2 9 JUN 1004 QUAD PUVPED BUS ARCHI TECTURE AND PROTOCOL TECHNI CAL FI ELD The
invention generally relates to processors and in particular to ﬁﬁf
punped bus architecture and protocol. 5 Wth the increasing coﬁng Q@Wand
demands of today's software and applications, there is denmand for
processors to provide increased throughput and bandwi dth. There nay be one
or nore resources which can operate to limt conputer performance, such as
i nput/output (1/0O speed or bandw dth, nenory size, etc. One resource that
usually limts or throttles conputer performance is the speed and

bandw dt h of the processor bus or front side bus, which 10 is the bus

provi ded between on S i . xanpl e, sone
Pent i um processorsE?@%%ﬁﬁggPg&géﬁsfﬁﬁégiﬁgc%igygggﬁﬁﬁﬁv]fﬁkgﬁ‘COrporation)
include a 64 bit data bus and can transfer 8 bytes per processor clock
cycle, and can transfer a 32 byte cache line in 4 clock cycles. Thus, if
the processor clock is provided at 100 MHz (as an exanple), the data

transfer ratelrBOHNIGEL FIDLBOYt es per second. Various details of the
Pentium Pro 15 processor architecture can be found in the "Pentium Pro

Fam |y Devel oper' sTHéHfntadion gé¢tdraliyarelatks toppedsbrs aad ih @asicilarkan gaadyppmp8Bigis | SBN
1-55512-259-0. \Wile a data]transfer rate of 800 Moytes per second is
sufficient foFHEReapdPPRA ons, a need exists for a processor bus that
provi des an i npr ovesth diatiscrédsimp sbapiexiatd demdnandcirbdiiyts. sofwhle Sal QPURB o,

I NVENTI ON According to, an enbodi nent..of the. present i.nventi a nethod of
{ransmi (Ui ng CPRTGERER B oTar 4o FRITET BreBeL s RS rnd AN g SRemY o one
Or nDre receidteRgmagestbercéssvhighrcavomgetk to Ama oommiter berfortbmeksutlsasfmpotowdpd t o
both the drivj agent , and.the recei.vin ent. A.bus transacti '

i ssued from thP%\gioﬁsa@ﬁ’éﬂh G O%gzeoﬁ(g' g@“r?ﬁsrogmf é}f:aeﬁ“laﬁ "éngg?lrt %}’ﬂg

i ncl udi ng: 1)cdnipetetiperfoimmapcearg tmtpeedt indibagwidih ¢fitglpercessbdusatitoptsidebeswhics for a
request onto .an .addres t r LS LR erf b f uency
of the bus cI’3dk: "ERE I ttB Hed ol iDrrl?O?caﬁrg‘%%sogcﬁn?&%%h%glé F ?rreg t ﬂ@f ’r%ﬁ'g
signal to i deenkifim® pleemssarhieucha@sePapiting Pec] @rvcessérdy bdel Sampragiopincludenféd bivat i on

el ements driven on M&ﬁ%@%&a&g Ber S IEENR Gy, 500 LaNGaHdES D psiER! | NT

data fromthe driving agen e one or nore receiving agents including:
1) the drivi ngpedgdnteciBeycts.i Thusgf haPrdcpke clogk sprayided At @Pé%éﬁgs apREHPE) dat a
bus at a rat &nt Bé&L n'!n%sfe@ racl.ié L’Blﬁﬁ %E‘hod%&&@&e? s®bnd. Various details of the Pentium Pro
15 processor architecture can be found in the “Pentium Pro Family Developer’s Manual, Volume
1: Specifications,” January, 1996, ISBN 1-55512-259-0. 'While a data transfer rate of 800

Mbytes per second is sufficient for many applications, a need exists for a processor bus that

provides an improved data transfer rate or bandwidth.

J DISCLOSURE OF INVENTION

According to an embodiment of the present invention, a method of wransmitting

information over a multidrop bus from a driving agent to one or more receiving agents is

provided. A common bus clock is provided to both the driving agent and the receiving agent.

A bus transaction is issued from the driving agent to the one or more receiving agents,

25 including: 1) the driving agent driving multiple information elements for a request onto an
address bus at a rate that is a multiple of the frequency of the bus clock; and 2) the driving

agent activating a first strobe signal to identify when the receiving agent should sample the

information elements driven on the address bus. The method also includes transferring data

from the driving agent to the one or more receiving agents including: 1) the driving agent

30 driving multiple information elements onto a data bus at a rate that is a different multiple of

]



| 2 9 JUN 2004 the frequency of the bus clock; and 2) the driving agent
activating a second strobe to identify when the one or nore receivin
agents should sanple the information elenents driven onto the daf§ N&sﬂ]ﬂ’i
BRI EF DESCRI PTI ON OF THE DRAW NGS 5 The foregoing and a better

under standi ng of the present invention will becone apparent fromthe
follow ng detail ed description of exenplary enbodi nents and the cl ai ns
when read in connection with the acconpanying drawi ngs, all formng a part
of the disclosure of this invention. While the foregoing and foll ow ng

witten and illustrated disclosure focuses 0 on discl osing exanpl e
embodi ment s gfe ﬁéagcnb]fwﬁné h1@R1ocktand aut 6f; a@hﬁactlmmf@ﬂ@mbeuha:tenttﬂae
same i s by way of

ustration and exa S .not mte her et 0.
The spirit amnhesbepis 0“B‘Pfetfﬁ-‘élVH%@%%“?“H%@H’P&&#B@W@’OPFW?’Bﬁ‘%rbvﬁf' Byt he
terms of thejappgnded clains. The follow ng represents brief descriptions
of the draw ngs V\/nerel n. F| g. 1 is a bI ock diagramillustrating a conputer
accordi ng t o BAUEEDESSRIPTHANA, DRAWINGS e present invention. Fig. 2 is
a disagram il ustratl ng a pr ocessor bus according to an exanpl e enbodi nent.

Fig. 3is atimng diagramillustrating exanpl e bus transacti ?’(Q ghase
rel ati onshi ps for The eregstampide? betieh SRETTBRDEICBF AT c3reate e MIbAFHES: . 20

Fig. 4 is an f a%pkrgmttmona»ﬂgaaamaeéclny@nr@temgp@p eRN¥amRbAs sRabadlkion of
the common ¢ signal i ng node accordi ng to an enbodi nent . Fi 5is a

timng di agr ahentekdistcornerting %@éFWFWW”%a‘%‘}?&WI torgig APBLHRTEIGHA | ng

mode accordi %gthgs(?n\féﬁlhcﬁnmﬂ% m@%regoﬁlggnd ﬁllbﬁméwhhgﬂﬁﬁllmsﬁﬁécﬁiﬂdldshﬂsw’uad‘sl ng
oper ation of an exa

punped 25 signal. r di n 0 an
enbddi ment . F:»nglscwsmsse@maiea@bwm fheinyenhign: f‘ﬁB"“r‘F?‘i‘ﬁn‘EﬂﬁﬁY [ 3 %‘S?] %ﬁl el ay

bet ween tr angagt s amﬂﬁ@éatloﬁhﬂﬂ exBmpl8 ofly SHdasdot dinagi' thdrttof Tispaid padsadpas f or
transferring |nformat| on between _agents accordljnﬁ H% ﬁﬁnbodl ment. Fig. 9
R

is a block dicAgrarsset inyantiophainglipied gty Prihnieras ¢ Son bet ween

agent s The following represents brief descriptions of the drawings, wherein:

Fig. 1 is a block diagram illustrating a computer according to an example embodiment

15 of the present invention.

Fig. 2 is a diagram illustrating a processor bus according to an example embodiment.

Fig. 3 is a timing diagram illustrating example bus transaction phase relationships for
two example transactions according to an embodiment.
20 Fig. 4 is an example timing diagram illustrating an example operation of the common
clock signaling mode according to 2n embodiment.
Fig. 5 is a timing diagram illustrating operation of an example quad pumped signaling
mode according to an embodiment.
Fig. 6 is a timing diagram illustrating operation of an example double pumped
25 signaling mode according to an embodiment.
Fig. 7 is a diagram illustrating the minimum latency or delay between transaction
phases. Fig. 8 is 2 block diagram of an apparatus for transferring information between
agents according to an embodiment.

Fig. 9 is a block diagram of an apparatus for transferring information between agents

30 according to another embodiment.
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30 according to another enbodinment. 2 9 JUN 2004 5 .0 15 20 25 30 BEST MODE
FOR CARRYI NG QUT THE | NVENTION 1. Introduction According to an ennghgqmﬁ,
a processor bus is connected to a plurality of bus agents. The b 4
scal abl e because sone types of signals are transmitted using a common cl ock
signaling node while other types of signals are transmtted using a nulti
punped signaling node. In a conmmon cl ock signaling node, signhals (such as
control signals) can be driven onto the bus at a rate that is
substantially the same as the frequency of a conmmon bus clock. In this

node, the edges of the bus clock identify points for sanpling the signals

driven onto t . t , i ed by operating the bus
in the nmulti M&P o PR inVERITON |l e information el enents
are driven onto the bus by a driving agent at a rate that is a nmultiple of
t he frequenc;si ﬁ{’, t he bus cl ock. The driving agent also tenporarily
activates a StTSBEE%nal to identify sanpling points for the information

el enents driven i mdeb@ingnatnteinbpdimpec peicgsyad iung compeiaed 1o mplorahartofl s egdnenent s
for a request,can be g]r?wgt%?%ﬁ;cg%E%?Lpsigapsgrggan% qgh‘%éﬁg RYD gm%io?lgg:(l ng

mod€ in whic S Bnf S are driven during -oné bus C

cycle. Data slgamtisodechila othat tgpdsiof @ glalscans frersmord ubes dmligmptdsigekiagpl e,
using a quad ﬁynped signaling node in which four data el enents are driven
during one bd%“%1 ock cycle. Multiple strobe signals can be tenporarily
activated in an oflf setm6en ciichggeliegnaler igrgle (ritastentokiimels) hbe drrvegerdncy  of

the strobe signals. Sanplin s LIPS e Hmin S i Oftlys ONe
type of edge tﬁegt.’ué.at,a%tlett e s‘?%gaxﬁﬁg?}%éarg"%gé%efgﬁbﬁ%@éal ing edges) Bé%és t he
strdbe si gnalrsodeptht etizas offthe s elogiaidpitibnepigofon samplingithe sl eals doyven ity ibabiva.

|atenci es betveen p i apsaGLIQN AR GAReAEnRELLiRRe HRAITRIR-EL@RehY At ch

t he maxi num speed _ o
mode in which multiple information elements are driven onto the bus by a driving agent at a

rate that is a multiple of the frequency of the bus clock. The driving agent also temporarily
activates a strobe signal to identify sampling points for the information elements driven in the

15 multi pumped signaling mode. Information elements for a request can be driven, {or example,
using a double pumnped signaling mode in which two information elements are driven during
one bus clock cycle. Data elements for a data line transfer can be driven, for example, using
a quad purnped signaling mode in which four data elements are driven during one bus clock
cyble. Maultiple strobe signals can be temporarily activated in an offset or staggered

20 arrangement to reduce the frequency of the strobe signals. Sampling symmetry can be
improved by using only one type of edge (e.g., either the rising edges or the falling edges) of
the strobe signals to identify the sampling points. In addition, minimum latencies between
transaction phases can be modified to more closely match the maximum speed of the bus
operating in the multi pumped signaling mode.

25 I¥. Architecture

Fig. 1 is a block diagram illustrating a computer according to an example embodiment

ofthe present invention. The computer includes one or more processors, including a processor
110, a processor 112 and a processor 114. Each processor also includes an internal cache (not
shown).

30 Each processor is also connected to a common processor bus 117 (also known as the
host bus or front side bus). Fig. 2 is a diagram illustrating the processor bus 117 according to

an example embodiment. AsshowninFig. 2, the processor bus | 17 includes a control bus 202,

L




operating in the multi punped signaling node. Ix. Architecture Fig. | is a
bl ock diagramillustrating a conputer according to an exanple enbozi t

of the present invention. The conputer includes one or nore proces gqgm?mu
including a processor 110, a processor 112 and a processor 114. Each
processor al so includes an internal cache (not shown). Each processor is
al so connected to a common processor bus 117 (al so known as the host bus
or front side bus). Fig. 2 is a diagramillustrating the processor bus 117
according to an exanple enbodinment. As shown in Fig. 2, the processor bus
117 includes a control bus 202, 2 9 JUN 2004 an address bus 204 and a data
bus 206. According to an enbodlnent t he data bgs 206

signal s, i nclendfdiessbus 294em adeia e 2P 6 61ene e e el ﬂb"@@“’ ﬁfrgﬁ’%?%cl udes

many si gnal Mgkﬂg%@gwﬁ@m gﬂcﬁa@ﬂ&eibﬂﬂ@ﬂ Af12588¢ss bild84 ggm@w@fnawm
i ncludes a bus clock (BCLK). The = bus c

ock is co ed to
al | agents vierhdieg Yedtresiing 3 202 Tht rprescrsdt 7 Bk iibiusc@d‘ﬁ?%rr‘% ? bus
202 al so 'nClwgaﬁcmwngﬂnﬂs§rovaEtBtoaﬂ€lg’cﬁt$$1aW$oMbusQWb@hcsbdﬂSuQﬂZ and
data bus 206 are each pref erabl a mul ti drroqubl ok)uﬁg(;tl on
th 1

Accot di ng t o A cesbtsHetse ”W\‘é’e PR e ?nFﬁQPS #ﬁ@“‘iﬁi‘ées are

connected to bﬂlpﬁ(%earégacméi@raﬁyﬁnﬁ@lﬁﬂipi’o;du&&mﬁﬂD%ﬁd&cctﬁﬁmgtopﬁlembedirﬁequhent bus
whi ch is connected only betwe tBat{tl’ﬁé) bus a minterface 1d1

ohi poet) | APEL EOHER Ean B L5 O STeb b G LTS TiS PoF EE RS PR
several ot hertoG@HﬂDﬁb%hﬁbﬁs&rHé]ﬂsWnﬁaﬁﬁ&ﬁrybbu&erﬂ.ﬂﬂ;buSmhtem interface 116

i ncludes a nenory controll 8 f | nterfacin r stem
122 to processor bﬁ§y5f'f7mter$ﬁ Phe ﬁ%fV‘%"u‘tS’E'iFgF n%ﬁﬁmt@sgpr% quplﬁyncl udes
one:®r nore By seafdshandmpoeota s Bk proctlssutlbuil]'?S)%micrfB@ﬂﬂé@Eh@iﬁ al so
I nCl Udes an I ut / out uber(lél'%o}m?eofnélr Ol ln%gmjem%?_fgbs?ﬂérggﬁg roc&%@bgﬁﬁnr € 110

bri dges or FRIY &2 € proces xanpl e con ut er
15 shown in anma]n mthey hibBystont22 dipiily hPgdds pregrimeeemersmy 4214 2pf p 88124 to

the process Ore th T %ejlst%m m}c[r&ceb flféqgg intfile ORG dﬁp%bg\ﬁplﬁ%lf@) CQH&’HQ{ b‘égﬁuﬁ&face

interface bet\Ween $ eminterface 116 an . One or nore 1/0
control |l ers amd oft i@redé bridass D Pryvices irfberratesiopbusid - 1‘!L‘Oh’bﬁ"sa"lP§(F°mP§‘th as

110i5er ontrol | %%%ﬁ?n ﬁgq h190Gamtdie! 1:8fintdrBfes oh V0 1HEATHIR0 ma,{anabts bilus?ﬂ 7may be

i pher al on I nterconnect (PCl) bus or other t us.
P /O bgcrl)gc 124 operates as a bus bridge t(o 1nter%‘acc between system 1nterf¥tpc 1 18 Ob

bus 130. One or more IO controllers and IO devices can be connected to the YO bus 130,
such as YO controiler 132 and I]O- controller 134, for example. VO bus 130 may be a
Peripheral Component Interconnect (PCT) bus or other type of /O bus.
20 IXI. Agents
Bus agents issue transactions on the processor bus 117 to transfer data and system
information. A bus agent is any device that connects to the processor bus 117. There may be
several classifications of bus agents:
1) Central Agent: handles reset, hardware configuration and initialization, special
25 transactions and centralized hardware error detection and handling. Anexample is a processor.
2) VO Agent: interfaces to VO devices using IO port addresses. Can be a bus bridge
10 another bus used for YO devices, such as a PCI bridge.
3) Memory Agent: provides access to main memory, such as memory controller 118.
A particular bus agent can have one or more of several roles in a transaction:
30 1) Requesting Agent: The bus agent that issues the transaction.
2) Addressed Agent: The agent that is addressed by the transaction. Also called the

Target Agent. A memory or /O transaction is addressed to the memory or /O agent that



20 11'l1. Agents Bus agents issue transactions on the processor bus 117 to
transfer data and system information. A bus agent is any device thﬁﬁ !
connects to the processor bus 117. There may be several cl assi filkh %ﬁ@ of
bus agents: 1) Central Agent: handles reset, hardware configuration and
initialization, special 25 transactions and centralized hardware error
detection and handling. An exanple is a processor. 2) 110 Agent:
interfaces to I/O devices using VO port addresses. Can be a bus bridge to
anot her bus used for 1/0 devices, such as a PCl bridge. 3) Menory Agent:
provi des access to main nmenory, such as nenory controller 118. A
particul ar bus agent can have one or nore of several roles in a

transaction: 3 ORGSR A G ASGRE /0 ThBDUS de@edtrefi N finsichivh @S dblaged o
transacti on. ?co%%fzress%g ,g\geﬁt §The age%t that is addressed by the

transaction. Ahsagenaial @@e@meonwa?lg@@sa%g@m A menory or 1/0 transaction is

addressed to the W%mioxplggAgénQ@a@fn B atenftha ofked N 2664y B agMaaRss bhe
speci fied nenory or dress eferred reply transaction is addressed
to the agent maeiein pasBeedlieredfd- ori gi nal transaction, 3) Snooping Agent: A

cachiqg bus agent Mﬁ'ﬁés GR%E Aggrﬁ The SRAARSD rbwb@bshetnssgmaﬁtﬁeuﬂmatt@n(umbmyai n
cache coherencgﬁ E{etg Agent : The agent t rtowvdsetiertcp% .
response to tH Q@&F%‘é%ﬁel‘ n“ﬁ?ﬁgé%‘mﬁ?‘b“? RENAHGTFEsE Elg%'éﬁjtn)c cES i ng to

an enbodi nent , ,utGe FRERBASHSG tRORFon@strRSRENRM)r esponse onto the control
bus using the response strobes RS 2: 81) V. Operations, Transactions and
Phases Accor dilNgOperatisnse fingsachient nod¥@escti vity on the processor bus 117 is

hierarchically 10 nrgank e cbbdmepenatitiohgon he posast bonis 7andeptethisdy.  An

operation is a bus procedure that appears atomc (e.g., appears to be
i ndi{ sible orDrgaé‘ﬁﬁ‘g‘éﬁ"s‘jpfréu??é’ptbag??c‘%f?"g L %[ases

I'me) to software even though it
may not be atonic othdpe@tidnisa thisprocedine tbpepmmsehmMngMSﬂrslo%F"d&“%l?lﬁ‘@fl e bus

transaction, but 21 {a;{gg.e ??XTQQXQJ erEUcl:n t*mptlgﬁ 1t%§ noﬁtgeamgﬁ @BsuOn7a

singl e transactPER data transters l'es include a read 15
operation, a whkbbjerabrenatdonsist O'éla smmatrmaomﬁeﬁswﬁweﬁ e Fpelvarrigpe Bd

deferred oper ah-ansilﬁbns or 2 single transaction with multiple data transfers. Examples include a read
i5 operation, a write operation, a locked read-modify-write operation and deferred operations.
A transaction is the set of bus activities related to a single bus request. A transaction
begins with bus arbitration, and the assertion of the ADS# signal {indicating that an address
is being driven) and a transaction address. Transactions are driven, for example, to transfer
data, to inquire about a changed cache state, or to provide the system with information.

20 A phase uses a specific set of signals to communicate a particular type of information.
The phases can include: arbitration, request, snoop, response and data. Not all transactions
contain all phases, and some phases can be overlapped. The arbitration phase is where the bus
agents determine who will be the next bus owner (an agent must own the bus before issuing
a transaction). The request phase is the phase where the transaction is issued to the bus. The

25 snoop phase is the phase where cache coherency 1s enforced. The response phase is the phase
where the addressed or target agent drives a transaction response onto the bus. In the data
phase, the requesting or responding or snooping agent drives or accepts the transaction data.

Four control signals transmitted over the processor bus 117 include a bus clock
BCLK][1:0], the initialization signal INIT# and the reset signal RESET#. The bus clock

30 BCLK([1:0] are the differential bus clock and may be generated by 2 clock chip or clock

circuitry. The two bus clock signals, BCLK{1:0], are logically identicai and physically routed

as two separate signals to reduce timing skew. According to an embodiment, all agents drive



A transaction is the set of bus activities related to a single bu%ﬁ&? est
A transaction begins with bus arbitration, and the assertion of t

signal (indicating that an address is being driven) and a transaction
address. Transactions are driven, for exanple, to transfer data, to

i nqui re about a changed cache state, or to provide the systemwth
information. 20 A phase uses a specific set of signals to communi cate a
particular type of information. The phases can include: arbitration,
request, snoop, response and data. Not all transactions contain al
phases, and sone phases can be overl apped. The arbitration phase is where

the bus agen{h‘é:rd@'ﬁtﬁdﬁﬂmm oMOts whd ]htc}btaeit' benmexdoch ipueunge biatpchgent edgast  own
t he bus before issuin

a transact The requ t he se
where the trak&AdPEH gT Qeri"g%%ﬁ’teﬂf flﬁ < ferg. thﬁl’ﬁ %}‘ﬁﬁs‘ﬁﬁ?b mlu“BBhé phase
where cache cghesaRsding the BRIQIE BdqueltieryampoBSE nphRsSe i s the phase where
t he addressed or target agent dl’l ves halRé_:g 2%aCttl on respopse o nto, hoe bus.

In the data phaseASPRE%EAYEERANRY b e g TP TE 58P RGBT A TP ves
or agcepts th%at‘&ﬁﬂ%ﬁﬁlﬁda&@thdﬁt:ﬁcmd?&dﬁesmﬂdlﬁaiorﬂinglaihshﬁcrcamsmﬂrtbsl after t he
processor bus_117 incl ude

a bus cl ock BCLKE :'O:L%n t he ini tele cortdc9 d5| gnal
| NOT# and t he RESEBH 1s SE#ieled FaQERCcessPh Se s Gy e @@“ﬁbﬁrk[i Of“'are 't He
differential BusGb@vdur-486 mMay be generated by a clock chip or clock
circuitry. The tvvo bus  cl ock signal s, i dent.i.cal
and physical |y roufEtProing o RFPEHAERY g’egqgkﬂélng‘]ttsgn?l et ﬁgsgantplr?ﬁ%sors \Enmut
According to afeAP@elt MeRial cadthek oralgﬁmosmfgrpoiaere@starsQEa}:hJNozﬁwbtgmmcnccomn

clock outputs and [atch thelrd@_g‘ﬂgn cl oc¢< nput's on the bus clock rising
edge? Each pPLLRISHY™ W& I'FES °F HtR&RATEE"0¢k fromthe bus cl ock BCLK

signal by nultipl yiFpg3 1samelﬁ1cgrd:xgra\ml¢iusmgtmmainplsbuﬂmh@cflmmaemdyh%yhllaﬁ ferunber
or nunbers. Accordin a shonal resetes all
bus agents to‘Y?]E‘?ﬁﬁﬂ'pg§m§?a§’f°é'§accﬁ%mlrrﬁ(\’/% eme?tsles hel %}%ﬁgrnﬁ cach gs

Modi fied or dibtd MOMBM i1 18§ o stoemtas thariep. I’Bs‘:trectmgteeﬂlﬂVlPESEq‘#qu d indicate

deasserted, eac es hegi ns t h Walmbd, mBR At ARG
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signal resets t:ahdactmmacessmr’os sain frim g 3=alrfft@@ﬁqch‘@“?ﬁé’m‘”qﬁﬂt@r‘-‘f‘ﬂ%ﬁ"“?%fé‘lli@g or
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on reset vector uring configuration, Fig is at i ggram
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13 and 14. Thus, it can be seen that a response and data transfer may occur many bus clock
cycles after the original request phase. Also, there can be overlap between phases of different
20 transactions. For example, the arbitration phase for transaction 2 occurs at approximately the
same time as the request phase for transaction 1.
V. Signaling Modes
According to an embediment, the processer bus 117 is scalable and supports two
signaling modes. The first is a common clock signaling mode in which all signal activation and
25 samphing or latch points occur with respect 10 a common bus clock (BCLK#) that is
continuously provided between all agents. The bus clock )s typically generated by a clock chip
or clock circuit provided on a motherboard, and is common to all processors or agents in a
computer. Signal clocking with respect to the common bus clock is referred to as commen
clock (1X) signaling mode. According to an embodiment, any control signals provided over
30 the control bus are fransmitied using the common ¢lock (1X) signaling mode.
A second signaling mode is a multi-pumped signaling mode which allows an

information transfer rate that is a multiple of the transfer rate supported by the common clock



two exanpl e transactions according to an enbodi nent. The cycles él, 2, 3,
4,... 17) of the bus clock (BCLK [1:0)) are shown at the top. Th& JUN 2004
rectangl es having a nunber 1 indicate various phases for transaction 1,
whil e the rectangl es having a nunber 2 indicate phases for 15 transaction
2. As can be seen fromFig. 3, the transactions are provided in a pipelined
fashion. For exanple, for transaction 1, arbitration occurs in bus clock
cycles | and 2, request occurs in cycles 3 and 4, snoop occurs in cycles 6
and 7, and response and data transfer occur in cycles 13 and ]4. Thus, it
can be seen that a response and data transfer may occur nmany bus cl ock
cycles after the original request phase. Also there can be overl ap between

phases of different 20 transacti.o For fhe se for
transacti on 2sigedige §08%: Hb‘ﬁﬁ&?ﬂréfﬁ% EEY ef“ﬁ’% © {“ ol pur@&p%%’[ aﬁk%ﬁjg%e’?&ghase

for transacti 9]&3:-1 informli @N@drk RE o WD tlieprée cor bhsrﬂQTtb@macn aoivedi areant thattihe
processor bus 117 is scal able and supports t S| | i Sth g-_fi rst
is a commmon cF’tb‘B}Ples‘ifélPFafF‘?quj“’}‘rﬁg@“ m&ﬁ Eh a}fs?mn |b55n§P&agfta llg{\el){a;?] %nt gyﬂ 1
sanpling or Ia&&ﬁedg@nmt@ rﬂfaeut{ay\mdvimerfasquplea@oeblcgmd siguding [meseik WQ"B@LK#)
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point based on a rising (or falling) edge of the bus clock (BCLK) in the common clock (1X)
signaling mode. The triangle indicates that a signal is sampled or captured based on a rising
or falling edge of a companion signal, termed a “strobe.” The strobe may preferably be on

20 or activated only during the transmission of information (c.g., data, addresses, other
information) over the processor bus typically in 2 multi-pumped mode.
A. Common Clock Signaling Mode
According to an embodiment of the common clock (1X) signaling mode, ali agents on
the processor bus 117 are required to drive their active outputs and sample required inputs.
25 According to an embodiment, every input should be sampled during a valid sampling interval
on a rising edge of the bus clock and its effect or result be driven out onto the bus 117 no
sooner than the next rising bus clock edge. This example approach allows one full bus clock
cycle for inter-component communication (signal transmission and propagation) and at least
one full bus clock cycle at the receiver to interpret the signals and compute and output a
30 response. As a result, after an agent drives data onto the processor bus in one or more bus
clock cycles, there is a pause of one bus clock cycle (e.g., a dead cycle or inactive cycle)before

another agent can drive the processor bus 117.



transfer of information at such rates or frequencies which are greater than
the common bus clock, the driving agent also issues or provides a
conmpani on signal known as a timng "strobe" 10 used by the recei ver
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asserted nmeans that a signal is driven to its active level (i.e., driven to
a zero for an active low signal), and the termdeasserted neans the signal
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: byte cache Jine used in some Pentium processors). Therefore, if data were transferred using
the common clock (1X) signaling mode and 64 data bus lines, 64 bytes (one cache line) of data
20 could be driven or transferred in 8 bus clock cycles. However, in many applications, it may
be desirable to provide a faster data transfer rate or greater bandwidth.
B. Multi-Pumped Signaling Modes
Ir many instances, the length of processor bus 117, electrical limitations (including the
latency for signal propagation across the bus) may preclude increasing the processor bus
25 frequency. Therefore, according to an embodiment, rather increasing processor bus clock
frequency, the multi-pumped signaling protocol increases the data transfer rate (over the
common clock signaling mode) by operating the appropriate bus signal group (¢ g, address bus
or data bus) at a multiple of the frequency of the bus clock (BCLK).
1. An Example of A Quad Pumped Signaling Mode
30 In the quad pumped signaling mode, the appropriate bus signal group is operated at
four times {4X) the frequency of the bus clock (BCLK). In other words, in quad pumped

signaling mode, four elements of information are driven onto the processor bus 117 in one bus



exanpl e signals are al so shown, including A# and B#, which maybe any type
of signals. For 5 exanple, A# may be a first control signal froma first
agent, while B# may be a second signal froma second agent. The f ¢ 8stUNaiies
second control signals nmay be provided as part of a handshake or bus
protocol, for exanple. As shown in Fig. 1, the signal A# is driven (or
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A#), and is latched at the receiver at a rising edge at the beginning of
bus clock cycle 2 (as shown by the circle for A#). Thus, clock cycle I is
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Because the data and the strobe signals are generated by the same driver or source, the

data and strobes will have the same path. As a result, the strobe signal and the data signals

20 should have the same path and therefore approximately the same delay. Therefore, an
advantage achieved by the driver or source sending both a strobe and data is that the data

signals and the sirobe signal will arrive in-phase (or synchronous) at each agenton the bus 117.

Thus, this technique of a driver sending both the dataanda timing strobe signal can be referred

to as a source synchronous transfer. In the quad pumped signaling mode, there should be

25 four data strobes (e.g., four timing strobe edges) each idennfying an information sampling or
capture point) in each bus clock cycle, one for each of the four data elements. Unfortunately,

problems may arise in generating 2 strobe signal at relatively high frequencies. At high clock

speeds, the difference between the rising edge rate and the falling edge rate can be significant.

In addition, it may be difficult to provide a clock signal or strobe signal having a 50% duty

30 cycle. As aresult, at some high clock frequencies, both the rising edge and falling edge of the
strobe signal should not be vsed to identify sam;ﬁing points as this may create asymmewy or

introduce a degree of timing uncertainty, Rather, it may be advantageous to use only one of



2 9 JUN 1004 clock cycle (which is the time it would take to drive one

el ement of information in the common clock or 1 X signaling node). Igiﬂ! ﬁ
is atimng diagramillustrating operation of an exanple quad punpe% N 2004
signaling node according to an enbodinent. Although the quad punped
signaling node can be used 5 for any type of signals, the quad punped
signaling protocol is used to transmt data according to an exanple

enbodi ment. Two bus clock cycles and a portion of a third bus clock cycle
are shown in pig. 5. The worst case flight time (or signal propagation

t: me) ?crossbt he processor bus 117 is such that a second information
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e
edge rate can poeidsitepfoirisiehss per bpyFlord aYR S WO Wik P AP PR Pt 18 BPSvi de
a clock sig nal(4ﬁfth§$1{sg#3@k §éqgé}f%&. Redtdng: t@anxPHoaibic)it, two data strobe signals (DSTBp#

and DSTBn#) are provided cach at twice the frequency of the bus clock. Thus, if the bus clock
frequency is 100 MHz, the two data strobe signals will each have a frequency of 200 MHz
20 when activated or generated by the driver (or driving agent). Alternatively, four data strobe
signals could be used (each at the same frequency as the bus clock when activated) each
providing one strobe or falling edge per bus clock cycle. _
Referring again to the timing diagram of Fig. 5, the driver sends or drives a new
information or data element on the rising edge, and the 25%, 50% and 75% points of the bus
25 clock cycle 1. The data elements are labeled as D1, D2, D3 and D4 for the four data elements
in this example. This embodiment also uses two data strobe signals, including DSTBp# and
DSTBn#. According to an embodiment, the two data strobe signals are generated out of phase
from each other (or in 2 staggered or offset arrangement). This allows one of the strobe signals
to identify sampling points for the odd data elements (e.g., D1, D3, D5, .. .) and the other
30 © strobe signal to be used for the even data elements (e.g., D2, D4,D6,...)
Although only two strobe signals are shown in the example of Fig. 5, any number of

strobe signals can be used to identify sampling points for the data of a source synchronous

10



30 cycle. As a result, at some high clock fre [ i Si
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fanpl ing points as this may create asymetry or introduce a degree of
Jlum ggoanﬁrtal nty. Rather, it may be advantageous to use only one of 9 2 9
the two edges of the strobe (i.e., use only the rising edges or
only the falling edges of the strobe signals for sanpling or capturing the
quad- punped data) to obtain nmore symetric or uniform strobe tinming or
sampling intervals. If only one of the edges of the strobe is used, then
this would typically require a clock 5 frequency that is a multiple of the
bus clock frequency. In the case of quad punped data (four ~data el enents
{)ﬁr bgs cl FCk E@?/s@dr.em notdd@beksinde bedsgrrally hdveterspesyo @ﬁﬁéﬂ woliele FERPF S Aes (4X)
e us cl oc requency, i f. on y iLedHANG mpti i
Unf or t unat el y,‘““’ihf‘t#ﬁé’“?)%/fodéeehs”ggéééé?gﬁ?%g ?%&] glﬁg?/’%?ggcgholgé MHz ](nfp h?g pé);(ms | e)
this }I\D;.H dHor egt¥irstes)avhilt lookensshgfnahericy effhesiee famals- Fog cxromplavits 6 'prli‘mf’??ﬂng ,
exanpl e) . wever,. a str i ; i v FERS
Cllock 1 equendly sl esh st Pl ot phpl e Rk Lpls Sl O et ed dat a
?L i 13f or mat i omhresnobivigeis baldtelpaiterly plSearrisyastisdruB bt Wé’bﬁléf%ﬂ‘g}?f&s dié’robe at
the recel ver. da%lgmfan%?ﬁ'd'[ﬂm%ﬁﬁzf@?&a\{%é@@zfazﬁcﬁjﬁdﬂh'&&&é3$ctrrd@|belcﬁi:rgnal and
e transmttet ata may cause the receiver to capture bad or incorrect
ﬂat ﬁ. f I n addi @3omd Dsiegmal attenuation can be significantly higher at such
i gh frequencies (6, GygindBn Mikokimehb orfip 85t e @wo @AGSQL tht BiEpbE: sigauts ersedi nent
mul tiple data strobe sighals are used to rovide the f
_strobe si : [ ] our. st robss r bus
clock cycle wiferidrtifyingiongynerguzingdatesyaring REys  REFS PRECYE P PIREE TS t he
bus J 0CK f I eGUERAS Yage AGCHE Bid1Gat Qe saiBlodicnBat 1o itiewtifipdiats Serrsaipeling Bnal s
(DSTBp# and DSTBn#) are provided each at tw ce (L 8QUENEY f celibiea bus
clock. Thus, ipforrEoRe<agy Wamf‘?(ébﬁﬁ@ﬁ@@“gé" %ﬁ‘%ﬂi\?ﬁ%& S{rﬁ’e {%H\Ao%éatcg 'StT obe
Sle gnal ts \ém Ibl teﬁgma ReHe folr ffceatan oy daf @BV Be fhiefllme eigea s grehes) of
erate [ I VI i
gener: Y (BT ET Lok ol b AIPAA. 37AL. 85 BALhY B Yoo doidfordiatis St r obe
gnal s cou _e(_ At the” sanme requency as the _bus c|ock when
activat ed) eacdlock@BOMK)kiynly. OFteresire, dletvorstrhlerl S anplg pistiige cpBHy BRASELTIORE Byl e.
Referring agai uit 0.4 ng timng diagramof Fig. 5, the driver sends or drives
a new inforna "8RS data el enent _on the risjng edge nd the %S(V 0% and
75% poi nts of the bishowtnEizobk DEFLI#ds driverric g "a‘llé—?"éﬂjéﬁfgmg’?ge"fl s cgd as
Di, D2, D3 and. b4 if @ shbhif b} Bldlsqéhdd Rr BIRENEBML DROY# indicates that valid data has been
placed on the processor bus 117 and must be sampled or captured. The first data element (D)
is driven by the driver onto the processor bus 117 at the rising edge of bus clock cycle 1 (as
20 shown by the first rectangle for D#{@driver)). A first data strobe signal (DSTBp#) is then
activated by the driver at the 12.5% point of the first bus clock cycle, as shown by the first
square in DSTBp# (@driver). Thus, the strobe (or falling edge) for the first data element (D1)
is centered in the first data element. Once a strobe signal has been activated or turned on, 1t
typically continues activated until the data has been driven onto the bus.
25 Also, a second data element is driven by the driver at the 25% point of the bus clock
cycle 1, as shown by the second rectangle for D#(@driver). The second data strobe signal
(DSTBn#) is activated at the 37.5% point of bus clock cycle 1 and provides a falling edge (or
strobe) that is centered in the second data element (D2).
Likewise, the third and fourth data elements (D3 and D4, respectively) are driven at
30 the 50% point and the 75% point of bus clock cyele 1. Corresponding data strobes (falling
edges of the data strobe signals) are driven or provided by the driver at the 62.5% point (by the
DSTBp# strobe signal} and the 87.3% point (by the DSTBn# strobe signal). Because the data
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in this exanple. This enbodi rent al so uses two data strobe signals
i ncl udi ng DSTBp# and DSTBn#. According to an enbodi nent, the two ?jatJéJN 2004
strobe signals are generated out of phase fromeach other (or in a
staggered or offset arrangenent). This allows one of the strobe signals to

identify sanpling points for the odd data el enents (e.g., D, D3, D5, ...)
and the other 30 strobe signal to be used for the even data el enents
(e.g., D2, D4, D6, ... ). Athough only two strobe signals are shown in the

exanple of Fig. 5, any nunber of strobe signals can be used to identify
sanpling points for the data of a source synchronous 10 2 9 JUN 2004
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two data str 0&%8%599{;}#, ﬁatﬁgr%bH%%%l Y T™hd FHvl&EyfopxCHmabes o eltirpabgds pexghus bleck
information o

he data strobes (or fall Q%%ed es ]of thee cLluscoctrobe
signal s) are ecxsinfor idgntifying gamomiing 07 (ARBTIRG BRING AT I §42 BFmEht B e gt s
Thus, the LouEy E@'Jﬂn@%&%ﬁg KOfre e @hESchafirobd. hBlcdave, Stirghedsiguiay ss wi | |
occur on the "

62. 5% and .87. 51/ 0_paints of .th
(BCLK) cycl e. S‘Wbﬁ@?‘?ﬁc@lse Ehﬁéarf’wggﬂ‘gﬁ% c%ﬂ"@j’ﬁeahgg)ﬁ]m@\/cdﬁ@ ‘%USE%F@C gtgégg?"s
strobes or 13, hahiaishébe@rigas. As shown |n Fi g 5, a DRDY# is driven onto

the bus 117 at the beginning of bys h uar e
for DRDY#). DRDY# ASETURE é%%f‘h“éffb*’a%f’d %Ia"f’s‘lr °°m6} &9’% a?\éml“%c% o8 e

processor bus jikdifnaabhrdnkist frdae ths dripheakentto saptagivescshodl be Iegsithan ofjenual f@ Pefrent

(D 1) is driven by the drive ntothe . LRGed hSh1
(oo s RSOt o B SIS b i

D #~@iriver)) sub%eciUcﬁtsiatadaaisaifshu“ mbtevq; bg:na]bs thOISTRMPFT Jusing H’érﬁ'e’“é.’éisi"vat ed by
the driver at the :&:Zg 225910k 1 a&n%g folt 8 HatP M SneGt QS er. CAfdr Bhe sRBalS AMANDY t he

first
data strobes) are driven by the driver, these signals propagate down the processor bus 1 17 and

reach the target or receiver. The first data element is received at the receiver, as shown by the
20 D#(@receiver) signal. The first data element (D1) is sampled or captured on the first strobe,
which is the first falling edge of DSTBp#(@receiver). The first tnangle for the
DSTBp#{@receiver) identifies the strobe or point for sampling or capturing the first data
element, and the second triangle for the DSTBp#{@receiver) identifies a point or strobe for
sampling the third data element at the receiver. Likewise, the two triangles for the second data
25 strobe signal (DSTBn# (@receiver)) identify the points for the receiver to sample or capture
the second and fourth data elements (D2, D4).
As shown in Fig. 5, the first data element D1 may be sampled or captured (strobed)
into the receiver afier the rising edge at the beginning of clock 2, and no sooner than lhf: 12.5%
point of clock cycle 2 (the next clock cycle). (As used heren, the terms “¢apturing”, and
30 “sampling” and “latching” are loosely used to mean approximately the same thing).
However, the data for all data elements is not latched into the receiver unti] the rising edge of

bus clock cycle 3. Thus, while the data element D1 is received and captured near the
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square in DSTBp# (@iriver). Thus, the strobe (or falling edge) for the
first data elenent (D1 ) 1is centered in the first data el enent. PICRINAN4
strobe signal has been activated or turned on, it typically continues
activated until the data has been driven onto the bus. 25 Also, a second
data elenent is driven by the driver at the 25% point of the bus clock
cycle I.. as shown by the second rectangle for D#(@Iriver). The second data
strobe signal (DSTBn#) is activated at the 37.5% point of bus clock cycle
| and provides a falling edge (or strobe) that is Centered in the second
data elenent (D2). Likewise, the third and fourth data elenments (D3 and D4,
respectively) are dri h 20% P n S

cl ock cycle be%??ge%féjﬁﬁaf%cyﬁgta gtﬂF b%maad v ﬁg£§o Q%ﬁ{e%hgr{tléhjrsét r obe
signals) are deglmﬁrﬁg dIhudl ekicgae3. ﬁ"yuctdqewdg agtevpreftrablh91062689%[5@(%&51 ipdystt he
DSTBp# strobe sign 7, 2%, t 1),
Because the dz?t";g‘f&r hﬁ“@“ﬁﬁ\’ﬁ"ﬁ% % Qg;g% %‘é‘g%’é 2‘?’ %rgﬂ%‘%}?ﬁéﬂbﬁ(ﬁk i

f requency t hakendugh toord ﬂmmu ¢120Gntt drf@nef dagpuesferand themb Ty slemewe kor theageth dat a
strohe signal wll ovi strab Kk

Syel s, This. EREEORNBRI B PEDE e aar et vk Bag A B e e at
the 12.5% and {62 d5ta%emmtasa eingtropped vy Btebtdok fr@ywcthteFTFWP the re¢s&DSTIBPAS! r obe
signal provi de falling edge t hoemed st s of
the bus cl ock E§%I'%e Ouﬁ'%"csqge Ean% datgefqgfggon tFat mk% \ﬁ%ngjggﬁgtrobe si gnal s
(DSTBp# and DS]BngbateawﬂosmaQQEmgdl gpuwmhﬁﬂnsmﬁa@éewwwré‘a‘éﬁ other. This

2l ows 2l ternating, sifaResahanghout pRii denfuriald 04 8408 ey nsinebe)
~every quarter of a i etween both data strobe signals).

Thi si0pr ovi des chpies ofstapbb’égieowfdatﬁlsﬁﬁy sanale SOPERPHOING RITHRR)- éﬁ?ﬂ"@“? Bran

| dentifying Sa% (ilnr'}lgn Ok /% ARUAHL MErsRQisihas SR ol S TEYTsigelat, as ekpeRad is uper bus
clock cycle I cf’ecrea5| ng the frequency of each strobe. Moreover,
timng and ci rfglinvtmgﬂabls sinplified because the sone edge (in this exarrpl e

the failing edge) is used agydife ShtdR@ni & D2BSHILEBSRraSE r Obe signal .
According to an enbodinent to ensure corfect-operatien—the—tatenrey—pf the

i nformati on tnansfer frq;mtatg}gnﬂglw ng agept to any r eteabeer shoul d bel | ess

than or equal pe—eRre—bus—ctockimos the[Tnput T aLch 33&#’@@' me. This will
avoi 16 contentijon on the dBR&YH nes for theé _subsedithi’ Rase if ihe

recei ver becorfes the bus ﬂzg:ggr]#durl ng thelnext ph]gngplElIggnijﬂal so shols the

capturing of t ecever—AH-er—t+he—stgrats—(data—=and
D[47:32)# DSTBp2#, DSTBn2#-
Di63:48)# DSTBp3#, DSTBn3#
20 The four DSTBp# signals are logically identical, as are the four DSTBn# signals, but each of

the data strobe signals is physically routed with a subset of the request signals (i.e., a subset
of the data lines) to reduce timing skew or misalignment between the data and the data strobe
signals.
Fig. 8 is a block diagram of an apparatus for transferring information between agents
25 according to an embodiment. A first bu;s agent 802 is connected to a second bus agent 832.
The first bus agent 802 includes a data strobe generator 1/receiver 1 for generating and
receiving a first data strobe signal (e.g., DSTBp#) over a first bidirectional data strobe signal
line 820, and a data strobe generator 2/receiver 2 for generating and receiving 2 second data
strobe signal (e.g., DSTBn#) over a second bidirectional data strobe signal line 822. Bus agent
30 802 also includes a bus transceiver 806 including a transmit circuit for transmitting or driving
data signals onto the data bus or data signal lines 826 and a receive circuit for receiving data

signals received over the data signal lines 826. The second bus agent 832 similarly includes
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data strobes) are driven by the driver, these signals propagate down the
processor bus 117 and reach the target or receiver. The first da8aU¥28)ent
is received at the receiver, as shown by the 20 D#(@receiver) signal. The
first data element (D) is sanpled or captured on the first strobe, which
is the first falling edge of DSTBp#(@eceiver). The first triangle for the
DSTBp#( @ ecei ve) identifies the strobe or point for sanpling or capturing
the fi Tst data elenent, and the second triangle for the DSTBp#( @ ecei vey)
identifies a point or strobe for sanpling the third data elenment at the
receiver. Likewise, the two triangles for the second data 25 strobe signal
(DSTBn# ( @ eceai s sirbbd geBlaioh ¥ ehdLd 4204066 gdndratok neorrgaceeatmg twd Gatsanpt ggoils
capture the second and fourth data el enents % C) shown .i.n FII%(
the first dat® & hefa ﬁ"b%@“a&ém’s‘@%ﬁwz&mﬁé tared PE‘E‘}DBIS EEy ey ClPHe
recei ver after eﬁé?ﬁoml@llﬁgn@e@%caﬁlnmer Be@ink 06ckab bed Qs 202 aad3no sooner

than the 12.5% point of clock cycle (the next clock cycle (As used
herein, the terms "capt u-Majehing 'GSBBedltiftEPa‘M)‘fﬁeﬁd}“Séﬁ?dh“ E\g are

| ooseg] y used to ”eaﬂctﬁi?@ﬁ%% I20RE8dHmiBLSRAR: trdisAghas be&‘ﬂﬂﬂ&b’zﬁéd totGhﬂéyiéﬁ{ttlﬁ?c f or
all data elenments is not t

chedlntothe-recele unti| e ri %de
of bus cl ock %eghe ineizeTip Feme Fptjvg PIRESSERAE B | RsAt THPS: “é“‘ﬁ SR é?” R

captured near sgé%ginlg%r&o&l AN 2004s BRGA S iRG4Qhta D, £4:08KireY& 168 bidtes)@bd bd he

data is not made available to the receiver until the begi nni ng of bus
clock cycle 3.trappeitedertaprisgedindtie Pk Fuisy includes a FIFO (first in,

first out) bujsfigtesthatyds § dnﬁ;,ls,% i) @byt QeLp@hght data eI errents The
ei ght data el eneberilytethFC; ) Wﬁ eﬁf)ﬂgh 3ftosqitore thg four rrents of . one
1

dat @ ransfer and tfﬁfé”fi‘fé&tn SPE‘E E’é’l”é‘r?é??ﬁ%“"lsoarmﬂ%é‘(‘ﬁ‘é]% ”S“E?dgffé ésrmmlfﬁ”%d

al lows four newndadirseloerBRles. T thee hRGRicK efticand tkapiudiigtasetir| eme Rentium
previous four data elenents are being popped or |atched out fromthe FIFO
to the recei verroceses Rgvdeddhs fadewing four times the bandwi dth of the common

cl ock signaling WDd%ycw. 1 subpBaset f afatesoOfprovasdd big Heali @B Ppud)pind b Ingpe fof regiest

signal group latched insjde the receiver or device. In addition, according

to an enbodi ne§te; Tﬁﬁi??%]e lines are used to carry nultiple 10 copies of

eachyof the two dat @.ycsetzQb@pﬁdsgmaalusmé@ﬁ?@p#oameasmn#l)mmmmﬂmng1emgxhan

enbodi nment, ther f our TBn# Si four DSTBp# signals, as
Griveee TR ! Dat a

expressed in tfe SXFTHYE & gﬁfsehm sodi nent of Data Strobe
Cover age _ Cycle 3 - a dead cycle or turnaround cycle which allows signals on the bus to quiet

down to allow another agent to drive the bus. )
Thus, according to an embodiment, a cache line can be transferred over the data bus
20 in two bus clock cycles. However, in some Pentium processors, the address and request timing
requires three bus clock cycles for transferring a request. Thus, in some Pentium processors,
the address bus timing or bandwidth does not match the speed of the improved quad pumped
data bus as described in the above embodiment (see Fig. 5). One of the more scarce and
valuable resources is the data bus width and data bus bandwidth. Thus, according 10 an
25 embodiment, it may be preferable for the data bus bandwidth to throttle or Jimit the processor
bus, not the address bus bandwidth. Therefore, to prevent the address bus from slowing down
or throttling the processor bus, it is desirable to adjust the address and request timing on the
address bus 1o at least match the bandwidth or speed of the data bus (in this example, for the
transmission of one cache line on the data bus).
30 Therefore, according 1o an embodiment, the timing and speed of the request phase
provided over the address bus was adjusted to match the overall speed of the data bus. It is

desirable to maintain the dead cycle or turaround cycle. Thus, according to an example
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15 Data Signal sStrobes D[ 15-. 03#DSTBpO#, DSTBnO# D[ 31: 16] #DSTBp 1 #, DSTBp
1 # D[47:32) 4DSTBp2#, DSTBn2# D[ 63: 48] #DSTBp3#, DSTBn3# 20 The four DSTBp#
signals are logically identical, as are the four DSTBn# signal s, ZBulJNg8sh
of the data strobe signals is physically routed with a subset of the
request signals (i.e., a subset of the data lines) to reduce timng skew
or msalignnent between the data and the data strobe signals. Fig. 8 is a
bl ock di agram of an apparatus for transferring information between agents
25 according to an enbodinent. A first bus agent 802 is connected to a
second bus agent 832. The first bus agent 802 includes a data strobe
generator 1/receiver | for generating and receiving a first data strobe

signal (e.g., DSTBp#) over a first bidirectional dat aé_&trobe i n{;\ l i ne
ey LR

820, and a datenistmehe thyesteabey vo/doddepiged B Fofdegan S yp &8 vi ng

a second data oh8 ¢ ?ébéfﬁihegr 1 RSTBA busQ¥RK clsecond bi di recti onal
data strobe si g}%g{ %%lne gﬂ Bus gae% 802 al so i ncl uges a bus

transcei ver 806 incl udi nl Ad Bremwis t"’é?'{b&ﬁ‘tmﬂe&rs‘&“r"ﬁ?m $ing or driving

data signals onto the dabp,QusiRlo Bdmolinghek dbuwmnﬁecﬁslmdn@nbmwes

circuit for receiving data signals received over th a.s es
826. ¥he seconthe brpsopsigisius BBRNING SFEPALFe (40 s g Py “ﬁ% U&P%ggg}“ ;’(

strobe generat gts 1;aRQ ddeRal Audhhi e@ﬁ&esfadnwxaxaplé deublenermad isiggaltnamodat a
strobe signals onto the data stro

S

respectively. #ceifgdn Grosyepenyh ’HLF§Y %a&ﬁ(“ay} rij«g\%’i %”mpéi’og’f) POUERY T he
conmon or systga%nﬂﬁnﬁhﬂﬁmn§anmﬁﬁmﬂgents 802 and 832. 2. Matching the Speed
of the Address Bus To_ the tg Bu qrding, a d hgscache
line size has been Fﬁ%?@§§5% tog ziﬁ#f@% EPRé cﬁ% &gi gggﬁgghfﬁ @%S
Pent ijgm pr oces3pie dbble3Rmpyd Shaling r;rdwsWo tisinergs dffirforpatieh apedrpyenionts thgHed ' ng
protocol and a_data kiR GRS 0HE 18, 4Phng 64
bytes) can be ﬂFFﬁﬁéW?FF£%¢%$“FP%ﬂ%?g?gédgﬁ&%mkh&ﬁﬁg:cgﬁ Ecoc gs 64gbytes

(2 cycl es) Xofedbusdofisdycly IDe} to B yneor pewal ygpﬁg}tlon time on the processor bus 117),

the second signal group or information element may be driven at the driver before the first
element is latched at the receiver(s). According to an embodiment, the driver sends a2 new

15 information element on the rising edge and the 50% point of the bus clock cycle.

As shown in Fig. 6, sub-phase a of the request (Aa) providing the transaction address
is sent on the first half of bus clock cycle 1 beginning at the falling edge at the beginning of
bus clock cycle 1. Sub-phase b of the request (Ab) providing some auxiliary details for the
transaction is sent on the second half of bus clock cycle 1 beginning at the 50% point of bus

20 clock cycle 1. These two information elements are shown in Fig. 6 as the two rectangles for
Aa and Ab for the A# (@driver) lines. (Aa indicates sub-phase a of the request provided over
the Address lines, while Ab indicales sub-phase b of the request provided over the Address
iines). Thus, the address bus is double pumped because two information elements {Aa and
AD) are transferred or sent during one bus clock cycle.

25 In addition, because the information for the request will be sent using 2 double pumped
signaling mode (two information elements per bus clock cycle), the information is preferably
sent as a source synchronous transfer. Thus, in addition to the two information elements, the
driver also drives or activates an address strobe signal to provide two address strobes per bus
clock cycle (when activated). The address strobes provide or identify points for sampling the

30 two information elements (Aa and Ab) sent on the address bus.

According to an embodiment, an address strobe signal (ADSTB#) is used that is the

same frequency as the bus clock (BCLK). However, to provide two strobes during the one bus
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10 However, in some Pentium processors, a request (including an address) is
transferred in three bus clock cycles. The three bus clock cycl for the
request phase for sone Pentium processors included the follown :QQW%F&MI

- sub-phase a - address (provided over the address bus), and a type of
request (e.g., read, wite). 15 Cycle 2 - sub-phase b - auxiliary details
for the request, including byte enables, length, etc (provided over the
address lines or address bus). Cycle 3 - a dead cycle or turnaround cycle
whi ch allows signals on the bus to quiet down to allow another agent to

drive the bus. Thus, according to an_enbaqdi miant, (& cache Iiagv\.@@)n b%
transferred owckehde dabhdalhng cdeppandisings il IR yETES B ONEVEF %% sone
Pent i um pr ocesgoles or B AR EESFing PinlsEBURS twd infirgtionlc@dittntsqiotibdde@ehils

clock cycles for transferring a request- Thus, in sone Penti cessors,
the address busdesshiunghsshownindis: b HyeecHBes Aad fr'isstsﬂgbes*&@é‘dxg’]rs% @t the

| mproved quad qyr r et BeibMS1eaSwHESS ke BaflerioNintdhgamh eumcpTyad). meBédig ee
Fig. 5. One o %&Qﬁore s%aﬁ%g aﬁd 1valcuabl e resources is the d%ta bus

wi dt 5 and dat ao busmbrsliehn. dherrdarprR s obe ot E ArshBTaHRLHT SR DB AT RSS2 rray

be preferable ;AR YSHP aMeh dE bR AT sl gRa1@8riveh B the 24% p@ft@EesSOr
bus, not the égg{%&sﬁgﬂﬁg& bz;:ndvxﬁ dt h%‘lghéer efore, t

_ 0, prevent ﬁhe addr ess bus
from sl owi ng dosmloclogycterd.orttleithiopdgrses okt 6s ts Feppnfqrpatog ¢ Fi %8 =%

adj ust the ad RAUEShrotibidl 2ehe O AL BSEBHUgal @riadn dt @ass mat ch
t he bandw dt hd%%&?p?gg‘gr%f Pheéraéta bué (F%&t%ﬁ?s exanple, for the

transmi ssi on afeindnEbwsaterlecyciane- on the data bus). 30 Therefore, according to

an efgodi ment, the #j.HiRGARHRPEECBE nishardeauesht iphassane puetudeldcowber t he
address bus was adj usted %o mat ch the overall speed g

f éheeﬁﬂ%ta bL{ .blt IS
desirabl e to neisalosk foelfeotdeaerdey tr sTdr siegral IR s e RY YT LRSS R8I ng
to an exanpl e Jgi2igRa13biy ndORdvierinach 418 Mllinglebges ady #pphitstimes Metberthpunped
to provide two information elements (sub- phase .a an&sgb-ﬂahaegm fin%he
request) in onesklpek SpBliRaliEpys astivaied GEPPRSSEHISPSTEF SR DALY 8 BAND &Y SYRal i ng
Mode I n genera) ¢RGChGkdHBut Gamiifere MPRChdIBRE strabe dizudllie updnp evosdegriabésng node

S]P e: ?éezu S 50][ gﬁe:aw% 1&@:}%’1; ?o%?l&btyv% i!?fio%la%loril enlgrngxgts(? H&Qza&% t}:[lcvgdgl%ss(s%r&c gigﬁl zal}xeog uency

activated (turned on) and de-activated (turned off) regardless of the state or phase of the bus
clock. By having the strobe driven from the same source as the information, the delay in the
strobe matches the delay in the information, and hence allows more than one bit to be on a wire
at the same time. -

20 The information elements (Aa and Ab) and the address strobe signal propagate along
the processor bus 117 and arrive at the receiver at the beginning of bus clock cycle 2. As
shown in Fig. 6, the first information element (Aa) is captured or sampled on the falling edge
of the ADSTB#(@receiver) signal and the second information element is captured or sampled
on the rising edge of the ADSTB#(@receiver} signal, s shown by the two triangles on the

25 ADSTB#(@receiver) signal. Thus, it can be seen that the receiver deterministically captures
the data or information based on an indication from the driver when the data is valid (and
should be captured).

According to an embodiment, the latency of the data transfer from the driving agent
to any receiver should be less than or equal to one bus clock cycle minus the input latch setup

30 sime. This should avoid contention on the address lines (or address bus) and other lines for the

second or subsequent phase if the receiver becomes owner of the next phase. The net effect
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6 is atimng diagramillustrating operation of an exanple doubl e punped
signaling node according to an enbodi nent. Wile any signals nayZ@Qumqm?Ie
punped, the address bus is double punped in this enbodi ment. Referring
Fig. 6, the ADS# signal goes |ow at the beginning of the request phase.

I n the doubl e punped signaling node, two elenents of information are driven
onto the bus in the tine that it takes to drive one el enent using the
comon cl ock signaling node (i.e., during one bus clock cycle). Due to
flight time (or signal propagation tinme on the processor bus 1) 7), the
second signal group or information elenent may be driven at the driver
before the first elenent is |latched at the receiver(s) According to an

enbodi ment, the dri s.a new .1 or B8nd HEn ng
edge and the gbbyflbﬁot an%\f’l@ﬁlhoé n&rgon ]%cglgl allnFn%E tﬁ!’.\%’i"]&?ﬁ 9c|ﬂ é!@@: (l:)) f%f'

sub- phase a ofthd h@tsﬁ@ﬁl@sﬁp Heha )iat«mmbmsdcngcbﬂ‘n@ntmanszamqron addr ess is sent

on the first half o ock .cycl e qinn f.alldPg vedge,at the
begi nning of bus cﬁ‘%grlémé% f'e Enib&é eBt ! earseewtgr 13?19? e rlg%lljees Ab) provi di ng

sorre auxi liar ystcdﬁhg dadr $nfif)mrat1d§d’k€}cm¢nlt aan;amteld overitts: adémss bop durivg theaeorsel Hagef  of
bus ock cycl Tl{e)om% ﬁp:nmlexag fr%‘rtn sLWﬁha%Q %ﬁg(? gu@%phg)se bbcﬁ $né quﬁéspﬁ)l%eqy&:t\@d na These

t wo | formatio s are sho two rectangles for Aa
and Ab for the:aﬁuﬁre(i@hhe}?@ﬁ)Whlieraégwmemahwmpnmelsm%mﬁ(ph?@é rhassP apdiesuPequest

provi ded over .06 A9 GRS |LbnSs, vl GudPuk PlicRAk ekl briheasd of Lhe

request provi 0p over Address Ines). Thus, the address hus is double
punped because two Th@fe@nmtqﬂmnaetpenewb%dﬂ(ﬂm aaih’ﬁlc 3%)3%&?‘@’%5}‘88?45}? wef eldhor

sent during ong By ﬁ&ébgfgs &Y hecroddo |p‘?o@diqhé 1tRBes BEARUSSE iffBiehatitd SlemBitd On

for the request WI € sent using a double punped signaling. node (two
i nf olfrat i on el wamsfared pesr tsaddresobik: cAicthess fregysacieniop sttt f%obb#@Fé?fam y

sent as a SOUrﬂ:&us.ﬁ/é}czﬂrtﬁ)éq@déscléckasfg%ﬁ]?rmgn-gh&)c&nualt:&a 0t tal RELIEN, H\h’tﬁed\*é@ any
i nformati on el enent s h driver drives or i vat es afg'
¥ 8“1“\/\/%

strobe signal YTBEEYindhe TTABE duid eIt PYREYE PEFD! ‘B’ﬁ ccause SR
activated). Thaeadey #8samin@des: Pls@Vdcieyos. Heaeatd sfn}glq)ﬁidl‘HSSStfde asaﬂphmng t he

30 two information el enents (Aa and, Ab n_.the add . e di ng
to an embodi nefitauengy aéﬂ’drb&@&é‘t‘f’ 3@&%’?‘& ]eg(aﬂﬁ)gﬁ’%sdglcssar%g%g {jﬂ%}j %%ggtg {1
sane 1kr equencyusas idr e abdtﬁsseirmleig@BCLK) However, to provide two strobes
during the one bus %g ZU%eIJUNl\ZIQ orgwg (Iirg%gt:r(i% 6129 lpcatmﬁl‘.ljéeﬂgmﬁﬂgﬁson@%@

ri sing edges of the Fesd used
the edges of each address st:robc signal being used as a strobe. For examplc a first address

strobe signal activated (having a falling edge) at the 25% point of cycle 1 and a second address
strobe signal activated (having a falling edge) at the 75% point of cycle 1 could be used. Thus,
20 the activation points of the two address strobe signals would be offset or staggered. Because
only two elements are driven during one bus clock cycle, the frequency of the address strobe
signals could be chosen to be the same as the bus clock frequency, or another frequency.
Fig. 9 is a block diagram of an apparatus for transferring information between agents
according 1o another embodiment. A first bus agent 802 is connected to a second bus agent
25 832. The first bus agent 802 includes an address strobe generator 940 for generating an
address strobe signal (e.g., ADSTB#) onto a bidirectional address strobe signal line 920. Bus
agent 802 also includes a bus transceiver 906 including 2 transmit circuit for fransmitting or
driving address and other signals onto the address bus or address signal lines 926 and areceive
circuit for receiving signals received over the address signal hines 926. The second bus agent
30 832 similarly includes an address strobe generator 942 for generating an address strobe signal

onito the bidirectional address strobe signal line 920. The second bus agent 832 also includes
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strobes or to identify sanpling points for the two information eI enment s
provided over the address bus. As shown in Fig. 6, the driver bl vates an
address strobe signal (ADSTB#) at the 25% point of bus clock cyc & JUN 1004
which is the center of information elenent | (Aa). According 5 to an

enbodi ment, the address strobe for the first information elenment (Aa or
sub-phase a of the request) is provided as the falling edge of the ADSTB#
signal (driven at the 25% point of bus clock cycle 1), while the address
strobe for the second information el ement (Ab or sub- phase b of the
request) is provided as the rising edge of the ADSTB# signal (driven at the
75% point of bus clock cycle 1). 10 Even though the address strobe has a
frequency that, s, 4:08iveaT8 iRRiding @ rdaeise cﬁIIc@:Ceku,d attfagsmi burs uic foodosgittng SEASt  be
used as the strobe signal for the inf Oﬁ onseagmsnt)% because the bus
clock signal doescsivee PEel GRFPENY AR ST 'R €dgés at the appropriate
times. Mreover, thg jeRHSeduboRKa Bitgaalsicr sf cabmayxshamam\baltrerdrr(l ipppoBed to a

strobe si gnal that is actlvat d on prin
ranster) . Theleercksemebone SraRTeT aeen o DR Er e it

sanplg ng poi Nt;$fedfus HIB& cw@sugﬂéﬂfeﬁaibnmn@édemnhrmrb@eaﬁw bothethg edfres®!Sst r obe

signal can be actiyvated rned on d RELIr bus.
regardl ess of avﬁé“céiﬁtéﬂjés‘]&?f’e e B !tl"f’"loudlﬂ3 ?W% Kf(%ﬁo%g %%%% ({a%ia sbtrobe

driven from t &8 0BeS0d oRd Ao hfenot alf @Mhatqn@nnma henatiiealrfavafisﬁ"ttﬁlqé‘sm%’EhFobe

mat ches the delay in the an ITB.tI&) and hence allows nore than one bit to
be on a wire <AFPMeRgogiE) PEHRE"E DB “The information el ements (Aa and Ab) and
the address stygbRe@mnGaahe PrsaEpagaddoahaligy Bet&apr dckeSHek CHl® 117 and arrive

at the receiver at nin LGk S ek Redreqhit and BO¥EEnEwidd g. 6,
the $9rst informat |Aost}le§f’§%eﬁ?ve %a?lfofeg%g%‘%t ﬁ’r ed or sa rﬂlq ed on th(ﬁvn(gﬁ ling

edge of the A%I@#b@seoﬁmwle rp)nmsngmaﬂmamtqc% E’@&@ﬁﬁaﬁemrﬁ?%&qa KRent is
captured or s \%rg cﬁ:css bu& anE| Bad B d@«%ﬂgﬂ@m gfa b} 1sAQ§T\Bﬁ{O@1ﬁﬁﬁng Ith)e dehgwsal , as

shown by the t es on the 25 ADSTB#( @ ecei verL}t 199 an USpal T Can
be seen that twetr ¢adingsr wmlérqﬁnm”é‘théﬁ’ls‘l"? c{o5l9pE PELOUPR dORGIEY B

i nformation bag AL JHQ'b&@twffmsqmtme%drsbdxﬂrsonmﬁ’nhdRaatzutauaapc¢ssora/al id
(and should begggg% d%a According to an enbodi nent, the |atency of the
datalfransfer fromthe driving agent to any receiver should be |ess than

or equal to one busyGLRE kel Rod¥isbisa dofrenoh njpuk sigeiog modd vy usgDICtRENt Thi s

shoul d avoid contention on the. a w e :@ej}qc eliker
lines for the S‘é‘é@ﬁﬁ“ﬁfiaté%g\&fﬁgf“ Pi'ég%éﬂ%%]%ggrg’gﬁﬁ? %ﬁ%%bnes (;]vvner of

the next phasey, pEh@nsfieded foactius clock cycles. According to an embodiment of the invention, the
cache line was increased to 64 bytes, and a quad pumped signaling mode (transmitting 32 bytes

20 per bus clock cycle) can be used to send a 64 byte cache line in two bus clock cycles. In

addition, in some Pentium processors, a request is transferred in three bus clock cycles,

including sub-phase a in bus clock cycle 1, sub-phase b in cycle 2, and a turnaround cycle (or
dead cycle) for cycle 3. According to an embodiment of the invention, a double pumped

signaling mode is used on the address bus to transfer or transmit both sub-phases a andbofthe

25 request in a single bus clock cycle. This reduces the length of the request phase to two bus

clock cycles, which matches the length of a cache line transfer (also two bus clock cycles).

Thus, because a request phase has a length of two bus clock cycles and a cache line transfer

requires two bus clock cycles, the beat rate or beat frequency of the processor bus may

generally be considered to be two bus clock cycles.
30 According to an embodiment of the invention, the bus protocol was retuned or

modified to adjust the latency or delay between the beginning of successive phases o more

closely match the new beat frequency of twa bus clock cycles for the processor bus. Fig. 7 is
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16 2 9 JUN 2904 is tw ce the bandw dth of common cl ock signaling node with
the effect of adding latency for the first signal group being | af @it 2004

i nside the conmponent or receiver. According to an enbodi ment, the receiver
i ncludes a four elenment FIFO buffer for storing four infor matl on el enment
transmtted over the address bus during the request phase. 5 This allows
el ements from sub- phase a and sub-phase b of one request to be received and
captured in the FLFO, while allowing at the sanme tinme elenments froma

sub- phase a and a sub- phase b of a previous request to be read out of the
FI FO and | atched at the receiver. Therefore, according to an enbodi ment, a
singl e address strobe signal is used at the same frequency as e bus cl ock
to provi de the dggrgpdesthbpg %‘ﬁ@”tl%mllﬁ%bfﬁﬁf]"t’@’nb"é‘f“"é’ﬁérﬁ’f‘%““oﬂ? ‘l‘sl‘:% G

over the addrgs3s;bes req‘e\gst tsh'&)%%ncf T SRHRDELERS. hatiridie (adiresat @caRbeop irile sanme
frequency as the bus clock signal), gnhal attenuation i

Mbr eover, any fesa@fﬁfﬁ?ﬁ? yPhaWS PHesheph 6%@&&{39536%15@%&%3@%8&@3 tloﬁlrj%bl em

because only RS E KB 19 hdic ik € HRALSorAE Ry bétRB&Phist £ Ahp 8fst Mbisbecindickescy Cl €.
Hence, a single address strobe at the same frequency_as the b S clgck in

whi cA both f alieiHpmymaupbenof ussirgk eycks BetyeayhalesupPggErRhages AS 'FE c”f% ged for

the address stgRl@ninRalessof, WElld1RE sedtBH Humbed (i @m()ﬂénttae\&&)maddbﬁs&esft robe
signals can be used, with onIy one of the ed es of g@% addrtes§ strobe
si gnal bei ng iREURdAtEncy thelsEn PRASES alten | s PP ?‘io ¥S AU S8 TR dB B gnal

activated (havicbdy Aatidht hagr&dseuedl of M@ b2158’fbﬂ@dyﬁtes af oty eleauinbarisshawsecond
address strobe signal_ activated (havin

e). at the 75% poi nt
of cycle 1 colPtirpiEaeidea] theygigao ﬂt’ﬁg“:gﬁlﬂ’?f ?IF%CH%f)WP’%T%‘aSOEf asttf'?gv e\r}\/ts)mgddress
strqgpe signal gemmit Hodeoftfzhé @l erfiodrteapgareaidvenBacause onl y two el ements are
driven during one bus Cé

ck e uenc f 1 e
signals could be ch5aeh '13%5’"‘5 etnﬁg‘h‘é’gﬂ@e’gg hem'btﬁ%&’c e’éék Zﬁé%{cgpﬁ
?not hfer f requemfyus clatclgcycﬂ):sl Refarrink actig. dj &gmammhlamcapmattgsbefgggg gol: an A
ransferring information .
first bus ager?f i iopi léase ngdﬁté\(,:\% dmfng%?s re@@%ﬁﬁgﬁ)gg&?g%ﬁ @tmg( §3t2r Tﬁe fi rst
bus agent 802 rémahsusidmngad zathdres slogk ryolse Fearsinanior 139‘419)’ from thydseiPains ol an
addr {&SS str Obeﬁque% e tﬁ)?he%egigé‘gégm)io B%E%c ar pﬂrﬂ'szfcﬁ@ﬁ 129 Bah daddikassonsfobobe

S|gnal line 92 ent al so i udes a bus transcei ver 906
i ncluding a tl’oaﬂslmlt cyelleaf touthtee Fysiest TARTARTRMeRsY beryern e GeREire e’ AP ot her

signals onto Tplﬂgse%gﬂg ﬁe%?nnl?&é%f Q '}esé&g{ PhRse ShSiRaknchil}esatIROLRRbCR cyodB eTHE
minimum latency between the beginning of the request phase and when a target agent can
assert the TRD'Y# signal has been decreased from three to two bus clock cycles. The minimum
20 latency from assertion of the TRDY# signal to the beginning of the response phase remains
unchanged at two bus clock cycles.

In addition, the minimum latency between the same or correspondmg phases of
successive transaction has been modified to more closely match the beat frequency of two
clock cycles. Referring to Fig. 7 again, the minimum latency between successive arbitration

25 phases (e.g., minimum latency between beginning of arbitration phase of transaction 1 and the
beginning of arbitration phase of transaction 2) has been decreased from three bus clock cycles
1o two cycles. The minimum latency between successive request phases has been decreased
from three bus clock cycles to two. The minimum latency between successive snoop phases
has been decreased from three bus clock cycles to two. And, the minimum latency between

30 successive response phases has been decreased {rom three bus clock eycles to two.
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circuit for receiving signals received over the address signal |ines 926.
The second bus agent 30 832 simlarly includes an address strobe generator
942 for generating an address strobe signal onto the bidirectiongﬁ.thMﬁss
strobe signal |ine 920. The second bus agent 832 also includes 17 2 9 JUN
2004 a bus transceiver 936 including a receive circuit and a transmt
circuit for transmtting signals and receiving signals, respectively, over
t he address signal |ines 926. As descri bed above, a data transfer of one
cache line can be transmitted in two bus clock cycles using the quad
punped signaling node, and an address request can be transmtted 5 in two

bus clock cycles using the double punped signalin e. .Thu e
addr ess bus” and théa@]‘mféhem%seh‘éi\}]é’etdﬁ%”g%flrf’éongéf’é atbﬂF{)%glﬁ?)aﬁ’f’ i O%P?%B%rg%{)i des
a bal anced prQressakadatSto thdBik §rotocef REHM SRsenBitechritmal toiafdecredse al latepfy t he

remai ning signals are transmtted using the comon clock (1X) signaling
mode. VI 1. Rebeiniesigphese (Birse Pioreaear [#egot 56 My Beat Rate of 2 O ock Cycles

: 10 As descri bed aQ@%@ar&ﬂgmgﬁg§ﬂ§§&hmb&ﬁqméamlﬂﬁ&wﬁﬂﬁ%ﬂﬁﬁ@ﬁhﬂ@qbegﬁmand
data bandwi dth through the use of nulti gu ed si qgliqgmﬁygtgﬁgkg ed NI S
i ncrdase in r ebasedt WhishAFRAYEHDEERAT PoepraCs TPy “?ebtfg% HERE BERAW ath (on
t hehdat a bus) gleSydBHer thd mgbfcﬁ&ﬂé;ﬁ@amk Agudshghastatine Iﬁrﬁ subngheltel{suberzhatei ) e§) |

wi t hout using an expensive cl ocking or routing. topo ....and

mai nt ai ni ng t e mawst Bass.can HBY SR A EB1 aé@re Sgge% dlmrilcnsE(’)ﬂ()\n;rl’eg (L)Vft h e

Pegti um pr OCS%%QJa&aonJaﬁdr_leﬁ aﬁ@_gmfri]d?@mﬂf&ma?&gsee@mmgpiag n?nmmmméwcﬂ&- hn@tgtnal6 i4 ng
mode was used to transmt eightbytes o t aper _bus ¢ d g

data |ines, whirend peraipteEdrpasd BW@ rwaﬁghals ’n‘éa"mflsoauﬁlelgﬁrﬂg%}s{’%tﬁl g | t|ﬂn f our
bus £ ock CycClgfestACEREHRGhE Busaly, erchditighptatnabfes (inkicating ehich éata biitseviligache
line was increased to 64 bytes,. and uad hu i | A% +i0R R Eormation.
(transmitting P@”Wf’%’gmgﬁa%@g’?ﬂf e”c?flg%f%m(’:s?%{%g;gg%gﬁ dbogﬁglsréeng o send a 64
byte cache | i m@eififst bxedans subhdedes oy dhies. duting ona o ddck aycld. sgaers! tPEFRTHIAEN

processors, a request. is transferred |.n re SviSdhOE Ko Gi¥Ed RSy the bdisdstidi Ng
sub- phase a i f°BRE" dB’&ﬁ?"?fé?aélesi,mfgmﬁb%#ﬁgé%gd%)ﬁ chglcl e&g, and a tur naround

cycle (or deas)ysdie hhera IndeladragsferAgteor di ng t o an enbodi nent of the

i nventi on, a doubl e, punpe i b N%vBRAE S F 50 Qo PRescATEY B8 BtiHs t 0
tran %er or transmit CB%F"ﬁq%aﬁ%%%ﬁdg}sng@’ gg;gndnb 1)]‘ t he 25ptﬂrqe_q1§e t in ava!i ngl e
bus cl ock cyclfem faissoop pbase wdicathbetherghepddiess dren 0HR BRI PAREE 5T WS 'bus

or modified (dirty) cache line in any bus agent’s cache. The snoop results also indicate
whether a transaction will be completed in-order or may be deferred for possible out-of-order
completion. An agent can delaya transaction if it ié not ready to snoop by stretching the snoop
20 phase using a snoop stall.
Each of the phases will be described, and highlighting the differences implemented to
decrease latency between phases (where applicable).
1) Arbitration phase: No transactions can be issued unti] the bus agent owns the
processor bus 117. A transaction only needs to have this phase if the agent that wants to drive
25 the transaction onto the processor bus 117 doesn’t already own thebus 117. Accordingtoan
embodiment, a bus arbitration protocol is provided that supports two classes of bus agents:
symmetric agents, and priority agents. Processors on bus 117 typically arbitrate as symmetric
agents. The priority agent (e.g., system interface 116) usually arbitrates on behalf of the VO
subsystem (IO bridge 124 or VO agents) and the memory subsystem (memory agents located
30 in the main memory subsystem 122).

An example signal group which can be used to arbitrate for bus ownership is shown

below (As used herein, the # sign indicates active Jow signals):
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cl ock cycles, which matches the length of a cache line transfer (also two
bus cl ock cycles). Thus, because a request phase has a length qf .t ﬁ S
clock cycles and a cache line transfer requires two bus cl ock 3%%”@@2 rhe
beat rate or beat frequency of the processor bus nmay generally be
considered to be two bus clock cycles. 30 According to an enbodi nent of the
i nvention, the bus protocol was retuned or nodified to adjust the | atency
or del ay between the begi nning of successive phases to nore closely natch
t he new beat frequency of two bus clock cycles for the processor bus. Fig.
7 1s 18 2 9 JUN 2004 a diagramillustrating the mninmum/latency or del ay
bet ween transacti on phases (including arbitration, request, snoop and

response phases). Arbitration OH?@ noop and response
(Resp) phases are shown for tﬁgmﬁﬁ?{”%z ?#sa?tl on | and transaction

2). Nunbers gre—shown To indicate & enc r del ay. hases.| The
first nunber iREVEE¥BNAe he nj ni miptHl pon] bus—¢} S'E@ﬁmm 09 betwelen t he
begi nni ng of F’%?ﬁ%%@@%gkﬂﬁh?ﬂ&ﬂ%ﬁd [ @R[ﬁgﬁre Pentium mmms[ssmts whi | g t he
second number S—r—parentheges)y—ndicates tt nimom 1 at ency

bet ween phases ] Paf)xt;@rAgbrt\éiubEsqupnot oc®BPRES adj ust ed of P8t uned to nore

cl osel y mat ch [the Tiew beat Trequency two bus cl ockgGygles. If only] one
nunber is ShO\\ﬁ?IOCkﬁwgfﬁq}ﬁﬁ} cates ThriB(R] #prp i-s—no-chahge—in—the—delay| or

| at ency bet weg q&gpases as between sg mquko Penti um prpboeksors and an
enbodi nent of “he—+nvent+on—As noted—above, the m nl num 1l atency between

the phases shown in Fig. 7 is typically two bus clock cycles, Referrlng to
Fig. 7, the nmi n| Ui atoeessay bbet M Brwsepiurdisy fBFTGo SMulpPeos b PHAEI S phas e

and the begi n Qn%acasm%f%%g oIS B bl | ATS3GIoh Gl ok otaingyriosind | on
e

1) remains uncﬁan us clock cycles. The m nij X fromthe
begi bhi ng of asclidne émqbwatpﬂméﬁm%%%eqﬁé@i HETRY ?)‘fcq‘ées%’%'%? obﬁg?mx’i‘)
transaction hag heen. Qwﬁmc&mmmmg@am nbigekl a&yﬁalt es. ogerttd 1), 62, a:w es.
The i ni mum | atency between t he begi nni ng g& SNoo toqg ﬁgghtspﬁlon

begi nni ng of eendeshipise "%a’é‘é’fﬁ’éﬁ‘ﬁi"ﬁé 0i‘.i'ﬁ’ch Y&hi*eho ‘Bus ¢ Tyeles.

The m ni mum | ghepcibyRpdnaeen, 4be. Bﬁ:glsfiﬁl'hﬂgc Ofent hentsieguestmpiiainga i thahen a

target agent can asSert the TRDY# bee gqlr{&pé%,;thﬁcee to
two bus cl ock 69%‘1‘%@35%‘1’%‘“&3%‘% "Z% 'ﬂ S?recﬁc@ romaag)gg{r;e?f‘%n of the

signak to the g%gﬁe&ma@gatwﬁthm@@espmsﬁbqnm@eme\mr mﬂmammaﬁgé@rcaﬂﬁ"%o bus
clock cycles. phase if there is no other action of higher priority preventing use of the bus. The priority

agent(s) has higher priority that the symmetric OWner. -
A symmetric agent requests the bus by asserting its BREQn# signal. Based on the
value sampled on BREQ[3:0] and the last symmetric bus owner, all agents can sirmiltaneously
20 determine the next symmetric bus owner. A priority agent asks for the bus by asserting BPRI#,
which temporarily overrides the arbitration scheme because no other symmetric agent will
issue znother unlocked bus transaction until BPRI# is sampled inactive. The priority agent is
always the next bus owner. The BNR# signal can be asserted by any bus agent to block further
transactions from being issued to the bus (usually used when system resources such as buffers
25 are filled and cannot accommodate another transaction). The assertion of the LOCK# signal
indicates that the bus agent is executing an atomic sequence of bus transactions that must not
be interrupted.
The prionity agent can deassert BPRI# and release bus ownership in the same cycle that
it generates its lastrequest. Insome Pentium processors, after the BPRI# signal 15 asgerted, the
30 BPRI# signal must be deasserted for 2 minimum of two bus clock cycles. This matched the old
3 bus clock cycle rate (in some Pentium processors), and so provided symmetric agents and

priority agents balanced access 1o the bus. According to an embodiment, the protocol was
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In addition, the mininmum Il atency between the sanme or correspondi ng phases
of successive transaction has been nodified to nore closely mtcgmﬂ&at
frequency of two clock cycles. Referring to Fig. 7 again, the m Ai

| at ency between successive arbitration 25 phases (e.g., mninmml atency

bet ween begi nning of arbitration phase of transaction | and the beginning
of arbitration phase of transaction 2) has been decreased fromthree bus
clock cycles to two cycles. The mninmum | atency between successive request
phases has been decreased fromthree bus clock cycles to two. The m ni num
| at ency between successive snoop phases has been decreased fromthree bus
clock cycles to twd. And, the m ninmum | atency between 30 sufg‘;etsbsi\{%es
response phases, has : geghnfirent thsseedbuly fol ookioyeplemetrs THS. 19 2
9 JUN 2004 EacﬁhaBFCdt‘Ege%g‘ﬁg@g?@%J| be described, al ong with.auhcdecycte

expl anati on of cgdafedimpgssted othisfbaes IFCAT SRS thé Bus prot ocol for that
phase that Con:tlrai,tpa'%é ed 1.9 BidSOE 8RS Aerkibn brdbenoyle fbetaseetorphases (where a
decrease in | at&hcy~occurred). Wen a re(iuestdi ng. agent. does pob . GWndhe
bus, transactions begnetedvitieBNEY sEnBiceh B Y°6HC “B20HA%e, IR \'Aﬁ]l ch a requesting
agent éj econes tarl?g cl?xPéerM‘%Eve it Rk risB@rcesasupsdri mgthagentachet drreerding fet"pus

owner,” the transaction enters the reques ase.. . | 1L sh SubiRhases:
(sub- phase a) efmbodimentacausas 2 REPLEC! ISP "'i‘i“&h”’éﬂ%{{“hdi cating valid

address) is driven al ong ytd th e st ansect kol audne smuestids 1P Bike

information to begin snoopi ng and [ - A JA6he bSEMHABEHS tiquhase
(sub- phase b) diNR#féqLﬁcﬁGBEE’P%ﬁﬂa@éﬁ%?cl}/%?goggg%e}'ﬁ}pyﬁi r?format’iZi n fI(j)r t he

10 request is driVERofNHeArildgodztsrs B NR#ropiitisnginty the fensit & PG4t i ng
whi ch data bytes wil|l be_ provided on.t |2k RESJ3iment ARd BIR# chripbng
transhetion | erfyess HKEABEH rsaT?’%ldﬁ?%cc ?'onm%fogﬁgratﬁéti on. lmﬁ'fhelf st s%ﬁﬂ .second
sub- phases are ghiiiwan adunidng oomme thugodd WElRS (s3pear ghan Alweg) g Uf ,_accor di ng

to an enbodi nent, [?E% Sgneeg_u\%ﬁéd, a}%géé&( HBhds @idp@ n seqiiBdGian@tionkyi thhfréestaprtbyi ded

over the addres¥™8 'S sal have a 2x _data,. fer .« b Asgor di ng
to an enbodi rrenigenteivieasﬁl*{ﬂ#aﬁé'aétt?‘bﬂ"‘%‘ié%d%b“g’ﬁ%%‘ﬁ“éEgg%.S' a%‘é@éﬁlgop results

fromthe snoop Fﬂgggcx{ 06iGahe hetdiedbsd-reanactie @R idm 4 BNRYE erping PURSAL i on
references a vall or nodified (dirty) cache line in any bus agent's
cache15The snoopaséisuiottse $SsPidi cate whether a transaction wil | e
conpl eted in-order or may Jpahdelar Aedgdhomapoesi tieeceigst Bf g Sty once 1t hes

gt(:) :‘rg![ S}[’]: ﬁg t ﬁ\g g%g%%\ipco th euls :?% i r%gx?‘ﬂérg%blsgﬂqﬁgst tafe hhSbdP inainady. The mop by
nt is in the first clock cycle of the throttled state. When in the throttled state, if

sample poi

. ’ - 1
BNR# is sampled active on a BNR# sampling point, the state transitions to the stalled state.

20 If BNR# is sampled inactive ona BNR#-sampling point, the state transitions to the free state.

3) Stalled: Inthisstate, anagentmay not issue a request until BNR# sampled

at the BNR# sampling point was inactive. The BNR# sampling point begins in the bus clock

cycle when the stalled state is entered and every other subsequent clock cycle as long as BNR#

1 i i i ; i initialized to stalled after
is sampled active atits sampling point. A request stall state isalwaysimb

25 a reset event (either INIT# or RESET#). An agent can extend the stalled state by asserting

BNR# every two clock cycles (before the valid sampling points). If BNR# is not sampled

active while in the stalled state, the request stall state will transition to the throttle state.

Therefore, requiring the BPRI# signal to be deasserted only for a minimum of one bus

clock cycle (rather than two) after being asserted, and adjusting the BNR# sampling point in

30 the free state o occur two clock cycles (rather than three) after the ADS# signal is sampled
asserted decreases the minimum latency between the beginning of successive arbitration phases

from three bus clock cycles to two bus clock cycles.
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20 phase using a snoop stall. Each of the phases will be described, and

- highlighting the differences inplenented to decrease |atency between
phases (where applicable). 1) Arbitration phase: No transacti ond ¢ 4bN B384

i ssued until the bus agent owns the processor bus 117. A transaction only
needs to have this phase if the agent that wants to drive 25 the
transaction onto the processor bus 117 doesn't already own the bus 117.
According to an enbodi nent, a bus arbitration protocol is provided that
supports two classes of bus agents: symretric agents, and priority agents.
Processors on bus 117 typically arbitrate as symretric agents. The
priority agent (e.g., systeminterface 116) usually arbitrates on behal f of
the 110 subsyst erd) R4 @sthhbsgEhelBghestghast is0heapfest is Whigh thettiznsagiiaros yetéaisy st em
(menory agent.s | ocat ed 0.in the i - . exnpl e

si gnal ~ gr oup ‘?/ﬁl‘ifdg‘?{ d&’é{?\n 2heub§%d Atcgorg?r% %ﬁ%ﬁ@%ﬁ%ﬁ%@ k\Sie/:;%rl]ep}s iis_oﬁkoshom

bel ow (As us efis Heckedynle it dueation STigrvequastipbast esludet tivg eull-idwses| ipgleding subadasg 9 JUN

1004 EXAMPLE ARBI TRAT, I LS 5. Ri niSi I ' i Syl

Mhenoni ¢ Sym‘?éfj?ri“}?’%%g}ér%a ﬁgﬂg@%ﬁee% P@f{@’ﬁ%ﬁ*ﬁ%@%ﬁﬁ%{*ﬁm&?%ﬁ !Ij lg l? I%ggénotf Bus
Request BPRI #BRRk#:Riphaskc). NexiesRefpuasion BNRysmBMNRH g tok @O LIOSIHITREINg N6 cessor
bus 117 allows a plurality..of agents._t.0 si t i t Oft he
bus 117. The BYMRETHE"ShoRte are ths Beper il Boda oy o abP st biicy

robi n rotati ngdiesd dobd Yighl Hefecsey exEmpleagriint of atgnein tist brarhe ugedioatneey af ai r
access to a request phase for all symetric agents. Each symmetric agent
has a uni que rﬂg’gﬁt I D assigned at reset (e.g., agents 0O, 1, 2, 3) and
arbitration will occur in circEXMRIEREQURST 8IGIyAdset , agent 0 has the

hi ghest pri orgty—FoHoweg—by—agentsyi—2,—and 3 .

: ——EaciT SYTEf 0
mai D ai ns a daimdiamot at i nb'nﬂ)’l)[lmmc Signal Name Signal Mnemonic | Number
Address Strobe ADS# Address ADS# 1
Strobe
Request REQ[4:0]# Request? REQa[4:0]# 5
Command Extended REQb[4:0#
Request®
Request Strobes | ADSTB[1:0]# | Request ADSTB[1:0]# 2
Strobes .
15 Address A[35:3)# Address® Aa[35:3M# ‘ 33
Reserved ® Ab[35:32)#
Attributes® ATTR[7:0]# or
Ab[31:24W
Deferred ID® | DID[7:0]# or
Ab[23:16)#
Byte Enables® | BE[7:0]# or
Ab[15:83#
Extended EXF[4:0# or
Functions® Ab[1:01#

Notes:

a. Thesc signals are driven on the indicated pin during the first sub-phase (sub-

phase 2) of the Request phase.
b. These signals are driven during the second sub-phase (sub-phase b) of the

20 Request phase.

Thus, the transaction address is transmitted on Aa[35:3] (where the “A” indicates
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reflects the symmetric Agent ID of the nost recent bus owner. On every
arbitration event, the 15 symmetric agent wth the highest priorstifpgﬁf
the owner and may enter into the request phase if there is no ¢t 4 ion
of higher priority preventing use of the bus. The priority agent(s) has

hi gher priority that the symretric owner. A symmetric agent requests the
bus by asserting its BR EQn# signal. Based on the value sanpled on

BREQ 3:0) and the |last symretric bus owner, all agents can simnultaneously
20 determ ne the next symmetric bus owner. A priority agent asks for the
busby asserting BPRI#, which tenporarily overrides the arbitration schene
because no other symmetric agent w | a other Iocke

transaction uifdress BpERPRRdfRes PP ERd| ﬁd&é]f% si ]i”tSIF ?Vméﬁg?tf’hasc 2 al way's

t he next bus &W‘A@Bnmnlhﬁfo%ﬂ%n%gn@he@ameépanm&erek@ﬁﬁeby any bus agent to
bl ock further_ transactions from being ssue%‘& %?]e usu used when
syst em resour@é@‘%aéﬁcag‘%@fif‘r@’f‘?“%‘Sa‘Faésrf”lnF‘t Y2 lda H‘&ﬂl aéB% Gat e

gnot her tranSﬁﬁtﬂoﬁmnfﬁﬁamﬁﬁs&ﬁﬁmm o0dr utethedr]tegg@lﬁ#sb dﬁmgg]aib—ph_laﬁdi)Cﬁ?:es that the
us agent is executln tom se ce of bus tr hns that nust not
be it er r upt eAfsTHHe SgrdF g’ﬁ%’“"@ d}e‘%{g‘s‘??ttp E’F@ﬂgﬁﬁtgﬁ# S%'l”ease bus
ownership in ﬁrgﬁraﬁﬁ/ﬁ@gﬁyﬁlk@mtchﬁ? busl dlocR ey 181D I#tiSaskedsd, andfetes bny diter sone
Pentium processors, after th 5@#4.ﬁtﬁtal_fi§bassegted the 30 BPRI#

si gnal nust b@cle ??éﬂ*ﬁ%“&‘?éra“ Bl TS B B TEREURT BBk cycles. This

mat ched the ol d 3 Rusrdeadgaskn erws‘ddenehat}ﬁ réqubst sOTtR dRea‘mtdnmrthq)promessbms) and so
provi ded symretric agen ced access to the bus.
According to an enbodi ﬁoa]gfweepaﬁtf %“8’5 ]“p%g%mﬂo 'ganJUN 2004 changed to
require the BPRI# signal) ntz@oheordebesueneteﬁs#)adsmmroﬁorme plieviopLmanedctionendus
clock ,cycle after beiﬁ 1so S%Q:dmacn% ghange in a current enbodi nent
supports a two bus cl ockcC % at- T one bus clock cycle for assertion
and one cycle for deassferl_tOQﬁ# lfAQtaumaeEdbytﬂheamomcg’n@fna@a’ﬁ be used to

del ay further r equgomesPentftgn B%é?s?&l?& f r\gﬁ'gﬂumgﬁuﬁtrheﬁg%f’mggg&( &Yekes haye

sufficient resourcés'to sup ort ano er transaction. Accordi ng to an
enbodl ment, aassetoredftARSHal (heprayiqye pansgcgon baibre fheqeanert adier becdriyst ¥ afied based

g] ree St at ;gr%Cﬁsslt} bt'lzsr ?@ gecté%set Ak §)m§r1;n§1§ ﬁten@)rbe@géﬁ?eqﬁes@-ﬂakds%i’sdc@esktﬁfs ue

requests isn BNR# request stall protocol, but is limted
only by its otme#@hv%frm thtqﬁeloﬁtasyctfﬁ& B9 clopecyclsg e agent Pt Ve [ TEH Pent i um

processors, thg, BB SRFPIL Retb RRLIBEK dybled 4TRr bds@bobdfakccARCER] sthhee cl ock
previous transaction, according to an embodiment. As noted above, the ADS# signal
identifies the beginning of the request phase, and indicates that sub-phase a of the request is
20 being driven onto the processor bus including an address (provided over the address bus)
and the request (provided over the REQ#[4:0] lines).
3) Snoop Phase: According to an embodiment, the processor bus supports cache
coherency for multiple caching agents. Coherency (or data consistency) ensures that a
system or computer with multiple levels of cache and memory and multiple caching agents
25 present a shared memory model in which preferably no agent ever reads stale (or incorrect)
data and actions can be serialized as needed. A line is the unit of caching in the caching
agents. According to an embodiment, a cache line is 64 bytes, but other size cache lines
can be used.
The cache protoco) associates states with lines and defines rules governing state
30 transitions. Each line has 2 state in each cache. According to an embodiment, there are four
line states, including: M (Modified) which indicates that the line is in this cache and

contains a more recent value of the line than in memory, and the line is invalid in all other
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, 10 cycles after ADS# is sanpled asserted. According to an enbodi nent, the
BNR# sanpling point was adjusted to occur two clock cycles (rather than
three) after the ADS# signal is sanpled asserted. Wen an agent? §dU8AYE to
stop a new request generation in the free state, the agent drives BN R#
active in the clock cycle before a valid BNR# sanpling point fromADS#. In
the next clock cycle, all agents observe an active BNR# on a BNR# sanpling
point and | S transition to the stalled state. 2) Throttled: An agent nay
i ssue one request in this state once it has ownership of the bus and the
maxi mum ADS# request rate has been maintained. The BNR# sanple point is in
the first clock cycle of the throttled state. Wien in the throttled state,
if  BNR# is sampled @ghiswe)ifficadnBhNR s ih g @otienhd istthesast atlee 4sransi ti ons
to the stalled state. 20 IT BNRT is sa_nglsgg [ naé:ti.ve on a,. BNR#,  sanpl i ng
point, the staesopransitEhhd FGteheEcrres (Tegtlendodys SUPT R his state,
an agent may pok ic3SkGs Be EARUARE a4 irienoBNRY ma Atk edher @knts;hed BRAIIGanpl i ng

poi nt was inactive. The BNR# sanp| i oi nt, begi,ns .i,N 1L k cycle
when the st al insépaungdhy ﬂi'%l‘“él’ﬂrié’i‘%}éﬂ%ﬁ}g“BV%WC()&P%@P“?&B%%%%ﬁtﬁgﬁ%g cycl e as
I ;)ntg 5as BN:?# c&o%_e&?‘dtﬁ%.led agtive ?tl : tz s?{rpl i gg point. A reque?t _;Lal I N T
state is always initialized to s ed after are . 6

or RL-SET#). An agdht SeemPistiaig P ﬁ%ms\f’}ﬁ‘fﬁCé‘ajeéig}gfcél%]%%g%gc\é?ﬁ hr(fg BNR# every
two clock cyches ehgfiong of heoyagrag veaiphi wgspilunbs) snopf PIBMRY i s not sanpl ed
active while in the stalled statmpﬁgﬁggﬂg%i}@@%% | state will transition

e

to the throttle state. Therefore, requiring t Rl # signal ta he

deasserted on[y. for_a m ni mum of s clock cyghgvby ather than tvlo)
after being asmfﬁfd-adi ust iiﬁgﬁa&{m'm Sarp o i 3 e free

oot e DN ST IT ng POT ||t LU \50 t_I[

statyg t o occul Ktcwng:dmkMe@iﬁiaes WEkher than three) Aatt sithshpeedADsy silgnal
i s sanpl ed assentirdistecreases the m ni num | at ency bet ween t he begi nni ng of
successi ve arprtration phases, f ree bus clock,c : wo bus| cl ock
cycles. 22 2 S)HJUN%@&dgaQZ’f @M* hase: The rpaﬂéé"{%%ﬁg‘gﬁ“s t he—fphase

LAY

in which the §raRsaathlefed S act upbEyerd ssued or dr | Regpohding Agenbus.
According to ara;og.lr};}gggh ment the request phase is one common bus cock jcycle
in ati on. Fre—feguest—phase Tnctudes TWo sub-phases, 1 ncludi ng sub-phase
a (during the first half of the request pha,se? and sub-Pha(?e b,é(guri ng. the
second sub- phase ofIn the snoop phase, all caching agents drive their snoop resulls and parhieipate in

cache coherency resolution. The agents generate internal snoop results for nearly all

memory transactions, that are not its own. All caching agents (snoop agents) drive their
snoop results onto the bus in this phase using the HIT# and HITM# signals. HIT# 1s

20 asserted during the snoop phase to indicate that a copy of a cache line that contains the
requested data resides in another agent’s cache on this interface. HITM# is asserted during
the snoop phase to indicate that 2 modified copy of the cache line that contains the
requested data resides in another agent’s cache on this interface. 1f HIT# and HITM# are
simultancously asserted by an agent during a snoop phase, then a snoop stall has oceurred

25 and the current snoop phase should be extended. DEFER# is asserted during the snoop
phase to indicate that he current transaction 1s not guaranteed to be completed.

In some Pentium processors, the snoop results were driven four clock cycles after
the ADS# signal is asserted and at least three clock cycles from the snoop phase of the
previous transaction. However, according to an embediment, these minimum latencies

30 were modified 1o more closely match the new beat frequency of the processor bus.
According to an embodiment, the snoop results can now driven three clock cycles after the

ADS# signal is asserted (i.e., three bus clock cycles ater the beginning of the request



o R

t he request phase). Request information is transmtted duri

mase., including the transaction address. The request pﬁalsggbfag?n;e\?mu?ﬁt
e assertion of the ADS# signal, the address strobe signal. HeZ8 JU 28H

eRéarrpI e group of signals that can be used to transnmt a request. EXAVPLE
QUEST SI GNALS 15 Pin NanmePi n Mhenoni cSi gnal NanmeSi gnal Mhenoni éNunber

Addr ess StrobeADS#HAddr essADS#1 St robe Requ
est REQ 4: 0] #R ' :
CommandExt endedREQD[ 4: 0] # Request’ Requegt < J#Request” RERL 4: 0145

St r obesADSTB[ | : O #Request ADSTB[ 1: 0] #2 Strob
; es
ﬁddr essA[ 3?: 3) ##Addr ess' Aa[ 35: 3] #33 Reserved bAb[ 35: 32] #
ttributes"ATTR[ 7:0]# or Ab[3 | :24]# Deferred ID'DID [7:Q# or Ab[23:16]#

Byte Enabl es' BE[ 7: O] # or Ab[ 15: 8) #
oyt Rl e B oL o ARLI 81 Bt oL O Rt PR gos) 8L |

1; |r Ir \s; ; nsggr ngﬁflﬁées%g&gccé&gmgaheﬂﬁe dnb& Baguest dphaselo 1be bu‘ﬂﬁ@gl@c WEYHAl s are
Thus, the tramgaeeiooh ﬂtﬂﬂ?‘g’s’%"e‘g@i’? f %E‘Fﬁ”f Qgg“eg?%g{@%’h@?% SEdHgFboPhase.
i ndi cat es result) was changed from once per every three bus clock cycles to once pewvig‘yeh\}ohﬁs A
5 clock cycles. Note that the latency from the ending of the reguest phase (sub-phase B) 1o
the snoop phase remains the same since the request phase was shortened by one cycle.
4) Response Phase: In this, phase the response agent drives the transaction response
onto the processor bus. Requests initiated in the request phase enter an in-order queue
maintained by every bus agent. The responding agent is the agent responsible for
10 completing the transaction at the top of the in-order queve. The responding agent is the
device or agent addressed by the transaction during the request phase. Below is an

example group of signals that can be used in the response phase:

~ EXAMPLE RESPONSE SIGNALS

Type Signal Names Number

15 Response Status RS[2:00 3

Response Parity RSP# }

Target Ready TRDY# 1

The transaction response is encoded on the RS[2:0}# signals. Examples of possible
20 responses include: 2 normal data response (where the responding agént is required 10
transfer read data 2long with the response), a retry response (when DEFER is asserted
during the snoop phase indicating that the transaction must be retried), a deferred response
(where the response agent or responding agent promises 10 complete the transaction in the
future using the Deferred Reply Transaction), a no data response{where no data will be
25 returned by the addressed agent}, etc. TRDY# is asserted by the responding agent 10
indicate that it is ready 10 acCepl Write or writeback data, etc. The RSP# signals provide
parity for the RS signals.
In some Pentium processors, the response could be driven after a minimum of three
bus clock cycles after the response phase of the previous transaction. According 10 an
30 embodiment, this minimum latency between Tesponse phases of successive transactions was
adjusted 1o more closely match the new beat frequency of the processor bus, According to

an embodiment, a response can be dniven afier 2 minimum of two bus clock cycles afier the

D
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23 2 9 JUN 2004 address lines or address bus 204 and "a" indicates signals
transmtted during sub-phase a), and additional information (e.g., byte
enabl es, attributes, extended functions) describing the transactlpg~mﬁ2m4
transnltted on Ab[35 3] ("b" indicating that the additional information is
transmtted over the address lines during sub-phase b). The 5 assertion of
ADS# defines the begi nning of the request phase. ADSTB[I :0]# should
preferably toggle once in every bus clock cycle that ADS# is asserted, and
not in any other cycles. The REQa[4:0]# and REQb[4:0]# identify the
transaction type. According to an enbodi nent, the request can be driven
onto the processor bus: 1) clock cycle after ownership observation; and O

2) two or nore cl S c@s§ermsi@nlrﬁm1ateh@lp@@wmbjwamtamion and
3) BNR# is obesepgbn& th@ ;cet{o\l;e a?ld

#, t activate agent ,
i s observed |msita|1rvew}8€}ma>p@mﬂiidﬂﬁ‘ﬁ%%e?%?”s‘her%odg CPEEPY S?ﬁ“ TXO‘%D 3 g

three clock C%Clhgfeqéis} ﬁ%ﬁ sa§§e§|5otn§emﬁn%drﬁ@%uc@fpeifheym@kﬂls&wsk tycaamactl on
before the reques ou L driven ont rocessor To decrease

the mini mum | areacy e 5V B PEs Pof g%‘éesoff” Sé’ﬂjpgg'g%’fr\}’ octe‘cr’sé’lﬁ%actl ons from
three clock cycles Ag&ugsy\g,,tglmgqtlgn@ytcdneﬁa traafhcagenkerdty redndsvegettties meguest

onto the bus after only two bus clock c Safter a thg ADSH
si gnal of thedatpwmhiﬁ%‘sTbﬁr%ﬁl?aﬁ?@?%ﬁ‘ftas%ﬁf%ﬁ@ 1° n%mtcst h%?({r}eeg{w As not ed

above, the ADSE, %eI0Rkst agedieRidhiibet pet@mbegin npemgmof htslqexe Pedyestroqssaise, and

i ndi cates that sub-phase a of the reguest .is | ohto the
processor busthedRDYdisigre! A 4e1psTied ¢ 1Y 8V YR oogér?gct{%llgdgﬂédér&gg% bus) and The

request ( providedopmeinsrhemREihd st tﬂamsaesa)a TBre SnamFaPheise comEedidi ng to

an enbodi nent, the processor bus SOhSlanayy kRtch ki pl €
cachPng agent ?hlcbéﬁ‘éf’gﬂ’éﬂ}sb(‘ AT igggagcsnfttg tency B nelres that a syst em or

conmput er W t hygadktduhes of proedssordbs. oﬂa:chélnamnme‘ihyle‘&n@ 3HﬂﬂefSF‘b1‘?§“b°§E hi ng

agents 25 presen finfo WY Gk cﬁ‘é‘seft&lhlssénmﬁoagam ever
reads stale (B?S“‘W(‘Egﬁ'ggrgtsﬁg“a r;ay"éﬁ}c?i’%acﬁl ons can l%e serl al i zed gascm eded. A

line is the usighal 0 teasht ugmsaqmon hidote getiPnigterargfenit Be o 6?%'??1‘55

enbodi nment a%% emauﬁ%nkl?an@‘h bytes, but other size cache |lines can be
used. ' -
15 5) Data (Transfer) Phase: During the Data phase, data is ransferred between

different bus agents over the processor bus 117. Based on the request phase, 2
transaction either contains a ‘‘request-initiated” (write) data transfer , a “response-initiated

(read) data transfer, or no data transfer. The data phase may overlap with the request phase

for a transaction.

20 Below is an example list of signals that can be used in the data phase:
EXAMPLE DATA SIGNALS
Type Signal Names Number
Data Ready DRDY# 1
Data Bus Busy DBSY# 1
25 Data Strobes DSTBp[3:0]# 8
DSTBp[3:0}#
Data D63:0)# 64
Data Inversion DINV[3:0)# 4
Data parity DP[3:0]# 4
30 DRDY# indicates that valid data has been placed on the bus ] 17 and must be

latched. The data bus owner asserts DRDY# for each bus clock cycle in which valid data 1s
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The cache protocol associates states wth |lines and defines rules governing
state 30 transitions. Each line has a state in each cache. Accorqaﬂgumﬂmgn
enbodi ment, there are four |line states, including: M (Modified) e
indicates that the line is in this cache and contains a nore recent val ue
of the line than in nenory, and the line is invalid in all other 24 2 9 JUN
2004 agents; E (Exclusive)indicating that the line is in this cache and is
the sane value as in nmenory and is invalid in all other agents; S (Shared)
indicating that the line is in this cache, contains the same value as in
menory and may be in other agents; and | (Invalid) indicating that the
line is not available in_this cache and should b : I a r 5
cache or agenwﬁmTﬁéﬁﬁﬁ@o§m6ﬁ§§@“g%g?ﬁﬁnﬁﬁgggﬂ?WM?t%%%ggggﬁ%pggﬁéggﬁgg i's
enforced. The_f ql.l.ui1B8oldkis daR beXaIRE enelfirs DRAFY tsneopnshgbabenwisetrean be

used during a snoop phase; EXAVPLE S IGN@LS (1) : :ONPI N
NameDri ver Ke®BDYF a8ScreRs f%élf“f’}"é’h%—’f %‘@ﬁa{m\ﬂs th Dﬁﬁﬁ%@%@%&é?ﬁggh ne Hit
to Mdified Caghge ke BEMRGE ek bh i datagobrtne Def er Transacti on

DEFER#Respondi ng Agent Conpletion In the sn hase. .8kl saghigg.agent s
drivé their snoop %@%ﬁﬁ%§9§H&H§%?WPEF%Q?%EP%ﬁegE%%Zp%b gﬁgggﬁggégglution

The agents geRgLalfukBieisNRbr SRAMPtraRf|itcudirgrOeat dngd 14} briteveppeyens,
transactions, that are not its own. Al cachi agent SNeeRAEEMsS) drive
their snoop Iﬂ@shﬂete?atémlE‘a{SH@EH&g\%idﬁteFﬂﬁngwglﬁggygcsucg?l%gd%%a%epHI T# and H T
signal's. H T# i1 &6, aHe®ptsaelald tunibagsddie pendeparph s thetdotaisigtdleat e t hat a copy

of a cache line that contains th reguest i uddu er
agent's cache on t Hicso"Fg &?’&E&??‘?’ﬂf"ﬁ‘l\)&?ﬁ ’gaygogshg?{r%(fr dgﬁirnlgﬁa JabuRped (e

10 4X) source synchronous latched protocol in which the data signals D[Gq'_’a :0)# are used to

| transmit four 8-byte data elements in a single bus clock cycle. The first 8-bytes (in burst
order) are transmitted in the first quarter of the bus clock, the second 8-byte
element in the second quarter of the bus clock, the third 8-byte element in the third quarter
of the bus clock and the fourth 8-byte element in the fourth quarter of the bus clock. The

15 data can be transferred in the first quarter of the bus clock if the data to be transferred is 1
to 8 bytes in length, and the data can be transferred in the first two quarters of the bus clock
if thee data is 9-16 bytes in length.

Several embodiments of the present invention are specifically illustrated and/or

described herein. However, it will be appreciated that modifications and variations of the

20 present invention are covered by the above teachings and within the purview of the

appended claims without departing from the spirit and intended scope of the invention.
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t he snoop phase to indicate that a nodified copy of the cache |line that
contains the requested data resides in another agent's cache on thi 9 JUN 2004
interface. If HT# and H TM# are sinultaneously asserted by an age

during a snoop phase, then a snoop stall has occurred 25 and the current
snoop phase should be extended. DEFER# is asserted during the snoop phase
to indicate that he current transaction is not guaranteed to be conpl et ed.
In sonre ReAWTUS CLOMEBARS, the snoop results were driven four clock cycles
after the ADS# signal iIs asserted and at | east three clock cycles fromthe
snoop phase of the previous transaction. However, according to an

enbodi nent, these mninmum |l atencies 30 were nodified to nore closely match

the new heat fA gEUEMENrMEmitIER iPloARADA OverAURItdrdCOR FhTdrivingigendadiorent
the snoop results can now driven three clock cycles after the ADS# signal

I S asser tygfle fecei®in a%ﬁ&g&qugngock cycles after the beginning of the
request 25 29 JUN 2604 phase) and at |east two clock cycles after the snoop

phase of the RrENIAYS IHAGSRELIRRIbotfthe drivhg A@AShd tHe@n€ bositre eaceivirg af ter
the snoop results were driven onto the bus for the previous transaction).
Thus, theggimi mum activation rate for H T#l H TM#/ DEFER# signal s (snoop
result) was changed from once per every three bus clock cycles to once per
every two bus iéuﬁ%%lﬁs E¥sh@on fidRlEe dri@de dehe 1d Ak 8RCH nidrorcditiag endisng of the
request phase (sub-phase B) to the snoop phase renmains the sane since the
request phdsdngras shortened by one cycle. 4) Response Phase: In this, phase
the response agent drives the transaction response onto the processor bus.
Requests initiated hadhheg sRpURSingliAGEe BRUrAkticARIdMnQFelerreglidebato afRi Nt ai ned
by every bus agent. The respondi ng agent is the agent responsible for 10
conpl et i ngddeliut hBNaRGkd: & MlltipiBef tRAreglenth 6l theibRcliek, queue. The responding
agent is the device or agent addressed by the transaction during the
request phase. Bel oy vidgageSiRiahiag 8§ HatfrodE sighd teillantifinahenabdioer ueed i n

t he response phase: EXAMPLE RESPONSE SI GNALS Type Signal Nanes Nunber 15

receiving agents should sample the information elements driven on the address bus; and

transferring data from the driving agent to the one or more receiving agents comprising:
the driving agent driving multiple information elements onto a data bus at a rate
that is a different multiple of the frequency of the bus clock; and
the driving agent activating a second strobe to identify when the one or more

receiving agents should sample the information elements driven onto the data bus.

2. The method of claim 1, wherein the driving agent driving multiple information elements
for a request onto an address comprises the driving agent driving at least two information
elements for a request onto an address bus at a rate that is at least twice the frequency of the bus

clock.

3 The method of claim 2, wherein the driving agent driving multiple information elements
for a request onto an address comprises the driving agent driving two information elements for a

request onto an address bus at a rate that is substantially twice the frequency of the bus clock.
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Response Status Response Parity Target Ready RS[2:0]# RSP# TRDY# 3 1 | The
transaction response i s encoded on the RS[2:0]4 signals. Exanples otZg JUN 2004
possi ble 20 responses include: a normal data response (where the
respondi ng agent is required to transfer read data along with the
response), a retry response (when DEFER# is asserted during the snoop
phase indicating that the transaction nust be retried), a deferred response
(where the response agent or respondi ng agent prom ses to conplete the
transaction in the future using the Deferred Reply Transaction), a no data
r esponse(Mher eTtronaatdaofwlainh 3 oeheRin the titiving eigebi/drivive radidple sdethatgesi¢nentset c.
TRDY# is asserted by the responding agent to indicate that it is ready to
accept wrdantoea data busicompasek thddtining egent drivivez R824 feurgufedistipn demelas onpas daty f or
the RS signals. In sone Pentium processors, the response could be driven
af ter a rhusatanateahat isat Gast fousimet te frequentesf thf iusclothe response phase of the
previ ous transaction. According to an 30 enbodi nent, this m ninum | atency
bet ween response phases of successive transactions was adjusted to nore
closely match the new beat frequency of the processor bus. According to an
enbodi rert, a Tlespohsiofchim bewltrdivda dafibgrgeat drivingrouhigé inffovmatiersel@hamesk
cycles after the 26 2 9 JUN 2004 response of the previous transaction. This
m -ni num |atendaa bis compiigalteyirisin pgat divingfiolveinf rrogivs teleaients sntwiaideta bnwat aext end
this latency. Due to the doubl e punped signaling node used for the request
si gnal s, ratettles poobgantially foer tiinésvienfrapaey péthe vedgckt wo bus cl ock cycles (as
conpared to once per every three bus clock cycles for sone Pentium
processors). 5 A request initiated transaction is a transaction where the
request agent has wite

6. The method of claim 1, wherein the driving agent activating a second strobe comprises

the driving agent activating at least two out of phase strobes to identify when the receiving agent

should sample the information elements driven onto the data bus.

7. The method of claim 6, wherein only one type of edge of the strobes is used to identify

when the receiving agent should sample the information elements driven onto the data bus.

8. A method of operating a bus in two signaling modes for different types of signals, the bus
including a common bus clock provided to all bus agents, a multidrop bidirectional address bus
and a multidrop bidirectional data bus, the signaling modes comprising:

a common clock signaling mode in which signals can be driven onto the bus at a rate that
is substantially the same as the frequency of the bus clock, the bus clock identifying points for
sampling the information elements driven in the common clock signaling mode; and

a multi pumped signaling mode in which information elements can be selectively driven
by a driving agent onto either one of or both of the address bus or the data bus at a rate that is a

multiple of the frequency of the bus clock and in which one or more strobe signals are activated
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data to transfer. The addressed agent asserts TRDY# to indicate its ability
to receive data fromthe request agent intending to performa witgg JUN 2004
operation. In sone Pentium processors, the TRDY# signal could be asserted
after a mninmum of three bus clock cycles after assertion of ADS# signal
for the sane transaction. There are typically other constraints which can
| engthen this latency. This latency was nodified to nore closely match the

new beaby fhe @EVIRP aYendio iENBI6LSHPHndpSnts OE he it ititibivelaferdydrddh irethé muRin
addressed agent can assert the TRDY# signal after a m ninmum of two bus

cl ock cyghfgedaidn@lingdfsRrtion of ADS# signal for the sane transaction. Note
that the latency fromthe end of the request phase to TRDY# remains
unchanged. 15 5) Data (Transfer) Phase: During the Data phase, data is
transferred between different bus agents over the processor bus 117. Based

on the requestrhphemed oficldim®) Sa6kin@nlyeint RYE of @It af ths ol or MdGIAMbe kiphald at ed”
(wite) data transfer , a "response-initiated" (read) data transfer, or no

data transfsed to iddraRdAMPlIRIRSRs FRthe BMealpn Wehéntd he request phase for a
transaction. 20 Below is an exanple |list of signals that can be used in the

dat a phase: EXAMPLE DATA SI GNALS Type 25 Data Ready Signal Nanes DRDY#
Nunmber 1 Data Bus Busy Data Strobes Data Data |Inversion Data parity DBSY#
DSTBp[ 3: @h#  The method of claim § - wherein the one or more strobe signals comprise a plurality of

strobe signals, the plurality of strobe signals activated in an out of phase or staggered

arrangement.

11. The method of claim 8, wherein the one or more strobe signals to identify sampling

points which are substantially centered in each of the information elements.

12. A bus connected to a plurality of bus agents, the bus comprising:

a multidrop bidirectional control bus to provide a plurality of control signals including a
common bus clock, an address strobe signal and a data strobe signal,

a multidrop bidirectional data bus to allow a driving agent to drive information elements
onto the data bus at a frequency that is a multiple of a frequency of the bus clock; and

a multidrop bidirectional address bus to allow a driving agent to drive information
elements onto the address bus at a frequency that is a multiple of a frequency of the bus clock;

wherein the driving agent activates the data strobe signal to identify points for sampling
the information elements driven onto the data bus; and

wherein the driving agent activates the address strobe signal to identify points for

sampling the information elements driven onto the address bus.
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DSTBp[3: 0] # D[63: O # DINV[3:0]# DP[3:0]# 1 8 64 4 4 30 DRDY# indicates that
valid data has been placed on the bus 117 and nmust be | atched. The XdRat/gN 2004
bus owner asserts DRDY# for each bus clock cycle in which valid data is 27
2 9 JUN 2004 to be transferred. DRDY# can be deasserted to insert wait
states in the data phase. DBSY# can be used to hold the data bus before
the first DRDY# assertion and between subsequent DRDY# assertions for a
mul ti pl e 1Bus &n apkradatta@ tiansfersihe mforDhdd, aniiriéinar e used to indicate that the
data bits have been inverted by the data source. 5 The data signals

D[ 63: 0] # of t helwalitg obaent2 (6 lebstioge ofdhe Py bteating 6da titingakat; path  bet ween
bus agents. For a partial transfer, including 110 read and 110 wite
transactions, armhikledbybdiredtiahd dusicghated t4 BERZnB)] t} basehandimgrecanrbBius,mt es  of
the data bus will contain the valid data. The DP signals can be used to
provi de padredsibuf &id 4 d¥&: ¥hafthe SinGoltus inchdngadbm@oh Busaiiock hibe thr penidingdat a may
be transferred using a quad punped (i.e, 10 4X) source synchronous | atched
pr ot ocol chamohibahclbdkac dRb@ns] ghabesfot: Onllirraed o phachlityoof dhta anstristgnélour

8-byte data elenents in a single bus clock cycle. The first 8-bytes (in
burst ongles) are transmtted in the first quarter of the bus clock, the
second 8-byte elenent in the second quarter of the bus clock, the third
8- byt e el enentwliefeid haritihg sgdnipdAdiier a re@lesttdi® thasidedsonls vaingla irhéi fumped h 8- byt e
element in the fourth quarter of the bus clock. The 15 data can be
.t ransf er rsgfalidg thdiR i Whigh irforafatien elefente thersquettasderanimittbiatdaita thaois be

transferred is 1 to 9 bytes in length, and the data can be transferred in
t he firstmigle g@fréqEscyQf thelbas ok, Mdds khich thetdiiemg dgdnacangerBpdtarilpydtivstei n
| engt h.

an address strobe signal on the address strobe signal line to identify sampling points for the

information elements driven onto the address bus; and

wherein a driving agent can transfer data using a multi pumped signaling mode in which
data elements are driven by a driving agent onto the data bus at a rate that is a multiple of the
frequency of the bus clock, and in which the driving agent also can temporarily activate a

plurality of data strobe signals in a staggered or offset arrangement onto the plurality of data

strobe signal lines to identify sampling points for sampling the data elements.

14.  The apparatus of claim 13, wherein only one edge of the data strobe signals is used to

identify sampling points for sampling the data elements.

15.  The apparatus of claim 14, wherein the one edge of the data strobe signals to identify

sampling points for the data elements comprises only the rising edge of the data strobe signals.

16.  The apparatus of claim 14, wherein the one edge of the data strobe signals to identify

sampling points for the data elements comprises only the falling edge of the data strobe signals.
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Several enbodi nents of the present invention are specifically illustrated
and/ or described herein. However, it will be appreciated that

nodi fications and variations of the 20 present invention are coveré%gHyN2M4
t he above teachings and within the purview of the appended clains w thout
departing fromthe spirit and i ntended scope of the invention. 28 2 9 JUN
1004 VHAT IS CLAIMED IS: | . A nethod of transmtting information over a
mul ti dr op7bus A spparatus for wamgerageinforhstiodN@nrisingOr € r ecei vi ng agents,
conprising: providing a common bus clock to both the driving agent and the
one or nore reGhiitngf KYRIBLaS leait SALIHMEE Mpelts Speratinp saL iy dgemm t he dri vi ng
agent to the one or nore receiving agents, including: the driving agent
driving nul ti plediredficianmblion ehawamct:df®mhe agdheqthe Bis indiidingnconaddnesa bus at
arate that is a multiple of the frequency of the bus clock; the driving
agent actlmadsivngaml 4 dataius3he¢ @peolbug idluding aicthambn biys cidele ing fve pondligra nor e
recei ving agents should sanple the information el enents driven on the

addr ess Rubsimoabak clédkan sl egehisngd &plalify drrdtaeigdsiiimesig agent to the one or
nore receiving agents conprising: the driving agent driving nmultiple

i nf or mat ivihared] £aM@HSageite transtkindorBidGoradsing amadle purhdtsignsling nede frewkiah

mul tiple of the frequency of the bus clock; and the driving agent

activat i Rgfomns3i08 eRehest bieRBedt®elly dEMdni fy\a dRIY ahdne oMb eitiRk omsifer bétk ofihei ng
agents should sanple the information el enments driven onto the data bus. 2.

The met haddrefs bk ai tht data Ve 8 rate thitgs aibitwitialy ag@ipiedhf khieifreguanty bf (hé Bus
information elenents for a request onto an address conprises the driving

agent dr ickicRGindlin WRiaB theldyiOing Bfeat 4181 daf NemBdr&iTe Bitivatt @plutalineofl@sbe OgHals ian
address bus at a rate that is at |east twice the frequency of the bus

cl ock. 3.a stRgers®biItetQiratichic chto hbiploRiity of beobd kigial igesag édehtifitrsbrupling mul tipl e
information elenents for a request onto an address conprises the driving

agent dripsinffot ¥enpling v Webinfloetien@md s for a request onto an address bus
at arate that is substantially twice the frequency of the bus clock. 29
18. A bus agent comprising:
a plurality of data interfaces;
a plurality of data strobe interfaces;
a plurality of address interfaces;
an address strobe interface;
a common clock interface for a bus clock signal having a bus clock frequency;,
data strobe generation logic to generate a first data strobe signal and a second data strobe
signal on a first data strobe interface and a second data strobe interface, said first data strobe
signal and said second data strobe signal having a data strobe frequency of substantially twice
said bus clock frequency;
address strobe generation logic to generate a first address strobe on said address strobe
+ interface having an address strobe frequency which is substantially the same as said bus clock

frequency,
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2 9 JUN 2004 4. The nethod of claim 3, wherein the driving agent driving
multiple information elenents onto a data bus conprises the driving agent
driving at |east four information elenents onto a data bus at a rat/d 004
is at least four tinmes the frequency of the bus clock. 5. The nethod of
claim4, wherein the driving agent driving nultiple information el enents
onto a data bus conprises the driving agent driving four information

el ement s ont o datad@h@niblégicas transmitate elehhbts bnchobiaédantaifadt leygefodwaid firsirdsa t he
frequency of the bus clock. 6. The nethod of claim1, wherein the driving
agent actirmatsigng! dh saRIGSlits bf GIeinREAGRE hiss trafishet ditad eldnigtsagedhtonied tovat i ng at
| east two out of phase strobes to identify when the receiving agent should
sanpl e t HgstieddeTREH s@Bn®ILNRALE sighal XieMorDatdoplirkkty dadaa fatesfaced, andhe net hod of
claim6, wherein only one type of edge of the strobes is used to identify
when t he receidimng taganit loghad briehsharialesstehentafspichhizedtoal fesrediesofdaiiven ont o
the data bus. 8. A nethod of operating a bus in two signaling nodes for

di f f er entfirit 4@ sss@frotl @naidpluril e otudaresd ineifadi Agl ta racmmmddiesix]ateask provi ded
to all bus agents, a nultidrop bidirectional address bus and a multidrop
bi di r ect ispflonthRl @& DitSondtedge i sGid drdt BIre80 Sipshe ABAPH bid PlOialiey of adarEs cl ock
signaling node in which signals can be driven onto the bus at a rate that

i s subst apedfakd.y -t he sanme as the frequency of the bus clock, the bus clock
identifying points for sanmpling the information elenments driven in the
common cl ock signaling node; and a nulti punped signaling node in which
information el enments can be selectively driven by a driving agent onto

ei ther one. of T bubagdat 6 cldifa saddipasiag:bus or the data bus at a rate that is
a multiple of the frequency of the bus clock and in which one or nore
strobe si gnal s f6RIReE feqaésenttedce?;, 9 JUN 2004 by the driving agent to
identify sanpling points for the information elenents driven in the multi
punped si gnal i wigrdiweed adliresd ignshiatidpadis @ trambiit faqBest WhaEms syncirbnizednea fiyspe  of
edge of the one or nore strobe signals is used to identify sanpling points
for the icaposimaidMa addreswnbis. onkid phifdin®trbdstOiftertdced 4id §o reyfnsr @érmentshe one or
nore strobe signals conprise a plurality of strobe signals, the plurality
of st r obayhdhgsided @£ tdeviat @ge bivaidiiraulidreds spdtraBo 0h sad plgasned reqaestangenent .

interfaces.
20.  The bus agent of claim 19, wherein the bus agent is to supply a pair of strobes for each
sixteen data interfaces and is to supply two address strobes, one for each of two subsets of said

plurality of address interfaces and said plurality of request interfaces.

21.  The bus agent of claim 19, wherein the first edge of first data strobe is a falling edge and

wherein the first edge of the second data strobe is a falling edge.

22.  The bus agent of claim 18, wherein the first data strobe signal and the second data strobe

signal are complementary strobe signals.
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11. The method of claim@8, wherein the one or nore strobe signals to
identify sanpling points which are substantially centered in each o §
information elenments. 12. A bus connected to a plurality of bus agents tw%
bus conprising: a nultidrop bidirectional control bus to provide a
plurality of control signals including a common bus cl ock, an address
strobe signal and a data strobe signal; a nultidrop bidirectional data bus

to all owyq drml\.glb@gag%g@jrclatrgzgrcb,ylgng,,qgf ormation elenments onto the data bus
at a frequency that is a nultiple of a frequency of the bus clock; and a

mul tidrop bi di;heghiPBAdondlidhESRePdThmMuichOWim SedmbhdhdIRE PitodoR drive
i nformation elenents onto the address bus at a frequency that is a

mul tiple of a frequency of the bus clock; wherein the driving agent
activates the data strobe signal to identify points for sanpling the

i nformat ben enRRARNARNESHLER 10 MR\ dAt S stratcoWBALES ko dubQariallyi Ng

agent acfivates the address strobe signal to identify points for sanpling
the infor@LiieLleois driven onto the address bus. 31 2 9 JUN 2004 13.
An apparatus for transferring information, conprising: a plurality of
agents, at |east one of the agents operating as a driving agent; a

mul tidrop bidirectional bus connected to the agents, the bus including a

control bys, 'ﬂ{%bu g%ﬁ?éf%lamH§4mre% Qﬁﬁs@o@l&&hert\b@mﬁgﬂhfaﬂif idehtical AMalewsli Ng a

comon bus cl ock for providing a comon bus clock to all -agents, an

addr ess 3&%&9 & SRk bynBfro AR 8 a Bikdd Eiibkdi oY the hlupiPo Sk 4:0Renterf48adnd thd Nes;

mherein Iving agent” can drive a request onto the address bus using a

nul ti gﬂﬁg: §f xg i 19@er3€§] Gind Whiih GRedoRd S FHtHeQRo SARARIMIS i@hnideidi@guest
are tran tted at a rate that 1s a nultiple of a frequency of the bus

cl ock, a@goﬁers] 1%1919111%5‘ %lngﬁﬂof{llz&go @9&3hd SBEkt Bﬁ'ﬁppﬁlﬁﬂlbj of adGibds Vibr@icestdadaddr ess
strobe signal on the address strobe signal line to identify sanpling points

for the gihRGLIRAHYuE BIBALS, HE btet sgﬂgepc&uhan@%@lre%ﬁﬁm@tﬁws @Bk whaligi n a
driving agent can transfer data using a multi punped signaling node’in

whi ch daotfadﬁés@rmma%esagna t9£%l\6ﬁﬂtybzxr@|u€yi inVer ks ARG nONh Breti@ st bus at a
rate that is a nultiple of th frequency of the bus clock, and in which

the driving agent also can tenporarily activate a pIurallty of data strobe
signals in a staggered or offset arrangenent onto the plurality of data

26.  The bus agent of claim 19, comprising:

data strobe receipt logic to receive a third data strobe signal and a fourth data strobe
signal on said first data strobe interface and said second data strobe interface, said third data
strobe signal and said fourth data strobe signal having the data strobe frequency of substantially
twice said bus clock frequency;

address strobe receive logic to receive a second address strobe on said address strobe
interface having the address strobe frequency which is substantially the same as said bus clock
frequency;

data receive logic to receive data elements synchronized to a first edge of said third data
strobe signal on said plurality of data interfaces and to receive data elements synchronized to a
first edge of said fourth data strobe signal also on said plurality of data interfaces; and

address receive logic to receive address elements synchronized to a first edge of said

second address strobe on said plurality of address interfaces and to receive address elements
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strobe signal lines to identify sanpling points for sanpling the data

el enents. 14. The apparatus of claim 13, wherein only one edge of thegdanagns
strobe signals is used to identify sanpling points for sanpling the data

el ements. 15. The apparatus of claim 14, wherein the one edge of the data
strobe signals to identify sanpling points for the data el enents conpri ses
only the rising edge of the data strobe signals. 16. The apparatus of claim
14, wher gynthichizednea sedgd edde dflhaid dabad sidreoderobé gmadmssatdphirdéntf dddressanpl i ng
points for the data el enents conprises only the falling edge of the data
strobe sif#arédess. 32 2 9 JUN 2004 17. An apparatus for transferring
information, conprising: a plurality of agents, at |east one of the agents
operating as a driving agent; a bidirectional mnultidrop bus connected to
the agents, the bus including a control bus, an address bus and a data
bus, t hezeontThelbubatient dTelaital 26\0vI@refOINE Bl QLR iLAn® ©ke bri m@e HD4 sepofthak gent a
common bus clock to all agents and a plurality of strobe signal I|ines;
wher ei n @obistiMg 89 agent to transfer information using a nmulti punped
signaling node in which information elenments are selectively driven by a
driving agent aQRipeetei t her one of or both of the address bus or the data
bus at a rate that is substantially a multiple of the frequency of the bus
clock, and i nawndceksof;he driving agent also can tenporarily activate a
plurality of strobe signals in a staggered or offset arrangenent onto the
plurality of stméieysé@adtr,|ines to identify sanpling points for sanpling
the information el enents. 18. A bus agent conprising: a plurality of data
interfaces; aapknrabgdnyapd data strobe interfaces; a plurality of address
interfaces; an address strobe interface; a common clock interface for a bus
cl ock signal haviongen. bus clock frequency; data strobe generation logic to
generate a first data strobe signal and a second data strobe signal on a
first data strobe interface and a second data strobe interface, said first
data strobe signal and said second data strobe signal having a data strobe
frequencysof &ubsigamtdomblising:Wi ce said bus cl ock frequency;

a plurality of data interfaces comprising data interfaces D[63:0];

a plurality of address interfaces;

a plurality of request interfaces comprising request interfaces REQ[3:0];

a common clock interface for a bus clock signal having a bus clock frequency;

a plurality of control interfaces to transmit a plurality of signals that are to operate
synchronously to said bus clock signal;

data strobe generation logic to generate four pairs of data strobe signals, each of said four
pairs of data strobe signals having a first data strobe signal and a second data strobe signal, said
first data strobe signal and said second data strobe signal of each of said four pairs of data strobe
signals having a data strobe frequency of substantially twice said bus clock frequency;

address strobe generation logic to generate a first address strobe having an address strobe
frequency which is substantially the same as said bus clock frequency;

data transmit Jogic to transmit, for each of said four pairs of data strobe signals and on

different subsets of said plurality of data interfaces;
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address strobe generation logic to generate a first address strobe on said
address strobe interface having an address strobe frequency which is
substantially the same as said bus clock frequency; 33 2 9 JUN 2004 3N 2004
transmt logic to transmt data el enments synchronized to a first edge of
said first data strobe signal on said plurality of data interfaces and to
transmt data el enents synchronized to a first edge of said second data
strobe signal fabtsata@ienfaisdymihtonakbd oy felingadgs of RliEfikaReSroR WAl £5S
transmt logic to transmt address el enments synchronized to a first edge of
said fi rsabsepsddhiapurdity obRtOneSadesl plurality of address interfaces and to
transmt address elenents synchronized to a second edge of said first
address st robeaesnd@at@Blem@htd slchonizéd ¥ a @4l liReldize 56saidi s8Rl A SFobe 1@nal hlke bus
agent of claim 18, conprising: a plurality of request interfaces; wherein
sai d addrogske dubansdid pluta@ifl oF ding ide@fabésa@m t request el ements synchroni zed to
a first edge of said first address strobe on said plurality of request

i nterfaces anddiRsdtRakaS1ogR 16 RN ransmHMBEBERRINZRE s}iRhRnSE&FLAdalBR0&I06f Ssai d
first address strobe also on said plurality of request interfaces. 20. The

bus agentsaiaffirsthddreds HobeWaehid iphird Ao ldSreURB adeSarldQo SlBII tYandmiP@ddresdf Strobes
for each sixteen data |nterPaces and is to supply two address strobes, one

for each effmehidQysRm@es (f rishdll dge Ot sHidFrdtaddrOk sRGIERES Sn kAl plufaR addiesssai d
plurality of request interfaces. 21. The bus agent of claim 19, wherein the

first edg@edicef ishi8bddads drafdnliOBBic isalsd 16 Aisl rH8mA AGReRBEmMISSHBEN kiR t61 1 St
edge of the second data strobe is a falling edge. 22. The bus agent of

cl ai m 18,sai4181i%d &gk BEsald firsiaddRbAusbd HBIdPNINA) oPRELesNRFREONM t6ladcanst I Obe
signal are conplenentary strobe signals. 34 2 9 JUN 2004 23, The bus agent

of clai mr&ih;est%fbﬂﬁﬂis%&ﬁlﬂion&e@io‘éﬁi@|ri-sin¥_e@ée SF 904 fiRt addRs£4tdoBE 8150 SsaliyMiFERy Cat e
using a common cl ock protocol. 24. The bus agent of claim 19, wherein said

first addressessint@Reesconpri ses two substantially

29.  The bus agent of claim 28, wherein said first address strobe comprises two substantially

identical address strobes.

30.  The bus agent of claim 29, wherein a first one of the two substantially identical address
strobes is transmitted synchronized to a first subset of the plurality of address interfaces and the
plurality of request interfaces, and wherein a second one of the two substantially identical address
strobes is transmitted synchronized to a second subset of the plurality of address interfaces and
the plurality of request interfaces, the second subset consisting of remaining ones of the plurality

of address interfaces and the plurality of request interfaces that are not in the first subset.

31.  The bus agent of claim 28, wherein said plurality of control interfaces comprise interfaces
for a set of signals comprising:
ADS#E;

BNR#,
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i dentical address strobes. 25. The bus agent of claim 24, wherein a first
one or ,he two substantially identical address strobes is transmtyediN 2004
synchroni zed to a first subset of the plurality of address interfaces and
the plurality of request interfaces, and wherein a second one of the two
substantially identical address strobes is transmtted synchronized to a
second subset of the plurality of address interfaces and the plurality of
request interfBP®#¥s, the second subset consisting of remai ning ones of the
plurality of address interfaces and the plurality of request interfaces
that are not ianleidnend hiusséqustbseface;26. The bus agent of claim 19,

conprising: data strobe receipt logic to receive a third data strobe signa
and a fourth daBSy#trobe signal on said first data strobe interface and
said second data strobe interface, said third data strobe signal and said
fourth data stDEHBR#sSi gnal having the data strobe frequency of substantially
tw ce said bus clock frequency; address strobe receive logic to receive a
second addresDms.ophbe on said address strobe interface having the address
strobe frequency which is substantially the sanme as said bus cl ock
frequency; datRDegei ve logic to receive data el enments synchronized to a
first edge of said third data strobe signal on said plurality of data

i nterfaces andilr#®; recei ve data el enents synchronized to a first edge of
said fourth data strobe signal also on said plurality of data interfaces;
and address ragggmM#e | ogic to receive address el enents synchronized to a
first edge of said second address strobe on said plurality of address

i nterfaces andNim;agcei ve address elenents 35 2 9 JUN 2004 synchroni zed to
a second edge of said second address strobe also on said plurality of
address interfRI®Es4. 27. The bus agent of claim 26, wherein the bus agent is
any one or nore of a set of bus agents consisting of a chipset; a
processor; a menory controller; a central agent; and

32. A bus agent comprising;

a plurality of data interfaces;

a plurality of address interfaces;

a common clock interface for a bus clock signal having a bus clock frequency;

data strobe receipt logic to receive a first data strobe signal and a second data strobe
signal, said first data strobe and said second data strobe having a data strobe frequency of
substantially twice said bus clock frequency;

address strobe receive logic to receive a first address strobe having an address strobe
frequency which is substantially the same as said bus clock frequency;

data receive Jogic to receive data elements synchronized to a first edge of said first data
strobe signal on said plurality of data interfaces and to receive data elements synchronized to a
first edge of said second data strobe signal also on said plurality of data interfaces; and

address receive logic to receive address elements synchronized to a first edge of said first

address strobe on said plurality of address interfaces and to receive address elements
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an 1/0O agent. 28. A bus agent conprising: a plurality of data interfaces
conprising data interfaces D[63:0]; a plurality of address interfaces,juR04
plurality of request interfaces conprising request interfaces REQQ3:0]; a
common clock interface for a bus clock signal having a bus clock frequency;
a plurality of control interfaces to transmt a plurality of signals that
are to operate synchronously to said bus clock signal; data strobe

gener at i gpchiogizéd @ se@ne eddeaf badifirspaidress afobeateorsdaidqideality ghaldsss each of
said four pairs of data strobe signals having a first data strobe signa
and a segfdificelat a strobe signal, said first data strobe signal and said
second data strobe signal of each of said four pairs of data strobe
signals having a data strobe frequency of substantially tw ce said bus

cl ock frequency; address strobe generation logic to generate a first
address gtrobmeBayides: ¢Fdlansl oz @espSdingobe frequency which is substantially
the sanme as said bus clock frequency; data transmt logic to transmt, for
each of said Egmﬁﬂg@bfﬁqagﬁﬂ@ﬁam§trobe signals and on different subsets of
said plurality of data interfaces; 36 2 9 JUN 2004 first data el enents

synchroni zed tferid ld 4d0@sae@cWeiSBidhetdivertqidteRnth SRR hidh edlo adTista
subset of said plurality of data interfaces; second data el enents

synchr oniedRhrlifd &irst Addrést 6irddd 98 s plsAlif of e%ead inthMades Shd RBeesBéighaks al so  on
the subset said plurality of data interfaces; and address transmt logic to

first trapsfichized@ £88nRlesRITESd SWOEIWQNIZBE akOodsafdqitirang oefbgeesof  sai d
first address strobe on sald plurality of address interfaces and to second

transmt ;peeiess el enents synchronized to a rising edge of said first
address strobe also on said plurality of address interfaces, said address
transmt logic is also to first transmt request elenents synchronized to
said falling edge of said first address strobe on said plurality of request

i nterfaces. anthettas sR60TG1aih 88|Usteitthe Bl Hzent $H10 €iypBNd Faixhf koteafod eschsi ng edge
of said first address strobe also on said plurality of request interfaces.

29. The Riyeeagan int@faced aat io 13 SuppWhen aildress 3irdbef, iohsior agtt bE&® sibseahd sdonpri ses
two substantially
plurality of address interfaces and said plurality of request interfaces.

35.  The bus agent of claim 32, wherein first edge of first data strobe is a falling edge, and

wherein the first edge of the second data strobe is a falling edge.

36.  The bus agent of claim 32, wherein the first data strobe signal and the second data strobe

signal are complementary strobe signals.

37.  The bus agent of claim 33, comprising:

a plurality of control interfaces to communicate using a common clock protocol.

38.  The bus agent of claim 37, wherein said plurality of control interfaces comprise a set of
control interfaces for a set of signals comprising;

ADSH#,
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i dentical address strobes. 30. The bus agent of claim?29, wherein a first
one of the two substantially identical address strobes is transnltggqmnjmg
synchroni zed to a first subset of the plurality of address interfaces an
the plurality of request interfaces, and wherein a second one of the two
substantially identical address strobes is transmtted synchronized to a
second subset of the plurality of address interfaces and the plurality of
request interfgpges, the second subset consisting of renmmining ones of the
plurality of address interfaces and the plurality of request interfaces
that are not igprije first subset. 31. The bus agent of claim 28, wherein
said plurality of control interfaces conprise interfaces for a set of

si gnal s conpr iagjeRd ondRFHéGuest BiNRRice;37 2 9 JUN 1004 BPRI#; at |east one bus
request interface; DBSY#, DEFER#; DP[3:0]#  DRDY#  H T# = H TM#

I NI T#;, and TRy 32. A bus agent conprising: a plurallty of dat a
|nterfaces a plurality of address interfaces; a common clock interface for
a bus cl ock sirgi@Rghavi ng a bus cl ock frequency data strobe receipt logic
to receive a first data strobe signal and a second data strobe signal,

said first daﬁﬁw§b?9be and said second data strobe having a data strobe
frequency of ‘substantially tw ce said bus clock frequency:

DRDY#,
HITH#,
HITM#;
INIT#; and

TRDY#.

39.  The bus agent of claim 32, wherein said first address strobe comprises two substantially

identical address strobes.

40, A bus agent comprising:

a bus clock interface for a bus clock that operates at a bus clock frequency;

double pumped address bus interface logic to communicate address bus information
elements at substantially twice the bus clock frequency in a source synchronous manner;

double pumped request bus interface logic to communicate request information elements
at substantially twice the bus clock frequency in a source synchronous manner; and

quad pumped data bus interface logic to communicate data bus information elements at

substantially four times the bus clock frequency in a source synchronous manner.

40



address strobe receive logic to receive a first address strobe having an
address strobe frequency which is substantially the sanme as said bus cl ock
frequency; data receive logic to receive data el ements synchroni zedZ 8cJUY 2004
first edge of said first data strobe signal on said plurality of data
interfaces and to receive data el enents synchronized to a first edge of
sai d second data strobe signal also on said plurality of data interfaces;
and addr ess r@eéuysehogichin 60, /cemgtishgz: addr ess el enents synchroni zed to a
first edge of said first address strobe on said plurality of address

i nterfaces andoitfol irf@ficy Rgidol s sraktly effeontrs] sifhialk tit pdt2OOkE 8y nloblk oni zed to
a second edge of said first address strobe also on said plurality of
address ifehtyaces. 33. The bus agent of claim32, conprising- a plurality
of request interfaces; wherein said address receive logic is to receive
request el enments synchronized to a first edge of said first address strobe
on said plurality of request interfaces and request elenments synchronized
to a secapd edgetdf comaridingi r st address strobe also on said plurality of
request interfaces. 34. The bus agent of claim 33, wherein the bus agent
is to supply anpadress®bs;strobes for each sixteen data interfaces and is to
supply two address strobes, one for each of two subsets of said plurality
of address intgeqraass;and said plurality of request interfaces. 35. The bus
agent of claim 32, wherein first edge of first data strobe is a falling
edge, and whersaiataHue first edge of the second data strobe is a falling
edge. 36. The bus agent of claim 32, wherein the first data strobe signal
and t he secondk hastansbisaiek Sigadl fihe Brt@nstinpleemadteiug chtlk opalssipgatgat a37. The
bus agent of claim 33, conprising: a plurality of control interfaces to
comuni cahecludd faguandggpnmon cl ock protocol . 38. The bus agent of claim 37,
wherein said plurality of control interfaces conprise a set of contro
interfaces forafirsisagent@buédynadid adionpbissianiyequiBdas, aBPsaid data bus, said first

agent having bus interface logic to provide quad pumped data on the data bus, and double
pumped address and request information respectively on said address bus and said request bus;
and

a first agent coupled to said address bus, said request bus, and said data bus, said first
agent having bus interface logic to receive quad pumped data on the data bué, and double pumped

address and request information respectively on said address bus and said request bus.

43.  The system of claim 42, wherein said first agent is a processor and wherein said second

agent is a chipset.

44,  The system of claim 42, comprising a control bus over which a plurality of control signals

are transmitted synchronized to the one or more bus clock signals.

45.  The system of claim 43, wherein information is transmitted over said data bus, said

address bus, and said request bus in a source synchronous manner.
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2 9 JUN 2004 BNR#;, BPRI#; at |east one bus request interface; DBSY#;
DEFER#; DP[3: O #;, DRDY# HT# HTM;, [INT# and TRDY#. 39. The bus
agent of claim 32, wherein said first address strobe conprises two 29 JUN 2004
substantially identical address strobes. 40. A bus agent conprising: a bus
clock interface for a bus clock that operates at a bus cl ock frequency;
doubl e punped address bus interface logic to communi cate address bus
information elenents at substantially twi ce the bus clock frequency in a
source synchronous manner; doubl e punped request bus interface logic to
comuni cdbe réeeustest campfrisgat i on el enents at substantially twi ce the bus
cl ock frequency in a source synchronous nmanner; and quad punped data bus

i nterface | ogiadus corepismgni cate data bus information el enents at
substantially four tines the bus clock frequency in a source synchronous
manner. 40 2 9 JUN aQ0@4ligdf darhbnesus agent of clai m 40, conprising: contro
interface logic for a plurality of control signals that operate at the bus
clock frequency. 4plualiigpsdanstowbapndssi ng: an address bus; a request bus;

a plurality of address lines;
an address strobe line;
a bus clock signal line;
a first agent comprising:
a plurality of first agent data interfaces coupled to said plurality of data
lines;

a plurality of first agent data strobe interfaces coupled to said plurality of

data strobe lines, said plurality of first agent data strobe interfaces comprising a
first agent first data strobe interface and a first agent second data strobe interface;

a plurality of first agent address interfaces coupled to said plurality of
address lines;

a first agent address strobe interface coupled to said address strobe line,

a first agent common clock interface coupled to receive a bus clock
signal having a bus clock frequency;

first agent data strobe generation logic to generate a first agent first data
strobe signal on the first agent first data strobe interface and a first agent second
data strobe signal on the first agent second data strobe interface, said first agent
first data strobe signal and said first agent second data strobe signal having a data

strobe frequency of substantially twice said bus clock frequency;
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a data bus; at |east one bus clock signal Iine to transmt one or nore bus
clock signals operating at a bus clock frequency; a first agent cogglﬁﬂ R
sai d address bus, said request bus, and said data bus, said first gent
having bus interface |ogic to provide quad punped data on the data bus, and
doubl e punped address and request information respectively on said address
bus and said request bus; and a first agent coupled to said address bus,
sai d request bus, and sdirst agent address strabaigenefitios logicde eeneratrafimpebils i nter f ace
|l ogic to receive quad punped data on the data bus, and doubl e punped
address and r equestadimessotmbg ¢nomidfestpeot nddetsy stovhe sudritcalptingss addrsssand sai d
request bus. 43. The system of claim42, wherein said first agent is a
processor and wher etmbsiéqiesgodind ingpbdstentialy the sdmersestid buyclockifeequgpsyiem of
claim42, conprising a control bus over which a plurality of control
signals are transnitted foyragntdath rexsntitdogiht tomemibfirshdataeelguentsclyndikonddednal s.
45. The system of claim43, wherein information is transmtted over said
data bus, said addrteadird@slingaedge sfznd fire ggras firsbdata stmbesigreliprcridpvrelify 9hous
manner. 41 2 9 JUN 2004 46. A systemconprising: a bus conprising: a
plurality of data lfirmegentdatplinierfkéstapd of trolani sesondodsgr dlénmeats; synchrqizgd g d t y of
address lines; an address strobe line; a bus clock signal line; a first
agent conprising: afirsd falliag edgy obfaid finssagenigenond dma drobesignal alseen wslgliralkyt o
said plurality of data lines; a plurality of first agent data strobe
interfaces coupl ed d¢fdirgagat pdtameirfates and to taagnzit third dbeeleinendssyngtaprizeditepral ity
of first agent data strobe interfaces conprising a

second falling edge of said first agent first data strobe signal on said plurality of

first agent data interfaces and to transmit fourth data elements synchronized to a
second falling edge of said first agent second data strobe signal also on said
plurality of first agent data interfaces;

first agent address transmit logic to first transmit address elements
synchronized to a falling edge of said first agent address strobe on said plurality
of address interfaces and to second transmit address elements synchronized to a
rising edge of said first agent address strobe also on said plurality of address
interfaces; and
a second agent comprising;

a plurality of second agent data interfaces coupled to said plurality of
data lines;

a plurality of second agent data strobe interfaces coupled to said plurality
of data strobe lines, said plurality of second agent data strobe interfaces
comprising a second agent first data strobe interface and a second agent second
data strobe interface;

a plurality of second agent address interfaces coupled to said plurality of

address lines;
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first agent first data strobe interface and a first agent second data
strobe interface; a plurality of first agent address interfaces cougl Z@J t(['])
said plurality of address lines; a first agent address strobe inte B alUl 1004
coupled to said address strobe line; a first agent common clock interface
coupled to receive a bus clock signal having a bus clock frequency; first
agent data strobe generation logic to generate a first agent first data
strobe signal on the fi raskecoadegdnt ddress stophe mntegfasedvapledtospidaddressstioke fir st
agent second data strobe signal on the first agent second data strobe
interface, said fidmt; agent first data strobe signal and said first agent
second data strobe signal having a data strobe frequency of substantially
twi ce said bus clock freguemdygentéoniné Jodkipedde Edupled tapesive thelbwsedorkst r obe
generation logic to generate a first agent address strobe on said first
agent address strob&nnlitaeng deduhdotkfeeqaenceddr ess  strobe frequency which is
substantially the sane as said bus clock frequency; first agent data
transmit |ogic to transmietonfliagat ddattmbeteeripriogc wyeeivesnid fied agenbfirat datar st
falling edge of said first agent first data strobe signal on said plurality
of first agent datsacbarignf adaesidfintageot teradsiniatstraecama cdatid phirdineslt s
synchronized to a first falling edge of said first agent second data
strobe signal al so seeongageht pdtaistabe ijerfacds; fi r st agent data interfaces and to
transmt third data el enments synchronized to a second falling edge of said
first agent first data secolbegsi eghiadss srobs aiceivplogicad fetgiveofaid firftragentagent dat a
interfaces and to transmt fourth data el enments synchronized to a second
falling edge of saiadfesystbbagentd ssendagentizddessitrobbategfagmal al so on said
plurality of first agent data interfaces; first agent address transmt
logic to first transnt sdehdeget diterresivslogis ynekaiwrriddustdetaglefmghtsi ng edge of
said first agent address strobe on said plurality of address interfaces
and to second transwyhthradzd essidiirerfellingedgy ntinidirstagent fist dota prrade gignd@ge of
said first agent address strobe also on said plurality of address
interfaces; and said plurality of second agent data interfaces and to receive said second data

elements synchronized to said first falling edge of said first agent second data
strobe signal also on said plurality of second agent data interfaces and to receive
said third data elements synchronized to said second falling edge of said first
agent first data strobe signal on said plurality of second agent data interfaces and
to receive said fourth data elements synchronized to said second falling edge of
said first agent second data strobe signal also on said plurality of second agent
data interfaces; and

second agent address receive logic to receive address elements
synchronized to said first edge of said first agent address strobe on said plurality
of second agent address interfaces and to receive address elements synchronized
to said second edge of said first agent address strobe also on said plurality of

address interfaces.
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a second agent conprising: a plurality of second agent data interfaces
coupled to said plurality of data lines; a plurality of second agezg.@wwﬁm4
strobe interfaces coupled to said plurality of data strobe |ines, i
plurality of second agent data strobe interfaces conprising a second agent
first data strobe interface and a second agent second data strobe
interface; a plurality of second agent address interfaces coupled to said
pl urality7of Thedsstes sf ¢limet, whgei s@d JdgnQ@ed campeesend agent addr ess strobe
interface coupled to said address strobe line; a second agent conmon cl ock
i nterface coupteddagent daeitiode géneraboslogicde genergiegrratont agannfyrst daga stigbe cl ock
frequency; second agent data strobe receipt logic to receive said first
agent fi s@ghaldatie sesindaigent Sirsggdaih steorel iteafade fridrstcond egent Seounidtaghittze ssgnrbbe
signal on said plurality of second agent data strobe interfaces; second
agent adendisssesind apent seeord datn Jtrobe terface; sidiesendsigend fifst daa stadpe pignal awtir ess
strobe on said second agent address strobe interface; second agent data
recei ve Isaidisecohdagesterwd datistolfe sigonl Idaing sad datesitobe fregugudyradmitsrdtigily sai d
first falling edge of said first agent first data strobe signal on said

pl ural it ywst ssébarmdocadentendgt a i nterfaces and to receive said second data
el ements synchronized to said first falling edge of said first agent second
data strobe skgmdhget sdiresmstshe densratipmiqgicyto pénesiteconsebnd geent adggsastradeenf aces
and to receive said third data el enents synchronized to said second
falling edgecwhd sgntaddrassitrobagemiacd havag stid eddress stodbe froqugnedl wloph sai d
plurality of second agent data interfaces and to receive said fourth data
el ement s sshstanhialbnthe sanet a9 swdbek debdredudngy:l i ng edge of said first agent

second data strobe signal also on said plurality of second agent data
i nterfaces; arsdcond agent data transmit Jogic to transmit data elements synchronized to a first edge of

said second agent first data strobe signal on said plurality of second agent data interfaces and to
transmit data elements synchronized to a first edge of said second agent second data strobe signal
also on said plurality of second agent data interfaces; and

second agent address transmit logic to transmit address elements synchronized to a first
edge of said second agent address strobe on said plurality of address interfaces and to transmit
address elements synchronized to a second edge of said second agent address strobe also on said

plurality of address interfaces.

48.  The system of claim 47, wherein said first agent comprises:
first agent data strobe receipt logic to receive said first agent first data strobe signal and
said first agent second data strobe signal on said plurality of first agent data strobe interfaces;
first agent address strobe receive logic to receive said first agent address strobe on said
first agent address strobe interface;
first agent data receive logic to receive data elements synchronized to said first edge of

said first agent first data strobe signal on said plurality of first agent data interfaces and to receive
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second agent address receive logic to receive address el enents

synchroni zed to said first edge of said first agent address strobe &r’b ﬁﬁﬂl ?[][]4
plurality of second agent address interfaces and to receive addres

el enments synchronized to said second edge of said first agent address
strobe also on said plurality of address interfaces. 44 2 9 JUN 2004 47.
The system of claim 46, wherein said second agent conprises: second agent
dat a st r dbe egaren ajrichronizediocait dirg edgeroditad Arssmearsecond dath stabe stgndatsa ost r obe
signal on the second agent first data strobe interface and a second agent
second daiia phiralippef firsigigadt datointérfreess@siond agent second data strobe
interface, said second agent first data strobe signal and said second
agent second dattagait addies sdcginaloghray reagveaidebsdelémensy syodheonfized tumiicfyrstof
substantially tw ce said bus clock frequency; second agent address strobe
gener at i @Bgd (fGhid firQ@ agenatdddsesteobs e eaidiplagHntof Acddigstaddtessoberfars agltpd second
agent address strobe interface having said address strobe frequency which

i s substradiviealidryssteltmesamcamnizead © sbidSecohdedge bf aglemagent sddrendiralgabhd dat a
transmt logic to transmt data el enments synchronized to a first edge of
sai d secondaia@amilitf of sitiregiaib@rfsdes.obe signal on said plurality of second
agent data interfaces and to transmt data el enents synchronized to a
first edge of said second agent second data strobe signal also on said
plurality of second agent data interfaces; and second agent address
transm t 450gi Thd systemanslaint 48 dem@smgel ement s synchroni zed to a first edge
of said second agent address strobe on said plurality of address interfaces
and t o transmaconaddiueseer ehimemplsal gy oixdontosl isizgeds 4re transgetanshddgéazedfo hai d
second agent address strobe also on said plurality of address interfaces.
48. The Mpstledk dgnatl ai m 47, wherein said first agent conprises: first agent
data strobe receipt logic to receive said first agent first data strobe
signal and said first agent second data strobe signal on said plurality of
first agent data strobe interfaces; first agent address strobe receive

| ogi ¢ t 0 Fecehuweetisdicdmptisisg: agent address strobe on said first agent
address strobe interface; first agent data receive logic to receive data

el enent s synchgrovidingd ptumisaéfatofmplesientag gaotefsignal pairs in a data phase;

providing four data elements per bus clock cycle transmitted in a source synchronous
manner in conjunction with said plurality of complementary strobe signal pairs;

providing a plurality of address strobes; and

providing two request elements and two address elements per bus clock cycle transmitted

in a source synchronous manner in conjunction with said plurality of address strobes.

51.  The method of claim 50, wherein said providing four data elements comprises:

providing a first data element synchronized to a first edge of a first type of a first one of a
pair of data strobe signals;

providing a second data element synchronized to a first edge of the first type of a second

one of the pair of data strobe signals;

providing a third data element synchronized to a second edge of the first type of the first

one of the pair of data strobe signals; and
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said first agent first data strobe signal on said plurality of first agent
data interfaces and to receive 45 2 9 JUN 2004 data el enments synchroni zed
to said first edge of said first agent second data strobe signal al spg dpN 2006
said plurality of first agent data interfaces; and first agent address
receive logic to receive address el enents synchronized to said first edge
of said first agent address strobe on said plurality of first agent address
i nterfaces angréviding £tk datadidmessyehenizad ®© asyanl cdgeicd 6¢ firo tgeiofithsecond
edge of said first agent address strobe also on said plurality of address
i nt er f acg&cond Bne dfitiee ByrSif @am edobe lsizhals. 48, conprising: a control bus over
which a plurality of control signals are transmtted synchronized to the
bus clock signal. 50. A nmethod conprising: providing a plurality of
conpl ementary strobe signal pairs in a data phase; providing four data
el enent s sper THesmahqIcdS cijs b B whemitsaidt firadypernf adgeour ta8ing pdgehr onous  manner in
conjunction with said plurality of conplenentary strobe signal pairs;
providing a plurality of address strobes; and providing two request
el ements and two address el enents per bus clock cycle transmtted in a
sour ce syRChr PROHGhRITRRIM 5 N vdeRjrkatl jronding two sqiest epimenaland ywoodddeskdr ess
strobes. 51. The nethod of claimb50, wherein said providing four data
el ement s LERtsicoMprisepr ovi ding a first data el ement synchronized to a first
edge of a first type of a first one of a pair of data strobe signals;
providi ng a segsevidingatisst eddeese slementand Ot Zewkst edengenf synslirocigec afirs bdgef i r st
type of a second one of the pair of data strobe signals; providing a third
dat a el eneRbstsyashhoplutith dfaddess ecehad aedige of the first type of the first
one of the pair of data strobe signals; and 46 2 9 JUN 2004 providing a
fourth data elmsHbingsygaohd aldrezedehent andecond rephge elmettsgndhiansted tope of t he
second one of the pair of data strobe signals.

second edge of the first type of a second one of the pair of data strobe signals.

54.  The method of claim 33, wherein said first edge is an address strobe falling edge and the

second edge is an address strobe rising edge.

55. A bus agent comprising:

a control interface circuit to drive a control signal at a clock frequency;

an address bus interface circuit to drive address elements at substantially twice the clock
frequency, said address bus interface circuit to drive a centered address strobe transition for each
address element; and

a data bus interface circuit to drive data elements at substantially four times the clock

frequency, said data bus interface circuit to drive a centered data strobe transition for each data

element.

56.  The bus agent of claim 55, wherein said data bus interface circuit is to generate first,

second, third, and fourth data elements in a first signal generation time period, and wherein said
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52. The nethod of claim51, wherein said first type of edge is a falling
edge. 53. The nethod of claimb51l, wherein said providing two request

el enents and two address elenments conprises: providing a first addrze%QUN 2004
el ement and a first request el ement synchronized to a first edge at |east
one of the plurality of address strobes; and providing a second address

el ement and a second request el enent synchronized to a second edge of the
first typéirek bas mechackioneisad ginbetefabtrand fecoat @l dsts admenssiigaadcsnd Sghal The

met hod of claim53, wherein said first edge is an address strobe falling
edge and geleatme CigRPperd eid Srsasigmtigineasorstimojeeiod agd 1agl sectyd sighd gevkrdtien agent
conprising: a control interface circuit to drive a control signal at a

cl ock fr egHegBayd eadi batgsudstantals equiNabmf @aelack Lyl ¢f atedock sigua tatdregds ael ement s
at substantially twice the clock frequency, said address bus interface
circuit te dékVegaencgriherettd address strobe transition for each address

el ement; and a data bus interface circuit to drive data el enents at

subst anti al | y affastredgd dradirttiiatacireieks tofbe podituney at salstaoktialht aal AfUyrdent mirft &€ e
circuit to drive a centered data strobe transition for each data elenent.
56. The hustiraganhl @healiai thferioher ein said data bus interface circuit is
to generate first, second, third, and fourth data elenents in a first

si gnal gener atd fag ddpd®f apetdnddata athebe idte be positimbdat4ubsRinBal JlAN 720@4cenid@mess bus
interface circuit is to generate first and second address elenents in a
second sicgeal firsgapei aéretfiof imeperpdr i od, said first signal generation tine
period and said second signal generation tinme period each being

subst anti al | y e@gtindabgndf skio fiest ddtoakobe ysab e phsitanal 2 ckbswingpliala 67 haterceper at es
at the clock frequency, wherein: a first edge of a first data strobe is to
be posi t ipenedf it fisukigi-apéicakibytiae fiod; percent point of the first signal
generation tinme period; a first edge of a second data strobe is to be
positi oned at Sitbaidadid &lshiyd secodd ddba pbe NG bmisivbnedof substiadiafly p $7.5 pergerd|
generation tinme period; a second edge of said first data strobe is to be
posi t i ongdimbf Gt st siphdl @érleyatian Hme perjpar cent

said first data element to be generated at a beginning of the first signal generation time
period;
said second data element is to be transmitted at substantially a twenty five percent point

of the first signal generation time period;

said third data element is to be transmitted at substantially a fifty percent point of the first
signal generation time period;

said fourth data element is to be transmitted at substantially a seventy five percent point
of the first signal generation time period;

a first edge of a first address strobe is to be positioned at substantially a twenty five
percent of said second signal generation time period;

a second edge of said first address strobe is to be positioned at substantially a seventy five
percent of said second signal generation time period;

said first address elements is to be transmitted at a beginning of the second signal

generation time period; and
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point of the first signal generation tinme period; a second edge of said
second data strobe is to be positioned at substantially a 87.5 percent

point of the first signal generation tine period; said first data elZd&nit 2004
to be generated at a beginning of the first signal generation tinme period;
said second data elenment is to be transmtted at substantially a twenty
five percent point of the first signal generation tine period; said third

data el ement isfid k& oRBaddranashédieid tole thrbsittanitisalstayttialyfal fffk\peRefitGRME opoi Nt oOf
the first signal generation tine period; said fourth data elenent is to be

transm t yRde@hd 5iha lamthdtRh ke pesventy five percent point of the first
signal generation tine period; a first edge of a first address strobe is to

be positioned at substantially a twenty five percent of said second signal
generation tinme period; a second edge of said first address strobe is to be

posi tioned atTnsuhsiant dralalny 58 vaeMaN JiNE bup BfERRE cikhit Hab drisacmisd si gnal
generation tinme period; said first address elenents is to be transmtted at

a begi NniAfeRftrifat §2CROK e84 AR sai IBBEIIResOobd NRinpaTrAdddraRdrdd 2 9 JUN
2004 said second address elenments is to be transmtted at substantially a

fifty peﬁrﬁ@sﬁlﬁonﬂ@!a@itrstgglaﬁ?@o BERBAGhS I IORerdd QN ARt a@dbeds e e MBIt @decold . The
bus agent of claimb55, erein said address bus interface circuit is to

drive a Ghd-sds sﬁ*&@ﬁfaﬁ§ﬁor§$fﬁ%%n@?olﬁm tEbORKstdntigmU@ARIed of aisetohd hddresaddr ess
strobe having a first address strobe transition of a first polarity to be

subst ant igRleyt, 2RESHESIIPRs Behbdt ShinQEH:QSveab AIFETRt 1dd1ehs JleHRAOAM wiRetdi €SS
strobe transition of a second polarity to be substantially centered on a

second adghass buShRMBRLcirchilB tS@HRISLr RELEASSe BHLNBRIntOMIATir & ARG SCsHeiad@ t O
the first address el enent, and wherein said data bus interface circuit is

to drive afseddhd QRN SRt ind Q18RI MHRUBNIS MAGYR of the Fist dah ardbeinbee and  a
second data strobe, and wherein a first edge of a first type of the first

data str Qigdnfallyte@red SH BT Bith Bbih¥nt COMLELENARE s folasity alicseedn@mBat , a
first edge of the first polarity of the second data strobe is to be

fSUbst ant isgbieyis RARtsEhMBLAN dehered 88 0RAeddnd darLtieNBla second @@ URdTE tgfe ofhe
irst type of
the first data strobe is to be substantially centered on the third data element, and a second edge of

the first type of the second data strobe is to be substantially centered on the fourth data element.

58. A bus agent comprising:

address generation logic to drive two address elements in a duration of one clock cycle of
a bus clock signal, said address generation logic to generate a first address strobe to have a first
address strobe transition at a first address element center point of a first address element driving
window in which the first address elements are driven, said address generation logic to generate
said first address strobe to have a second transition at a second address element center point of a
second address element driving window in which the second address elements are driven; and

data generation logic to drive four data elements in a second duration of one clock cycle
of the bus clock signal, said data generation logic to generate a first data strobe to have a first
transition of the first data strobe at a first data element center point of a first data element driving

window in which a first data element is driven, and wherein said data generation logic is to
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the first data strobe is to be substantially centered on the third data

el ement, and a second edge of the first type of the second data strobe is
to be substantially centered on the fourth data el enment. 58. A bus agﬁeﬂiN 2004
conprising: address generation logic to drive two address elenents in a
duration of one clock cycle of a bus clock signal, said address generation
|l ogic to generate a first address strobe to have a first address strobe
transiti @eneddte asdcbiddataddbenthaed fi@ntansieot efthg@tdid dafa solfei af 5 tecattda€s S

el ement driving w ndow in which the first address el enents are driven,

sai d addekssngener pdintal a kaghdddtoelgade hadisg wihdow irf Wiiish a sedshidefat etdnfeatie t o
have a second transition at a second address el enent center point of a
second adeivas sndewiedrEn kaid daty pengravibmidgivid ta gederadsaid @ sisiatciobead Hiveaseindnent s
are driven; and data generation logic to drive four data elenents in a
second dufanadificiofoie frselatl sacle £y @i dagfelehfart dohisr @limMoRa thirg dath clesiantd dat a
generation logic to generate a first data strobe to have a first

transi ti @fviag widwl ih mafichdiathiad Gtd fenls daivén, mist widkadinsagd dafegtheragitiegic poi nt  of
a first data elenent driving w ndow in which a first data elenent is
driven, adgenshes Ridkesami datd airébe GERRE akécond hrOGiiion bthd @cdfll dAtaStrdbdNt 2004
generate a second data strobe to have a first transition of the second data
strobe affothsRtadhdiatater phigtoFafotBkaleldp@hitrivit vindo@ciamdhidiatfaure] darent
driving window in which a second data elenent is driven, and wherein said
dat a genefeatehOiBdti@@l C i S to generate said first data strobe to have a
second transition of the first data strobe at a third data el enent center
point of a third data elenent driving window in which a third data el enent
is driven, and wherein said data generation logic is to generate said
second daba sTieHe agedt HiayamasSeleedida firsamsisitiboof thé filshdataseebishddatandt r obe at
a fourth data elenent center point of a fourth data el enent driving w ndow
i N whi ch tAnditei dfithefivsedatackrobeedi¢ off sfirgirholaéiny. anB Said Tifseddvisrobg Rasta texhsiddradéfm 58,
wherein a first transition of the first data strobe and a second

transi t i @pp@ite phigridyiaftst thafiisatraititiobel the frsfatazstrbbea @il bpfoteahd feyor@ncingaend f i r st
data strobe has a transition of opposite polarity after the first

transit i aftieffirttiletafsirolet data strobe and before the second transition of
the first data strobe. 60. The bus agent of claim58, wherein said first
data strobe and said second data strobe have a frequency of substantially
tw ce a bus clock signal frequency. 61. The bus agent of claim58, wherein
sai d fir 0. anthestes ogat of daiwiS8) wirseinfaid fist daiarsgpbeaand szé ewnull data strobe have a

frequency of substantially twice a bus clock signal frequency.

61. The bus agent of claim 58, wherein said first and second transitions of the first and second

data strobes are all either rising or falling edges.
62.  The bus agent of claim 59, wherein said first address strobe transition is of a first type of

either rising or falling and said second address strobe transition is of a second type being the other

of rising or falling, opposite the first address strobe transition.
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data strobes are all either rising or falling edges. 62. The bus agent of
claimb59, wherein said first address strobe transition is of a first %gﬁ@zm‘
of either rising or falling and said second address strobe transiti%

of a second type being the other of rising or falling, opposite the first
‘address strobe transition. 50 2 9 JUN 2004 63. The bus agent of claim62,
conprising: a control interface circuit to transmt a comon clock contro
signal in_an address phase éhat al.so includes generation of said two
address &PenmettedVs 8858t Y5108 g QP8 W& econd common ¢l ock control signal in
a data phase that al so_inc)udes operation of., said four . 64. A
bus agent conpr B dterach L FYSEYt 2F8PROp ﬁltogkr RS gngﬂ%‘ltaﬁ?%ir?st f,’%?
address interfaces; an addres

¢ strqgbe interf X I interf
or 5 budht plt peGRty PTG B L T A BT e SRR B ho 1 € ace
eneration |ogic to generate an address ,strobe o i.d I trobe
ignt erfai:équ]éﬁ%ﬁ@l S H’cﬁ“gw?@fer%%ég? P@@ﬂ%srf’(?f/rat’ q%ﬁ%?gouég%gftﬁﬁ%ﬁng of said

bus cl ock frequency; and address transmt logic to transmt address
el enents onto said plurality of address interfaces, said address el enents

synchroni zed to predeterm ned edges of said address strobe. 51
64. A bus agent comprising:

a plurality of data interfaces,

a plurality of address interfaces;

an address strobe interface;

a common clock interface for a bus clock signal having a bus clock frequency;

address strobe generation logic to generate an address strobe on said address strobe
interface having an address strobe frequency which is a multiple of said bus clock frequency; and

address transmit logic to transmit address elements onto said plurality of address

interfaces, said address elements synchronized to predetermined edges of said address strobe.
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