j r=sSour roitrati 41 y
indicate, to anot K ais%%i’g@ggggi’%tgg’ Fl?%gﬁggﬁogﬁlggé‘ég%sessgp‘r c‘):g?%g%so%sgl%tﬁﬁat it
s granted access bug Iffe bbakpointis bp@eking] e méthod adid.ti on, the inter-source

arbitrati on neans 416 npy i ndi cate where the 3% br eakpoint w IaL occur. (e.qg.,
an identity oft he next! ¥ spnesedlaiiy cpreatly gk bygwdicates that a breakpoint will

‘ cccur on the next processing period, then the identity of the location of the

I breakpoint is determined, in block 708. In one embodiment, the location of the
breakpoint is determined by observing a “next lane out” signal {e.g.; signals 473,
463, Figure 4) provided by the source that is using the bus. '
20 Tn block 7 10, any pending requests are arbitrated, to determine who will
be granted access o use the bus next. The arbitration process can use various
C: criteria in determining who will gain access to the bus.
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
’ 3¢ breakpoint will occur (e.g., an identity of the next lane available). Bleck 718 is

: then performed, and the method ends.
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then perfornmed, and the nethod ends. 31 WO 2005/ 038660 PCT/ US2004/ 034475

The hub architecture is described as being inplenented primarily in
hardware, in enbodi nents descri bed above. In other enbodi nments, one or nore
el ements of t hitecture could be inplemented in firnmwa

sof t war e, asafuﬁgﬁﬁgégof i nstructions which, when executeﬂcﬂysﬁamm*”“

m cr oprocessor or other 5 conputing device, perfornlthe sane function and
produce the sane result as the enbodi nents described above. Accordingly, a
set of computer-executable instructions for performng the functions of the
hub coul d be stored onllae hdborgiteenzeiedeksbibed avddingrimpergnicdprinardy di sk,

optical or magnetjc .disk. i ytuall ot

conput er - r eadabl eh%‘éﬁrﬁ’rﬂiﬂ %h%enés%ﬁ b&ﬁ aﬁqVﬁeh%é@e%#%qdﬂ}geqaroge86%8& be
included as a par tle@tntdof theheb bfcBitécturs X618 B innblemERedin fitipdre of &Ftvaie,

el ectronic system in accordance wth one enbodi nent of the invention.

Figure 8 and the #0966 pgnaruwtomsyigharken croputeddyd T6TIPEeReEwE opOthel ef |
general descri t| 8 [ [ t f the
Pventi on may be Ll dPiihh ARisbel e AP EERlod fha MRLEL AR AR Y 1
that the i nventl oembmiymbms desedbidcabdved Atcoodibgy, m@npmomputamwmble v
configurations, includi ng.hand-hel d.devi | ti essor st ens,
mcroprocessor-ba%’éﬁuCSPnngQF W@em C?in}gq]é‘&‘f‘%ﬂfﬁ Orﬁ@:f’ rk personal
conputers, i ni CopmkhRErSeadiBicnhéRimR (§§”@H&r§rd§k ﬂﬁk@%%gﬁ@ﬁ@&!&l@’l@@l\da”d the
i ke. 20 The system'shown in Figure 8 includes a general purpose conputer

1800, which incl uBéd/, @erbxallmseotbcrd@mtmadmlcmeam) a North Bridge 812,
'system nenory. 814, a I nterconnec arlous system
conponent s, X%I may bggaﬁf)ﬁ%’ bbr %I%)?%'é% Jl%%%lc ?(g%staul?aéi #he North

Bri dge’ 812 acts aaeafbnidﬁyerreﬁla@g@eemﬁaﬁehm syaiaan fuemd2liccd@aggdyithe
processing unit 810 and system nenor in one enbodj nent. _Accordingly,

'the North Bridge @eripdiheesf kg inyenfi i/%uﬁlgéfﬁlgﬁi}fl terfoBywing iscussicarare and a
’n‘ermry control | ermtén@ccpﬂ%ebr H@@Qbﬂ&n%enc}ahﬁe (ﬁ'r_F, sgﬂ%ogéﬁn%?ﬁ?nﬁﬁm ain a

link controller, inlieu‘of a menoty contr ge 812
‘conmuni cat es wi t hwhick spibodiessisrd thmnven&mﬂ)maybe 1rap1pmemie<$376hosblsk1118d61 thand 30

‘communi cat es WI t ha:% Xﬂﬁf apprecugo {h%t t%e mv %\r{t%n glaynt?enlg)ragtme& Wlt% o%her computer

system conﬂguratmns including hand-held devices, multx-processor systems,

m1croprocesso1-based or programmable consumer electronics, network personal
computers, minicomputers, mainframe computers, database computers, and the
like. '
20 The system shown in Figure 8 includes a general purpose computer 800,
which includes one or more processing units 810, a North Bridge 812, system
C memory 814, and a system bus 820, which interconnects various system
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 controiler. 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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32 11 WD 2005/038660 PCT/ US2004/034475 The system nmenory 814 is
configured in accordance with an enbodi nent of the invention. Accordingly,
system nmenory 814 includes one or nore nmenory nodul es 824 (e.g., nodul es
208, Figure 2o hvébfgn. system nenory 814 could include gc%}ﬁ%oﬁ%gg;ol | er
(e.g., controller 206, Figure 2), 5 and/or read only nmenory N
and/ or random access nenory (RAM 826, in various enbodi nents. The conputer
800 further can include a hard disk drive 827 for reading fromand witing
to a hard disk, not shown, a magnetic disk drive 828 for reading fromor
witing to a renovabl e Thagritan siegonks g configgredrn agpordsare Withgn10 dri ve 830

for reading from Wi 1ol et : L di Bt inSi D
ROM or ot her opti ggllb ﬁ%ﬁﬂg&t#ﬁgﬁﬁlaﬁoéﬁgiﬁgggﬁ F@%Z%ﬁl%ﬁggnelﬁca%i@ﬁogri ve
828, and opti cal qiizcskndniov;elmaﬂes:m (bg.,mdnbg:%&jﬂgm&h)_e RBythepmyders 820 by a
opti cal drive T nEBTE S BSHIE s BERE RS Pl e ko ob g DartEERe Phquect s and
i nformation inko LAGLLREPHAIGMmSRRy @Ds, anBBEEandoM 2:68Ss meHGHy @8 ) keyboar d
840, pointing devi cecf842_or?ot her an%ﬁlt; devi ces a'nnot asho?)vn). ﬁyhese %lnd ot her
i nput devi ces may 8Be B ypERSIEEMOdiGPocessing  units 810 through a serial
Sther interfaces, suoh 45 SySRRARP ik i RUSHEN oy 3BY B, ERRAET o0 ™Y
serial bus (USB). fnmomiwidtingk4 4 hatd ditihaot shywe, Dhaglietpliy ddey82efoal so  maybe

connected to the system bus 820 via an interface, such as a videg adapter
848. In addition THHAETIRAT VHHIE P eai¥atdsinagirtia dss SEdandde optigr fisk

peri pheral ~i;you i : howea) : > . d i.nt ers.
The ggsrput er 8180 Hnggé %%gﬁgfﬁain%q%h}lgltmrl l?etg%g%\%)f%ﬁr@%?glﬁg%n?lf %‘5?“35 25
4

conn ons to on&IbROMDpecthemptical oomdputite hardstidhdrae 887 yreagptetic dohguver 849.
Conmputer 800 and r, te co ter, .84 be clients, servers uters

networ k personal §gg%ﬂ§gpg&?gggldng%§}i%ébSFOWﬁTgﬂg%@ﬁﬁmenﬁg{lW yn%fi;jaég. The
igg%i cal connecti oagkdeRt ali@hck 83FiaGHiR e diRCliaanRihQOT83, aida dRic¥Iive (LAN)

mterface 834, respectively.

15 A ‘user may enter requests and information into the computer 800 through

|
i
} input devices, such as a keyboard 840, pointing device 842 or other input devices
‘I (not shown). These and other input devices may be connected to processing
| units 810 through a serial port interface 846 that is coupled to the system bus, or
may.-be connected by other interfaces, such as a parallel port, game port or a
20 universal serial bus (USB). A monitor 847 or other type of display device also
may be connected to the system bus 8§20 via an interface, such as a video adapter
3 848. 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 commeon network nodes. The
: logical comections depicted in Figure 8 include a Iocal area network (LAN) 851
| and a wide area network (WAN) 852,
30 When used in a LAN networking environment, the computer 800 is

: } comnected to the local network 851 through a networlk interface or adapter 853.
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and a wi de area network (WAN) 852. 30 Wien used in a LAN networKking
environnent, the conputer 800 is connected to the |ocal network 851 through
a network interface or adapter 853. 33 WD 2005/ 038660 PCT/ US2004/ 034475

When used in rking environnment, the conputer 80 ically._

i ncl udes a no e\néﬁ%\l gstgegmot her means for establ i shing connuﬁ?@ﬁ%oﬁﬁ%4%ﬁer t he
WAN 852. The nodem 854, which maybe internal or external, is connected to
the system bus 820 via the serial port interface 846. It will be appreciated
that 5 the network connections shown are exenpl ary and ot her neans of

establishing a cwmmme@iainiadﬁéNIIiGMOM\mdmmmt dlenguupet s S@nymalmsed

Concl usion Vari ous nbodi mengi E nmet oﬁ) %dql ar at us assen&ﬁl ng and
send data packets’fi %saolggg.ena 495 PAF meApHIvg © ]r‘? g5e0et IB?FQYFI e 10
incorporation of %heNeshothdm®bddn B4, mhﬁbhqﬂaﬂeqﬁﬁeﬁﬁmwexwﬁmef@cohﬁ&tefdlwat i ons
that woul d be apparent to those of skill in the art could be nade to the

various enbodi rreﬁl@:fzystthéEW@/‘éaih?ém%@@effrl@@tﬁﬂﬂﬁﬁtsIHvﬁﬁﬁﬁﬁlaﬁmealla’ﬁedlﬁhﬁt not by
f ol t
T ustrated - runcer ShIRrRRARARTE M AARE A ML NI SRY RRE T RURANIRT DU

other and differ emmnrﬁﬁnéajmsiminhémbérmhksora}mﬂmsmpﬂoemmd.d be used to achi eve
the sanme function, in substantially the,s way, to achieve substantially
the sanme result, Further, the type of s@@ggh%thi n whi ch the enbodi nents

are incorporated coul dyfiyus Gidbb@RRRls o8 nibhodizhd § fhud 7o LULRILIRE Eng f ever or
‘different conponents than those illustrated and described, or The

conponents coul d mddﬁa@a@@mcb@md@smbfad@mgtwmad@mpnomfrihmr sone or

all of the functional nts, coul d be,i nt ed e. Al though
specg;r ¢ enbod rreWF%rp?Fgggg)BQ@ﬁ eﬁnp?‘ﬁglte?tét n% r%?@’rc Sﬁgﬁm M‘F%ﬁeﬁu % will be
"apprect ated by t hpgev&fld 8e dppwnytosﬂhbédoflsmlltlﬁlmeaﬁtcohniaderameto@ﬁer@@ga@ent t hat
lis calculated to achi eve the sane purpose may be substituted 25 for the

'speci fic embodi mefERodERg iAo WhiFye H@éﬁﬂ&fﬁsﬁlﬁ% Ip pagtigulay, hperrtibyivanall be
-apparent . to thoseygfi ndjch@%}in%eﬂén s anll 11'59"@0191 =L onRBE el Q%éﬁs iRk tedt he

application is i ntended to cover any adaptations or variations o
invention. It is fuacidnebblbyks andtetiebedidpbatuld bé differengrhd othebend diffeteed onl y by
g-t he fol I ow ng Cl ahmctxonafjblocks and steps could be used to achieve the same function, in

substantially the same way, to achieve substantially the same result. Further, the

| type of system within which the embodiments are incorporated could be

different (e.g., it could inciude more, fewer or different components than those
illustrated and described, or the components could be interconnected in different
20 ways). Further, some or all of the functional components could be implemented
| in software.
CJ Although specific embodiments have been illustrated and described
| herein, it will be appreciated by those of ordinary skill in the art that any
| arrangement that is caléulated 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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equi t fis okslovB4uvs What is et ai-med.ige,dw,An electronic system —
co“np%é%@g@figgpggéssor, whi ch generdCé.M%,dm%ds one orogprezgrq_@owofél@é%%s e
s requests;,and nultiple menory nodul €s; operatively coupled togéether ~ f_344’
‘through a comuni cations bus, which return data requested in the one or

more nenory access requests, wherein each of the nultiple nmenory nodules is

ja data source, and a nenory nodule of the nmultiple nmenory nodules is

operable for io performng the follow ng: sending first source data over the
comuni cations bus, wherein the first source data originates froma first

data source; determ nes that second source data are avail able, wherein the
second source data originates froma second data source; 15 identifying a
 breakpoint in the first source data based on information fromthe first

| data source; basa¥hatis dldimediseakpoi nt, allocating one or nore first

rcontiguous lanes within a first section of a data block to at |east sone of

| the first source data, wherein the data bl ock conprises a set of nultiple
lanes, and each ljane 2@ elgdfhtidigftcm Blprigihg:confi gurabl e bits; based on the
breakpoi nt, allocating one or nore second caﬁntiguous | anes within a second

| section of the data bP@EResser BLich Genstales GRESHS PP AL BIFEOBLIFER dat a,
'!Wnerei n the sgpoqghugﬁgtah@n begins at a next lane, which is contiguous with

the first secfion;' and 25 sending, over the comunications bus and during a

' data block transni sspuiinsemetaery modulen opgratily uplst {qesHenraugB 3 i r st sour ce
| data within the fcb'iﬁﬁ i]'c?%Ebwmch%Q% g@gd(m_wetoggl&émgﬁgﬁ.t a portion
at a hin the

; of the second.source Wt second section of the data bl ock. 30

; 2. The el ectroni eceystegwsstsf whxireii gach of the mulégle mempryi medwdes is @data source,
| and 2 memory module of the multiple memory modules is operable for
10  performing the following:
sending first source data over the commmunications bus, wherein
the first source data originates from a first data source;
i dstermining that second sources data are available, wherein the
second source data originates from a second data source;
15 identifying a breakpoint in the first source data based on
information from the first data source;
| based on the breakpoint, allocating one or more first contiguous
. lanes within a first section of a data block to at least some of the first sowce
| data, wherein the data block comprises a set of multiple lanes, and each lane
1| 20 - includes a set of confignrable bits; '
| based on the breakpoint, allocating one or more second
! contiguous lanes within 2 second section of the data block to at least some of the
' second source data, wherein the second section begins at a next lane, which is
. contignons with the first section; and '
i 25 sending, over the commumications bus and during a data block
transmission period, the at least a portion of the Brst 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.
l
l
|

3 2. The clectronic system of claim 1, further comprising:
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ANEhgﬁpcggéEf 8 ki pie eontealler . _aperatively..coupled between the processor ™
and- _i t12RO08f t he mul ti pl e mempCLMBRANES, which | sooperahhe. o0t | jgpana
receiving the one or nore nmenory access tequests, and generating and :mUmﬂﬁﬁf?
sending one or nore nmenory access comands, based on the one or nore nenory
laccess requests, to the s nultiple menory nodul es over the conmunications

“bus. 3. The electronic systemof claim2, further conprising: the
comuni cati ons bus; wherein the nenory nodule is Thurber operable for: 10
receiving data fromone or nore other nenory nodules froma downstream
direction on a first part of the communications bus; and sending the at

| east a portion of the first source data and the at |east a portion of the

second source data toward the link controller on a second part of the

communi cat i ons badink ¢GteplerT ppsrativelycrarkdbetyeen dhia rspcesson pad at leaghmestn t he
menory nodule c [ , | | gt dos ' | ecei vi ng
downst r eam dat a ?*}%H@%%@S?#‘ ?r%urlr%f‘gﬁ%%upéﬂ%l\gg.}ﬂrtéﬁe C %ﬁ?i@ﬁ%ns bus,

. wherein the downgichaaccdd remess, ael generafing sl semlingraneds nwyre memeyond circuit,

which is operable for receiving,l ogal data fro ne ry storage

uni ts accessi bl ea?%sstq‘?g'“ﬁ’é‘ﬁ%:b?’%ﬁﬁﬁ eé’}“’%f&?‘&“hea acicg%gqux%%}%ttgﬂgg t he second
source data; andnRilfgh iemEiyEstules ovdtifititolsnunfratiaibas.f or assenbling the

" downstream data and 25 the local data into the data bl ock. 5. The

el ectronic systemof claim1l, wherein the menory nodule conprises: a first

circuit, which ig opefgbligtiosi syRGebIilam 5 Ayt spgmsiigi a froma 30 second
| menory nodul e over the comunjcations bus, wherein the downstream data is

- the second source dat &e COBMANEMOREPSHEET 28 1'f 200
wherein the memory module is further operable for:

10 receiving data from one or more other memory modules from a

downsiream direction on a first part of the communications bus; and

sending the at least a portion of the first source data and the at
least a portion of the second source data toward the link controller on a second
part of the communications bus.

15
4, The electronic system of claim 1, wherein the memory module
comprises:

a first circunit, which is operable for reseiving downsteeam data from a
second memory module over the communications bus, whersin the downstream

20  datais the first source data;

a second eircuit, which is operable for receiving local data from one or
more memory storage units accessible to the memory module, wherein the Jocal
data is the second source data; and |

a third eircuit, which is operable for assembling the downstream data and

25  the local data into the data block.

5. The electronic system of claim 1, wherein the memory module
comprises:
a first circuit, which is operable for recejving downstream data from a
30 second fnamc:ry module over the communications bus; whérsin the downstream

data is the second source data;
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a SE5MLy c ....I:’_SL.GpELabLE_ cefvq p-gwlc@al data from one 04: ......
nor e me%or?/{g? éoaéo e units accessible lg'g-Mg ry nodul e, 00kheras.not. bec LQ;3U4344-

data is the first source data; and a third circuit, which is operable for —-— -
assenbling the downstream data and 5 the | ocal data into the data bl ock. 6.
.The electronic systemof claim1, wherein the electronic systemis a
conputer. Il io 7. A nenory nodul a conprising: one or nbre nmenory storage
wets for storing |ocal data; and a hub, operatively coupled to the one or
nore nmenory storage units and to a comruni cations bus over which the hub

can recei ve downstream data from one or nore other hubs, wherein the hub is
operable for performng the is follow ng: sending first source data over the
conmmruni cations bus, wherein the first source datga, orlgéa EP torn a first

‘dat a source; deternini h@ﬁcomlr%dﬂﬁ@l@GWé@e repeiying I B O0%98r ein t he
. second source dat ig‘gﬁ&g’t ng!3 Wﬂ%&&?&{ﬁﬁl&@&rhﬁ%]béﬂl ng a
urc at a base on

|breakp0|nt |nthe I nformation fromthe first
~data source; baseda‘mrmmbﬁxsbsceadepbianmd al l ocating one or nore first

conti guous | anes wit h| é"ﬁl‘l‘é“;l chgq%%gabgﬁf%pi COWEW&M&%W% some of

the first source data?® I Ses a set mul tiple
| anes, and each | amdocdditaiioiiedatabloek. of configurable bits; based on the

I breakpoint, allocating one or nore second contiguous |anes within a second
section of the data block to at |east sone of the second source data,
wherein the secong, secth9fedRbicRFstéh ofclAaxt, wharti theklecttonicsyseoris hguous Wit h
the first section; and 30 sending, over the communications bus and during a
Idata bl ock t r ans FPBEWEH period, the at least a portion of the first source
‘data- within the first 37 rT,

1w 7 A memory module comprising:
one¢ or more memory storage umits for storing local data; and
a hub, operatively coupled to the one or more memory storage units and
to a communications bus over which the hub can receive downstream data from
one or more other hubs, wherein the twh is operable for performing the

15 following:

sending first source data over the communications bus, wherein
the first source data originates from a fixst data source;
determining that second sonrce data are available, wherein the
second source data originates from a second data source;
20 ideptifying a breakpoint in the first source data based on
] informatipn-fmm the first data source;
based on the breakpoint, allocating one or more first contiguous
| lanes within a first section of a data block to at least some of the first spuree
| data, wherein the data block comprises a set of muliiple lanes, and each lane
| 25 includes a set of configurable bits;
| based on the breakpoint, allocating one or meore second
contiguous lanes within a second section of the data block to at least some of the
second source data, wherein the second section beging at a next lane, which is
contxguous v.uth the first secuon, and
1 sendmg, over the communications bus and durmg a data block
transmission period, the at least a portion of the first source data within the first
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AVENRERD. -4 oC A5 - section-of e dat-a-blesks-and the at least a w-...
portionfggﬁﬁﬁéggggﬁnd sour ce data‘;fﬁﬁﬂﬂWSHéﬁﬂbpond sect i GW98of 28 Hed .@R0A y504344
bl ock. -8. The nmenory nodule of claim 7, wheréin the one or nore menory 5 —~-1=
storage units and the hub are co-located on a single substrate that is
'renmovably connectable to the comuni cations bus. 9. The menory nodul e of
claim7, wherein the one or nore nenory storage units includes one or nore
random access nmenory conponents. 10 10. The nenory nodul e of claim9,
wherein the one or nore random access nenory conponents includes one or
nore dynam ¢ random access nenory conponents. 15 11. The nenory nodul e of
tclaim7, wherein the one or nore nenory storage units includes one or nore

'rend only nmenory conponents. 12, T ry modul e of clali erein the
hub incl udes one WHW@G@H&IQWBSWQS%&Y%%MW@ AR s?‘#%ﬂ‘%ls 20 13.
The menory nodul in GleRknd secibesBhaddBloblb conprises= a first circuit,

Iwhich is operable tor receiving the downstream data froma second hub over
t he conmuni cati ons bus, wherein the dowmstreamdata is the first source

data; 25 a seconds Cir Gilolnenthy £8alSofMERALWEabEI S BRI Yidmbhery OCal dat a

fromthe one or Tiore nenory storage units, wherein the local data is the
second source 5 dadterppeumits and the hub aré calocated ouna single subsiate et B8 regevabls enbl i ng

- the downstream data an t he | ocal. into the data block. 30 - 14. The
menory modul e of ‘Eﬂ“&?qf’(rj“’ﬁ"" ee"r"%‘i“ﬁ’h%“g@"%gggconpri ses: 38 AMENDED SHEET ~g
n~0Q ..

9, The memory module of claim 7, wherein the one or more memory
l storage units includes one or more random access memory components.

10
10.  ‘The memory module of ¢laim 9, wherein the one or more random access

memory components includes one or moze dynamic xandom access memory

components,

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

storage uniis Inciudes one oo more read only memary components.

12.  The memory module of claim 7, whetein the hub includes one or more

!. application specific integrated circuits.

| 0

| 13.  The memory module of claim 7, wherein the hub comprises:
’ a first circuit, which is operable for receiving the downstream data from a

| second hub over the communications bus, wherein the downstreatn data is the
first source data;

25 a second eircuit, which is operable for receiving the local data from the
one or mare memory storage units, wherein the local data is the second soﬁrce
data; and

a third circuit, which is operable for assembling the downstream data and
the local data into the data block.

o o ‘

| 14,  The memory module of claim 7, wherein the hub comprises:
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L

s eeidiniedit) oY 2120066—conmmi-catons—blsy WESRFid T he downstream dat a, i s*the. - .
second ‘Sour¢cé data; a first circuit, »\i%%ﬁégdgperabl e fotrooﬁeg%éj 'Onéoﬁ

a first circuit, which_is, operable for receiving the downstreamdata froma

data is the first source data; and a first circuit, which is operable for
assenbling the downstream data and the |ocal data into the data bl ock. 15.

-An apparatus for assenbling and sending data conprising: 10 nmeans for

receiving local data fromone or nore nenory storage units; neans for
recei ving downstream data over a conmuni cati ons bus from one or nore
downstream dat a sources; and neans for nmaking a determ nation of how the
| ocal data and the downstreamdata will be sent over the comrunications

~bus, wherein naking tgﬁf%‘% LRl ispbiaBR friled he de@idtieiyidas fonpaedi ct ed

breakpoint in the |local data or the "downstream data, whichever currently is

being sent over tskend butnover Srtchomupigations by whersin hpdovsEap dxtads the | ocat i ng

one or nore first coati@go& Jlanes within a first section of a data block to
at | east some of SPHEFREY Yefat a,. 20 wherein the data bl ock conprises a set
of multiple | anes, and figneholitawhich xodpanible forxemitingthe dwa¥ dajpdrarn the dmiet s; and

wi thin 8 Secord SEBBRORBAY eI BGER DoAY SRR pe CEREoB G nd e

downstream dat a, wher gignt biraf Whish issspetableforcaastnibliag Rcondsigani datardr € 25
contiguous. 16. The apparatus ofclaim 15, further conprising: nmeans for

generating a firdhelgpaldatsintethedatabid¥ksend the | ocal data over the

comuni cations bus; 30 neans for generating a second access request to send

t he downstream data over the comunjcatigns bus; and 39 ; AMENDED SHEET
sue' ' ~2$>1b; -13Q QAn apparatus for assembling and sending data comprising:

10 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 deteymination of kow the local data and the
downstream data will be sent over the communications bus, wherein making the
15  determination includes: .
idemfifying a predicted breakpoint in the local data or the
downstream data, whichever currently is being sent over the communication bus;
based on the breakpoint, allocating one or more first contiguous
lanes within a fivst section of a data block to at least some of the local data, |
20  wherein the data block comprises a set of multiple lanes, and each lane includes
a set of configurable bits; and
based on the breakpoint, allocating one or more second
contiguous lanes within a second section of the data block to at Jeast some of the
downstream data, wherein the first section and the second section are
25 contiguons.

16.  The apparatus of claim 15, further comprising:
means for generating a first access request to send the Iocal data over the
communications bus; _
30 means for generating a second access request fo send the downstream.
data over the communications bus; and
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| ocal .data fromthe one 5 or nore menory storage units, wherein the local =



\/\/r\eﬁglliﬁteéh@h of vrakivngyt he det er m-pat-i-on-Leceimes the first access,,
request .ahd. 1'Fee'StHond access request/ClAA8PBMBS t he det eromonabiony oot U@ 0434
first access request and the second access Feguest. 5 17. The appar at us-;c%...,._,f“f
claim 15, further conprising: nmeans for arranging the |ocal data and the
/downstream data into the data block, according to the determ nation; and
‘means for sending the data within the data bl ock over the conmunications
'bus during a data bl ock transm ssion period 10 18. An apparatus for sending
!data over a comuni cations bus, the apparatus conprising: a first circuit,
iwhich is operable for receiving first source data froma first data source;
Is a second circuit, which is operable for receiving second source data from
~a second data source: and a third circuit, which is operable for sending the
first source data and wimeesin the amans foomekieg thetdeteunipationirecciventhedirg#c¢ahs bus,

'wherein sending the first. source data and the s r taq Ncl udes:
/20 sending the fi;eggesL r@%seﬂg{dzfcmﬁﬁq’f%g%%ﬁﬁn@gg{lﬁ%%gﬁg?%i%%ﬂm ifying a
(first breakpoint gQbdsesmendhdiicbd2oddaceesd réfuesthe first source data, wherein

the first breakpoint is identified based on information received fromthe
first data source; sending the second source data over the comrunications

bus 25 Cont] ayousty wiidpbliuEdligh 5 xhircbhpiigoe data; and | denti fying
i nt’ d

a second breakpoi nt correSponding to an end of the  second source data. 19.

The apparatus of cl ai rme@s faraaraging thalpcaldatarang the deprattsam datidniadeadada f our th

circuit, which is I # . wnstream data fromthe
I 'communi cat i ons buéﬁagﬁﬁﬁnéﬁﬂﬁ@m glit 2 the second circuit
lincludes a fifth circumneansWriseddirigsheofata withie teolata tberkioviarthe
communications bus during a data block transmission period.

10
18.  Anapparatus for sending daiarovgr a communications bus, the apparatus
COmprising:
a first ¢ircnit, which is operable for receiving first source data from a first
data source;
15 a second circuit, which is operable for receiving second source data from
a second data souree; and
a third circuit, which is opetrable 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:
20 sending the first source data over the communications bus;
identifying a first breakpoint corresponding to an end of the first
source data, wherein the first breakpoint is identified based on information
received from the first data source;
sending the second source data over the communications bus
25  contignonsly with the end of the first source data; and
identifying a second breakpoint corresponding to an end of the

second source data.

|

|

1_

| - 19,  The apparatus of claim 18, wherein:
| 30 the first circuit includes a fourth circuit, which is operable for receiving

i downsiream data from the commumications bus; and
20
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Ioc%ﬁ&g&a@\{qéom one_qr_nore_|ocal nenory. storage units. 20 The apparatus of

cl al Be2005sediig—tie TTTST ey 3 over the -
bus i ncl'udes? arrg?l-gl ng a first portwonw(]?[:J ﬂ?fl r st source da%gni\%l 2&#’1“-&804344/
data bl'ock * structure during a first processing period, wherein the data ™
bl ock structure includes a fixed nunber of contiguous, configurable bits;

rand arranging a remai nder portion of the first source data within a first in
section of the data block structure during a second processing period,

‘wherein the first section includes a first set of contiguous bits. 21. The
‘apparatus of claim 20, wherein identifying the first breakpoint includes:

‘is identifying the first breakpoint” as an end of the first section of the

.data block structure during the second processing period. 22. The apparat us

‘of claim2l, wherein gendifid ol BGGRAG FH8hES:, WM iONRiEabIS e raawmgni cat i ons

i bus i ncl udes 20 arranging a first portion of the second source datawithin a

. second section dﬁcaﬂ&ﬂaﬂm@nbbwkreéqmmﬁm?@'ww@tﬁ he second processing
I'period, wherein the second section is contiguous with the first section,

and the second section includes a second set of contiguous bits. 25 23. The
I'method. of clai m22, Theuamiaratistof clitn &8, biterckn sending therfistismence dalg over thex ed

| nunber of | anes, each a&e kncl ufﬁs a sanme nunber of bits, the first section
JOf the data bl ocPMEPPICARRs U WEMi®as o first set of the fixed number of

| anes, and the secondragiig Ofirsofortidueotdat fstisback dats withinardatd Wledkudes a second
F 1 AVENDED SHEET

: set of the fixed nunber ,of |anes 1
| 24. A nethod for SSafEieyRG? Mwo&esggmgw@%y%q?%w Fod
Efmprkl Slt ng. tarraﬁﬂélﬁ%sﬁﬂ&bdﬁﬁm%bfédﬁﬁgﬁmfcbﬁﬁ@nm@?aﬂat awthin a data
ock strHeture arranging a remainder portion of the first source data within a first

10 section of the data block structure during a second processing period, whersin

{ the first section includes a first set of contiguous bits,

[ 2).  The apparatus of claim 20, wherein identifying the first breakpoint
includes:
15 identifying the frst breakpoint as an end of the first section of the data,
block structure during the second processing period.

22.  The apparatns of claim 21, wherein sending the second source data over
the sommunications bus includes:

20 arranging a first portion of the second source data within 2 second section
of the data block structure during the second processing period, wherein the
second section is contignous with the first section, and the second section

j includes a second set of contiguous bits.

25 23.  The method of claim 22, wherein the data block structure includes a fixed
I number of lanes, each lane includes a same mumber of bits, the first section of
' the data block structure includes a first set of the fixed momber of lanes, and the
', second section of the data block structure includes a second sct of the fixed
; number of lanes.

30
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during .a _f'. (o ess+-m£pe~rvh o _,_ﬂv\@_grem—theda:; a.block structurelncljdes_
a f‘i@%ﬁ?ﬁ.ﬁéﬁfﬁ%ﬁﬁ?‘)@?—%nt i guous, conf|(MEBAMDI ts, and wherzi st.he.f0q 8UUS04344;

source ,data, originates froma first data source; sending the first portion - .
.of the first source data over the comunications bus; identifying a
breakpoint in the first source data based on information tO0 received from
the first data source; based on the breakpoint, arranging a renmai nder
portion of the first source data within a fast section of the data bl ock
structure during a second processing period, wherein the first section
includes a first set of contiguous bits; based on the breakpoint, arranging
a first portion of second source data 15 within a second section of the
data bl ock structure during the second processing period, wherein the
second section is2¢ont Agutiuel fos dchdibgdats bm & torswunications busthe methodecond secti on
I ncl udes a second set ,of contiguous bits, and the second source data

origi nates from a “YBPHE dat a source; and sendi ng the remai nder portion of
‘the first source data aageiRe firitpsitiopof fitsosurc2@atfwithivea detrblodk smghre dat a

over the conmunications_ bus. 25. The. nethaqd.of, clai 4. further conprising:
I 'meki ng an i ndi cat ABANS vt FOceHRS nqnpnglm%@géﬁﬁ&?oﬁg]ﬁﬁd&}rem?i‘{d%a ﬁF%@pri nt
in the first S@‘”%ﬁmﬂalﬁcaﬁdg?o&mﬁg&uﬁlbam,mwmaﬁmmﬁmmidﬂla period. 25

:26. The nethod of claim 24, "further conprising: nmaking an indication, during
the first processicrigingesfrom a fisst dataBe®Hi on of an end of the first section.

1 30 27. The nethod of CL&B@Eﬁ‘%iﬁgﬁ%%%h[bﬂ%mg&‘%%&é%%ﬁ&ﬁ%”d% a

I fi xed nunber of | anes, € I nc s a sane nunber of bits, the first
| section of 42 AMBMDED SHEET "" ~ i 28-1'0 2~1t7 the data block structure
tincludes a first set of 'E}ﬁ' fi I tﬁghg . secti on of
!the data bl ock struct U}’dgal fgtﬁgs sec%ﬁ?rssfg‘?lﬂg?dat e ?cli{j(}g ngﬁ%er of

"~ | anes. 10  received from the first data source;

based on the breskpoint, arranging a remainder portion of the first source
data within a first section of the data block strueture during 2 second processing
period, wherein the first section includes a first set of contignous bits;
based on the breakpoint, armanging a first portion of second source data
15 within a second section of the data block structure during the second processing
period, whergin the second section is conliguous with the first section, and the
secopnd section includes a second set of contiguons bits, and the second sonrce
data origintates from g second data source; and
sending the remainder portion of the first source data and the first portion
20  of'the second source data over the communications bus.

25.  The method of claim 24, firther coruprising:
making an indication, during the first processing petiod, that a breakpoint
in the first source data will oceur during the second processing period.
.25
26.  Themethod of claim 24, further comprising:
making an indication, during the first processing peried, of a location of
an end of the first section,
30 - 27 . ﬁT-he method of c];i;f; 2-;5,, wheretn the data block structure includes a fixed
nunber of lanes, each lane includes a same number of bits, the first section of

42
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|
|

s 29,: _:Ej'a:l__m_Zl,_.f_LLl’. r-1-84 ng=._.~xneak1 ng an [ nd| cat | ONyure
durt: r{’énftgﬁe@fl-rgb{%ocesm ng period, dpﬁ/’ngBAMDw dentifier @Kat 2&01@6%}@0[[{@304344’

with a:last-lane of the first section. 29. The nethod of claim27, further — —
conprising: i0 making an indication, during the first processing perlod, of

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

30. A conputer-readabl e nmedi um havi ng conput er-executable instructions for
perform ng a method conprising: is arranging a first portion of first source
data within a data block stricture during a first processing period,
wherein the data block structure includes a fixed nunber of contiguous,

rconfigurable bits, and wherein the first source data originates froma

first data source; sending the first portion of heﬁt“mf sqQurce ta over
t he comuni cat i onthe daig Sﬁﬂ%ﬁtﬂcmsri’gﬁ@sﬁtr@m an,eg,ag our ce
data based on inf gfhRfiaflon di¥eathHlockisRinisd Suckidesd sddicscormemuedased on the

breakpoi nt, arranging a renai portion of first source data within a
first section of timebataf knéd. ock structure during a second processing 25

'period, wherein the first section includes a first set of contiguous bits;
. based on the breakpoint, arranging a first portion of second source data

within a secong segti OThexhethétbofthim 26| futher edmprising: e during the second

' processing period, wherein the second sectld conti. ith the first
section, and the secomAKEE gﬁﬁq"ﬁcﬁ%@ﬁl 5@@5%%%@#’ Oﬁ% Pguous bits,
and the second soyeaefier it Sttedpent Bithaletlaio cMhedfistaectig. dat a source; and 43

I AVENDED SHEET r8 1dC2,; i sending the renmi nder portion of the first

source data and the first portion of the second source data over the

comuni cations busg — 3ihe el ¥R ehirs QP Huitifr Bnprisipendi ng first source data
"over a comuni cations bus, wherein the first source data qriginates froma
first data soufce: making an indication, during the first processing petiod, of a lane

identifier that cotresponds with a fivst lane of the second section.

30. A computer-readable medium having computer-executable instmetions
for performin g‘ a method comprising:
1s arranging a first portion of first source data within a data block structure
during a first processing period, wherein the data block structure includes a fixed
nurber of contiguous, configurable bits, and wherein the first source data
originates from 4 first data source;
sending the first portion of the first source data over the communications
20 bus; , o |
identifying 2 breakpoint in the first source data based on information
received from the first data source;
hased on the breakpoint, arranging a remainder portion of the first source
datg within a first section of the data block strucinre during 2 second processing
25  period, wherein the first section includes a first set of contiguous bits;
based on the breakpoint, arranging a first portion of second source data
within a second section of the data block siructure during the second processing
period, wherein the second section is contiguous with the first section, and the
second section inclndes a second set of contiguous bits, and the second source

30 data ongmates from a second data source; and

43
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deUiPrthdirmr‘qQ c-ond-seur bi—e— V\,herer n the second 1_“;:
sour cedat-a--or- %Oﬁt es froma second rmﬁﬁ i denti f yildg &8 b¥%é4@|§0h.@l304344,

in thefirst source data based on information 10 fromthe first data
source; based on the breakpoint, allocating one or nore first contiguous
lanes wthin a first section of a data block to at |east sonme of the first
'source data, wherein the data block conprises a set of nultiple | anes, and
each |l ane includes a set of configurable bits; is based on the breakpoint,
‘al locating one or nore second contiguous |anes wthin a second section .of
the data block to at |east sonme of the second source data, wherein the
'second section begins at a next |ane, mhich I S contiguous mrth the first

'section; and sending, ovgr nrc ock 20
|transni ssion period, t “ﬁtﬁ?’é’w 5”’6’ eglqugt %Q?Q%&%R@ e et Wg within
' the fast SeCtiOnoﬁﬁeéebﬁad%aﬁxaeadtmxlerthemdmtd&ﬁmmonkawt a portion of the
[second source data w thin the second section ofthe data bl ock. 32. The

'met hod of claim 31, wherein determning that the first source data 25 and

‘the .second source g dat E‘°&¥aﬁaé}ﬁﬁ] e conprises: receiving a first indicator
rthat the first source ars ibl'e froma first data source; and

recei ving a setond | ndﬁmhmgﬁrstmmccdmowwwlﬂﬁt@@ﬂb&%éﬁe@lwaﬁﬁébl e from
a second data sou 8 ﬁéf] t?ﬁ]i%i? éE[EBET 33. The nethod of claim

31, wherein deter source ’data and the second source
‘data are avail abl e corqntermma:gthzés@mdmgnadﬂmmammhmm themgponthe first

o send the secortPesiPae pRE va A St angllisk (202 T "D S 230 The et hod
lof claim 31, wherein &aidntitidig xigedkpeinbinshofisiones dae basd on information
| 10  from the first data source;
based on the breakpoint, 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 maltiple lanes, and each lane includes
a set of configurable bits;

15 based on the breakpoint, allocating one or more second contipuous lanes
within 2 second section of the data block to at least some of the second source
data, wherein the second section begins at a next lane, which is contignous with

the first section; and
sending, over a communications bus and during a data block
20 transmission period, the at least 4 portion of the first source data within the first
saction of the data block, and the at least a portion of the second source data
within the second section of the data block.

32.  The method of elaim 31, wherein determining that the first sonrce data
25  and the second source data are available comprises:
receiving a fivst indicator that the first source data is available from 2 first
data source; and
receiving a second indicator that the second source data is available from

a second data S0UrCE.
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contpm@gsm:a 1= es._.i@_r-ecet—v wonmt hat enabl es an | .,,....}. |
i denti f-i«catt- og%% \M’ll ch lane is the 'I(;g%{]é'gé i guous | aneﬁlfanéwawo?t‘m&.nmcat344~

nunber -of |anes to the at |east some of the second source data, wherein a — J
first lane of the nunber of |anes is the next, contiguous lane. is 35. A
conput er -r eadabl e medi um havi ng conput er-executabl e instructions for

performng a nethod conprising: sending first source data over a

comuni cations bus, wherein the first source data originates froma first

data source; determ ning that second source data are avail able, wherein the
second 20 source data originates froma second data source; identifying a
‘breakpoint in the first source data based on information frontthe first

conti guous. | anes St ¢ nipmethed e ol el aeiS o Gellhe b Rl Bl (o1 o

the first source g@tﬁese%énManeﬂﬁabﬂ&Qvﬂﬁbﬁcmeﬁiesﬁonpr| ses a set of nultiple
| anes, and each | ane includes a set of cotg h&urabl ::aablts based on the
©

breakpoi nt, al | ocat i ngFeesiEnp? frsbreguestie serd feoxEthe it hin a second
section of the da qug t..Jaeast some of the second source data,
L@I onh'glmé an!d

wherein the secon egins at it next lane, which is contiguous with
30 the first siction; mpdvingasceond rammesiiesrndithespe @950“1'“3%&1"% ®over a
comuni cat i ons bu? ?mgw Bhs? data bl ock transm ssion period, the at |east
a portion of the e ourcé data within the first section of the data

bl ock, and the at Ieast a portion of the second source data within the

second section o dat angi ng
first source data %P&&%E“fﬁgle’ %l'n agt?r%s@gsec %&%9% Qléd dat a bl ock
structure, wherei Ebr&ﬂgﬁoﬁaﬁchlmiﬁesstructure includes a fixed nunmber of
cont i guous, - cgpfi gur abl e, Bl 5 rordaford Birbaltiddth ladifo4Bh 3 RhRE fuR by gt ure T

next, contiguous lane; and

allocating a number of lanes to the at least some of the second source
data, wherein a first lane of the number of lanes is the next, contiguous lane,

15 35 A computer-readable medium having computer-executable instructions
for performing a method comprising:
sending first source data over a commmunications bus, wherein the first
source data originates from a first data source;
determining that second source data are available, wherein the second
20  source data originates from a second data sonrce; |
idenﬁfying a breakpoint in the first source data based on information
from the first data source; ‘
based on the breakpoint, allocating one or more first contipnous [anes
within a first section of a data block to at least some of the first source data,
25  wherein the data block comprises a set of multiple lapes, and each lane inclivdes
a set of configurable bits;
based on the breakpoint, allecating one or more second contiguous lanes
within a second section of the data block to at Jeast some of the second source

data, wherein the second section begms at a next lane, which is conhgunus with
30  the first section; and ' o

A5
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10 4§p,l1b m:t_ﬂur.__‘cm _a__QQmancat i- 0ns—~bus det erm ni ng “that secoogl,
souY ce dat a-fro ‘second source is d@i-lM%iBAMD be sent 0d%er2&.N®.200: 4 P
comuni.cat i ens bus requesting access “to the communi cations bus to send’ PP?Q 345“
second source data is based on a determination of a breakpoint in the first
source data, receiving an indication of where, within the data bl ock
structure, at least a portion of the second source data should be pl aced,;
arranging the at |least a portion of the second source data within the data
bl ock structure according to the indication, resulting in the at |east a
portion of 20 the second source data occupying a second section of the data
bl ock that is contiguous with an end of the first section; and sending the
first source data and the at |east a ortlon of th cond ,spurce data over
the communi cat i orfeoditss OYRY RicARBILGRHoS PSR dREnE A GRS Pgﬁh'aﬂﬁ@ﬁ%’& 25 37. The
met hod of cl ai m I od d

nunber of | anes, eac%éﬁ%%@?r%ﬂhﬁm%oﬁid&aﬁgfﬁnE)tilégﬁgkﬁ'teﬁle f({fFasef section
of the data bl odstadfockctnd e at kesiudestio of thesecond souste datrwithinde seeemder  of

| anes, and the s%‘ondﬁ%g L [}‘Fgf t he data bl ock structure includes a second
set of the fixedS$ ﬁ”&g 11CS. 46 .'' AVENDED SHEET 38. The net hod
of claim37, wherein receiving the indication conprises receiving a | ane
identifier that ¢ rre g](:j‘s with a last lane of the first section. 39. The
met hod of claim w%é? GRS PENng the indication conprises 5 receiving a
|ane i dentifier that Qﬂﬁfﬁ@iﬂﬁiﬁuﬁé&ﬁaﬁoﬁiarﬁﬁsbmwmmtafﬁsﬁmd»faection.

40. The nethod of claim further conpr redl ctin er
br eakpoi nt wi | | '@Mﬁ’*ﬁttﬂ%’g"mﬂ@%‘iﬂ@ ¢ é‘?‘&’ ?H‘“ﬂ‘fﬁsﬁk %@%Oﬁ eadabl e
medi um havi ng Cor&hﬁg%ﬁﬁx.&‘xﬁi‘é{ﬁme%ub NSl Bht6 WithiShe d=04 b1BGY dRcikdd a net hod

conprising: arrangin first ~source data froma first source within a first
section of a 10 petiodically sent out on a comtaunications bus;

determining that second source data from a second source is available to

be sent over the communications bus;
requesting access to the communications bis to send the second source
data;

15 based on a determination of a breakpoint in the first source data,
receiving an indication of where, within the data block structure, at least a
portion of the second source data should be placed;

arranging the at least a portion of the second source data within the data
block structure according to the indication, resulting in the at least @ portion of

20  the second source data occupying a second section of the data block that 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 connunications bus during a data block transmission
period.

25
37.  The method of claim 36, wherein the data block structere in¢ludes a fixed
munber of lanes, sach lane includes a same number of bits, the first section of
the data block structure includes a first sef of the fixed pumber of lanes, and the
second section of the data block structure mcludes a second set of the fixed

30 “ nu;nber of lanes.
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~portion of 25 the s¥condhsmethed oficleim 3 vhpryiniee
bl K th ) ) ; . . ) : h
ock that 1s contl %g&?\ﬁtééﬂﬁatan? ﬁ&tﬂgmgfcomgar? g@ﬁ&ﬁ%xﬂby@‘ﬁ&s@&aﬁwg the

——T

nunber of , contiguous, configurable bits, and'data within the data bl ock
structure is 15 periodically sent out on a conmunications bus; determ ning
t hat second source data froma second source is available to be sent over
t he communi cati ons bus; requesting access to the comuni cati ons bus to send
the second source data, 20 based on a determ nation of a breakpoint in the
first source data, receiving an indication of where, within the data bl ock
structure, at least a portion of the second source data shoul d be placed,;
arranging the at |least a portion-of the second source data within the data

bl ock structure according to the indication, resulting in the at |east a
pHlcIRe" PRIIHES t he dat a

.d'at a bLackistrl—J(;t ur-e-!m\_/_\herei n thedata bt-evlorsamuct ure i ncl udgas azgjxedoo UUSO4

first source data a east orti e secon source data over
the communi cations bus during a data block transmssion t? iod 30 42. A

i1t section of a dika oFbeenet pran ¥; WiRSLBH ML B ERMESE BBt | O ©

| includes fixed nubeagchfingonhé Pegtifzr thabefeiipudabiitea Bist kins afitic sdrendietithe

first source data originates froma first data source; 5 receiving a
request to send second source data over the conmunications bus, wherein the

| second source data ofj, gi &k Gctol FIEnEEE Gitthef@ndrismgr ce; identifying a
- | ocation of a breakpoint in the first source data, wherein identjfying the

i location is based on i nf @Faéintipgwheresbrealspointwill peqs inihs srepadsourtefatly on t he
| breakpoint, arranging at |east a portion of the second source 10 data
iwithin a second section of the data block structure after the breakpoint,

wherein the secord s#ecti anedmpuisrmeadghlomedinioiaving cempptertexeersabie ingiructions i on;
and for performing a method comprising:
arranging first sonrce data from a first source within a first section ofa
data block structure, wherein the data block structure includes a fixed mumber of
contignous, configurable bits, and data within the data block structure is
15 perodically sent out on a compmunications bus;
determining that second source data from a second source is available to
be sent over the commumnications bus;
requestiug access to the communications bus to send the second source
data;
20 based on a determination of a breakpoint in the first source data,
receiving an indication of whete, within the data block structurs, at leasta
portion of the second source data should be placed;
arranging the at least a portion of the second source data within the data
block stracture according to the indication, resulting in the at least a portion of
25  the second source data oceupying a second section of the data block that 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 doring a data block transmission

| .. . period N

30
42. A method comprising:
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sendlng %hexflrsL .sour ce data and the aﬁVLGEEUMaLpOFtIOH of tois SBEQKQZOOLHJSO4
source data over the conmunications bus during a data block transmission *
period. is 43. The nmethod of claim 42, wherein the data bl ock structure

. includes a fixed nunber of |anes, each | ane includes a sanme nunber of bits,

the first section of the data block structure includes a first set of the

fi xed nunber of lanes, and the ,.,1l1l second section of the data bl ock

structure includes a. second set of the fixed 20 nunber of |anes. 44. The

met hod of claim43, wherein identifying the |ocation conprises identifying

a lane that corresponds with a last |ane of the first section. 25 45. The

met hod of claim 43, wherein identifying the ]ocation, co ris tifying
a lane that corresponds wrangine fiis tr@’e‘“ﬁg 4@-’3‘3“@ %fﬂ‘fksg%c
conput er -r eadabl e megi i, ﬁé‘ﬂaﬁ%l&ggﬁﬁﬂt&énﬁﬁﬁ%ﬁh'nﬁmb&ﬁfrcﬂﬁﬁgﬁﬂﬁ for

- performng a nmethod conprising rranging first source data within a

| first section of a MQMBQMQMhmmGﬁméﬁﬁpw@WM@@ﬂ%é@%ﬁt&cture

"includes fixed nunmber of contiguous, 48 f ry AMENDED SHEET '8 11]72tlE

~configurab]e bits, ang therein the fast source data ori ginates froma first

. data source; reces' Vi ng are@i:mmreq@sistemhdsemddomcnﬁmw;aﬁammmmmns

. communi cations bus ei.n .t he s cond urce 0 gm a second

. data source; 5 |dentl?"lsy‘f"% in the sgcop 8?1“‘6?&% K"%g’i%m“eﬁ‘”{%gﬁ {’% source
data, wherein identifyi ﬂ&nbh&xéﬂﬁ&tﬁoﬁbfhbrcmﬁmﬂmheﬁmmdamwhmmthe
first data source; baseqd. hrea arr ngj. n t.le ortion of
the second source d4t% &W‘ WFR”& ggﬂ?dg’éﬁ{ﬁ? B‘?h?rﬂéﬁ %\‘? Eiﬁ’lﬁ(’gstructure

‘after the breakpoint, whgidion thd\ReB6aL drffbip 0 Raitd pofithidvRiscot khyrad end
of the first section; and 10 sendi ng t he fast s urce dat a ang the at least a

l

\

portion of the s & orfinta widiip 8 secand secBonef theratal) E’Hﬁ% ApfiBtng a dat a

bl lock transm ssi on yherein the second section is contiguous with an end of the first section; and
sending the first source data and the at Jeast a portion of the second

sonrce data over the communications bus during a data block transmission
period.

15
43,  The method of claim 42, wherem the data block strushure includes a fixed
number of lapes, each lane includes a same number of bits, the first section of
the data block structure includes a first set of the fixed wuanber of lanes, and the
second section of the data block structure includes asecond set of the fixed

20  number of lanes.

‘ 44.  The method of claim 43, wherein jdentifying the location comprises
jdentifying & Jane that corresponds with 2 last lane of the first section.

25 45. Themethod of claim 43, wherein identifying the location comprises
identifying a lane that corresponds with a first lane of the second section.

46, A computerceadable medium having computer-executable instrustions
for performing a method compnsmg‘
| \ 30 arranging first source data within & first section of a data block structure,
l. wherein the data block structure includes fixed number of contiguous,
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configurable bits, apd wherein the first source data originates from a first data
source;
receiving a request to send second source data over the communications
bus, wherein the second souree data originates from a second data source;
identifying 2 location of a breakpoint in the fivst source data, wherein
identifying the location is based on information from the first data source;
based on the breakpoint, 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 sectioﬁ i contiguous with an end of the first section; and
sending the first source data and the at least a portion of the second
sowrce data over the commupications bus during a data block transmission

period. -
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