QUAD PUMPED BUS ARCHI TECTURE AND PROTOCOL TECHNI CAL FI ELD The invention
generally relates to processors and in particular to a quad punped bus
architecture and protocol. 5 Wth the increasing conplexity and demands of
today's software and applications, there is demand for processors to

provi de increased throughput and bandw dth. There may 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 perfornance is the speed and
bandw dt h of the processor bus or front side bus, which 10 is the bus

provi ded between ong @nmm@nmwmnmmomwam e, sone
Pentium(r) processors Lg%% as a Pentium Pro(r) processor by Intel
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 WHz (as an

exampl e), t HEGHMNMCAIBELD ate woul d be 800 Mytes per second. Various
details of the Pentium Pro 15 processor architecture can be found |n t he
"Pentium Pro Fani |The Devewiongencrally nelpiasi provessarnind in partydasitg ¢ gupd pumeed-bus
January, 1996 259-0. Wile a data transfer rate of 800
Moyt es per seggHJEQL ‘ﬁ??%%ient for applications, a need exists for a
processor bus thatww@tmwcer@gnawmmwwe%dwés ¢ ey Sapyare anbiPPESEAMH dt h. D

DI SCLOSURE O: L\%It:]ggur%%r?g Qgsgﬂs ﬂﬂ)r&ﬁd@ﬁkr%ﬁbﬁ%ﬂﬁt 208 bR idM. EFeRtmay be

i nventi on, nsmtting information over a nultidrop bus from
a driving agemt ot WorE MRsouTEES WHICh CHNCPBTalE th A BB P"s’fonﬁi”l‘ﬁl SHEES MRUEBRO N bus

clock is proyj, ‘fgpeh? % Bwfat}\enﬂﬁqbwm agentneabdukbeat 8681 iiREs &0BRRIes A bus
transaction i's SSUE r

omthe driving agent to thewﬁge or (ﬁg ﬁﬁ FV|ng
agents, 25 i mohpdierpsriomnesigtheisreed ang bangwitth of thepronessprirs ¢ eat $9508%
el efents for ;a, e%k'%ﬁ;@:d@@fo&w@éﬂ on@-@d%&%r@é&oﬁ%n@-tﬂ%ﬂmhh&l’oﬂ Sarfplasbine pl e of

the Trequency of the bus clock; and 2 he drivinp e ctivatin
first strobe Rengerl preesssoprdruch psp ReRERM ’F?Igp‘i"é?fé‘?r ]ga g’ﬁf“‘?% ik “’S‘ﬁrgite t he

i nformation elgmutss Ghink@fer 8hylehperamiste R6S1dau Syclel bied dmttdamﬂeraIBQ(byuc m@dhudes
transferring data fromthe dri ent_to the one %BRﬁQ @S Vi)
agent's i ncl udingdn 4 gpck eley TR ﬁé’h‘égré’ﬁ s03 §Logf 15 pTOR Y Sl ¥ nf or maF

el enents ont qragfatahshy fethodd baS®E Wbats pes seaord fwaenwmmm lof {hp Pentiyfm Rrot he

frequency of the bus clock; and 2)..t Vi a ARLL o ond
strbbe to |déﬁf"i?ﬁ?r”ﬁmﬁﬁmﬁeﬁén%ﬁguggrmﬁorl%ngrmer%gﬁ%\?fi%ﬁng Vgér:l : gsilﬂbrnﬁgld@sgﬁ%l e the

i nformation el.epeaicticts"Viemaont806 IRBN 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.

2 DISCLOSURE OF INVENTION

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

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
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data bus. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 The foregoing and a better
under st andi ng of the present invention wll becone apparent fromthe

foll owi ng detail ed description of exenplary enbodi nents and the clains
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 on disclosing exanple

enbodi ments of the invention, it should be clearly understood that the
sanme is by way of illustration and exanple only and is not limted thereto.
The spirit and scope of the present invention being limted only by the
t]?r {“; OB the ,anng Eﬁ@%ﬁh@&u&mocm}m fyahd divimg e priesemtascionil é‘FOQ}é%@F?‘Ht’l onts
o] e draw ngs, erein ig. i's pnput er
accor di ng t o when renfr @O@r’iﬁfé’di%@ﬁ"tﬂms?@?‘!?m{)ﬁ% rggﬁgrtfto %%}%@%ﬁﬁrh@hgoﬁ?gx 2 is
a diagramillustrating a processor bus accor di ng to an exanpl e enbodi nent.
Fig. 3is a t| mng di agram illustrati xanpl e bus transacti on phase

rel ati onshi pBRIEE DESGRIBTHAN Y IRLY, according to an enbodi nent. 20
Fig. 4 is an exanple t| mng diagramillustrating an exanple operatl on of

5
the~“comon clock signaling node according. to %n JbecdneS @
timng diagram | s tfpragdingga e punpe sfgnal ing
di | s tipragdinayanshi PetsT JRd %‘r‘afgﬂ’g %a‘ﬁ%ﬂ”ese“ ifBton & d

nmode accor di ng 1o, %mquﬁﬁbm@detaﬁédgks&ph&a o ekiérmplay enhbagnnam pid the ¢lpiasi ng
oper ation of B exanpl e

oubl e nal i n an
enbodi ment . Fitgnreéad |n§0911€dﬁ!€}i'g’t‘lﬁ7f+ﬁ‘? APASEP YRS %@‘gflﬁ%alrlr% ik 1r’rﬁr’r{J %%@%‘g@%ﬁ%el ay
between transa ﬁ'f‘! O ]m%ﬁﬁmcﬁb;@gon&gdﬁ flloRing kit agiihusratd disclepprdeasts f or
n

transferring O MBL1 on between agent s accor.din Fig. 9
is @ bl ock dicgliwivsiog emmplespRPEMgRLs PB‘P‘* PYIHEY: érsbl‘ﬁ%&i d%“?ﬁa@%#%@%%en

agents 30 acgor %'bpg, %Qf AL esRRgdie BRI ERd Isﬁrnmmﬁeramrmmamcw THE
| NVENTI ON 5 | dliction Accor di ng to ﬁ‘ nbogdi nent @C cessor bus is
connected to @fﬂmmsawwmonﬁasg’gé’géﬁ?gnly &) 8‘%& i 00 FPSI e Decause some

types of signals apg fglﬁ&nmegﬁc&dtslb&bms@jpﬁ@mmme@kmnhgs wherein:

Fig. 1 isablock 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 an embodiment.
Fig. 5 is a timing diagram ilustrating operation of 2n example guad pumped signaling

mode according to an embodiment.

Fig. 6 is a timing diagram illustrating operation of an example double pumped

25 signaling mode according 10 an embodiment.
Fig. 7 is a diagram illustrating the minimurn latency or delay between transaction

phases. Fig. 8 is a block diagram of an apparatus for transferring information between

agents according to an embodiment.
Fig. 9 is 2 block diagram of an apparatus for transferring information between agents

30 according to another embodiment.
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signaling node while other types of signals are transmtted using a nulti
punped signaling node. In a common cl ock signaling node, signals (such as
control signals) can be driven onto the bus at a rate that is
substantially the same as the frequency of a conmon bus clock. In this O
node, the edges of the bus clock identify points for sanpling the signals
driven onto the bus. Bus throughput can be increased by operating the bus
in the nulti punped signaling node in which nultiple information el enents
are driven onto the bus by a driving agent at a rate that is a nultiple of
the frequency of the bus cl ock. The driving agent also tenporarily
activates a strobe SI gn3 f(%lsﬁ‘ﬁ‘?lk gTﬁ)@Nnts for the information
el ement s dri BESTMOLK ' mode. I nformation el enents
for a request can be drlven for exanpl e, u5|ng a doubl e punped signaling
mode in which two information el ements are driven during one bus clock
cycle. Data &1 0P iRy o data line transfer can be driven, for exanpl e,
using a quad pur’rp&doralngﬁwénleﬂxgom&e,alpmcvsdwrdvhslfsgumeﬁaitlaarelll@hﬁ’r@tf RUSEREsdr i ven
during one bus clock cycle. I\/Ultl g ly

act idvat ed i n Tan byt ISsEtiaYf PERRY e gypﬁ)&tsr‘& ngazérrg%%ntﬁzgﬁ?gnggégﬁﬁgg??equency
of the strobeishgHaahse vﬁﬁﬁﬁlhbﬂgpﬁspﬁmaﬂ%ﬁrtaﬂSbémde@V’@H‘ wrred BiEtplBRIl y one
type of edge (gg g., either the rising edges or the falling edges) of the
strobe si gnal’%"dteo identify the sanpling points. In addition, mninmm

| at enci es bet ween InaE@mﬁ@ﬁndcmmgrﬂhaﬂe@dcmab@ummnh@bls!srelsmﬁée €638y mat ch
t he maxi num speed of t t dushi@naliimeg node.
25 11. Archi tBCPYIRE BiE atlss‘l%sstaﬁ aglpock |%Q}}eaf%§}] uéftarcgﬁmr%ﬁ a comut er
accqrding to raénegmaa@eemehémdlcmnﬁenidi p(tlﬂftefOpré@élm the Fgea FHRD oA Ee SBhmput er

i ncl udes one or e e multl Purmied RigRIRE SOr
112 and a processrrg‘liS f?’ﬂ"g %%?‘8%’3%%%@%??2”%‘8?‘%‘3@? an |ﬂ;e§nalgﬁ%aghe
(not  shown) .ma@ 1Emhhmmsfmmat®nallcsleméﬁﬁﬁ@‘@f‘é’ﬂmt‘]éf%’Wbﬁﬁﬁﬁ“%ﬁ’f&&@or bus
117 (al so known g% samultlhlg%tthlglﬁ% &Ecnyf%tbu§bl@§( bﬁ'ﬁ)dnwﬁgggenealtc&eﬁlpdhlﬂgr am
illustrating Pl processor bus 117 dccord ing to  an exanple erébodl

shown in Fig. acﬁvattmtrpbmglsb@rdcﬁ!fsSam?ngm’l'tﬁ@ég‘cHlf?,’H’ﬁ‘t‘ e CHYT

add ss bus 204, upﬂgl & (f'ﬁltaﬁnm Zﬂﬁnrmﬁﬁ)ﬁgfeﬁlhrﬂgfoﬁQre@&sﬁﬁbbﬂdrmmﬁw ekhmﬂdat a
bus 06 i ncl udes rTB gnal s, i ncl udi ng

addr ess bus 2@dngd @Ghlﬁ mllﬂl?ﬂﬂé@h‘ﬂ’ﬁ?“’gf ﬁ‘ﬁ’ﬂPCh t?”ﬂdl ?Rﬂaﬂa’ eg%neDtufcf rce‘grlsve ?‘%e
A[35:0]. The BIOGESSAYcyiS Dk Liehfih [ Saraliiisaneibomk b¢ BOtK) for Sawplebusinec ock

is conmon and Is provided to al nts via the ontr
processor busa ﬂl‘laﬁ%umpﬂd signaling mode in 9,]? h?our dala S0Gentat drnlentwﬁngztgig w8 clock

cycle. Multiple 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 11. Architecture
Fig. 1 is a block diagram illustrating a computer according to an example embodiment

of the 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 1o 2 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 1o

an example embodiment. As shown inFig, 2, the processor bus 117 includes a control bus 202,
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5 The control bus 202 al so includes many signals. The address bus 204,
control bus 202 and data bus 206 are each preferably a nultidrop

bi di rectional buses. According to an enbodinment, the term"nultidrop"
nmeans that the buses are connected to three or nore bus agents, as opposed
to a point-to-point bus which is connected only between two bus agents. A
systeminterface 116 (or chipset) is also connected to the processor bus
117 to .0 interface several other conponents to the processor bus 117.
Systeminterface 116 includes a nmenory controller 118 for interfacing a
mai n menory subsystem 122 to processor bus 117. The main nenDry subsysten1
122 typically includes one or nore nenory cards and a caont [ .
Systen1|nterhamﬂh&i&mapﬁaﬂwd@h@éégﬁdﬁmmﬁﬁ&FWB&TE%HmTﬁﬂﬁfmég Pgngﬁ 120 to
interface one or Q1de¥dr &€ 8ush04 fiftandidecas8aignbus 117.
In this exanﬁﬁ@yﬁggwgym%&ggp a@gﬁ§f2%3pf. 1, the 1/0 contro”@ 9 ng

i nterfaces amcbikﬂmgﬂﬂadtgessmmﬁﬂﬁq h&hqrereeseys | biuaclydey? bus glppk ?l&é 24
operates as a buys_br MBS Mhe SHSHoBTs DO EF oo er blB 1and an
110 bus 130% qu“S&ggﬁmE%}%gggﬁ%?gg?gggwgnd 1/0 dewcesis ? &@nnected
to the 1/0 buei@8rol bus 2Tplsdnclyies reowEiLeAls: EPC%@?S%H&Z%@“E%}S?P%@ PET“F34, for

exanpl e. 1/ 0 bus, k30 0. digu 3, il bR aliok BRonanLorting R enbeoter BE ) - bus
or ot her type 0 % [11. Agents Bus, agents |s§ilde transacti ons on

the proc essorterbusmlltidi‘on”onqamsethéﬂérbu’éfaﬁré corppgeted 8 f1E5H O MITSGPRERT B K Btls agent

I's any device, BB&@- 3!3%1‘?8&5%%91& &&n&&&%@memomgagemnere may be several
classificationa’o S agents 1) Central Agent ndl 185, 1.8 dwar e
e doadnt

configuration and $ﬁvﬂttqnalﬁ162@9q B, (o6 RSy ps 31525”?‘?‘35{}‘? aetF ﬁosccsé?l alized

har dq“'af € err Qh fA8d.a6id A Bnandhasithis Agihe mc@mw a7 syacnpmcfesesldﬁ mch@y-s 110
n

Ager interfaces to 110 devices gsin ort ad bus
bridge to arfopHery gerarollad 48 1op pite] Hnag(ﬁnegg oy L?(\%lhsyg ﬁg%rro%i@orlgﬁs A7

Menory Agent TR SeSodCaRFdert mznﬁjmllmﬁmﬂgs ONSUCIDrAPEMBYEATSS 3B ﬁP?ftﬁ‘IO er

118. A particul ar bus age n one Al onohRsntdh a
transaction: BWu) SEEEH ‘E’Fﬁ‘bﬁ%alsﬁ et BLFW%ﬁt(Q{)%C%W%sue; the

transaction. @k oAG{iEeeBG eeldggentO ddfhiess agbnpromela@r bisst 13.d By this ¥R copfpater

transaction. Al so. C lle AJEIRE Y2405 thi pctkansacti on is
addiéssed to TR¥"H ﬂmit_[/% Pﬁugmggétolt a?{agsfnr ecomfgu zes thﬁ s ’[“L%’ menory

or 1/0 addresso bAdglzelne foperaies ase;bhfybrtdlgawgﬁeltchbhﬁ‘i”éenaféﬂ‘“r"ég’éﬁéfdcet ent

that issued t\':?e 1%6' Q m%g @B%Qﬁ}dllgg an@)fO%E'»QéH@'cﬁ}gﬁg@ﬂﬁccteAtmeﬁort@s bifs agent
t hat observes transactions to 0 b
such as lfO contro]ler 132 and /O controller 134, for example. /O bus 130 may be 3
Peripheral Component Interconmect (PCI) bus or other type of /O bus.

20 111. Agents
Bus agents issue transactions on the processor bus 117 to transfer data and sysiem

information. A bus agent is any device that connects 10 the processor bus 117. There may be

several classifications of bus agents:

1) Centra! Agent: handles reset, hardware configuration and initialization, special
25 iransactions and centralized hardware error detection and handling. An example s a processor.
2) YO Agent: interfaces 1o /O devices using /O port addresses. Can be a bus bridge
to another bus used for VO devices, such as a PCI bridge.
3) Memory Agent: provides access to main memory, such as memory controller 1138.
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 VO transaction is addressed to the memory or YO agent that



o

mai ntai n cache coberency 5 4) Respondi ng Agent: The agent that provides

t heresponse to the transaction (typically the addressed agent). According
to an enbodi nent, the respondi ng agent drives the response onto the
control bus using the response strobes RS 2:0). |IV. Operations,
Transactions and Phases According to an enbodi ment, bus activity on the
processor bus 117 is hierarchically 10 organized into operations,

transacti ons and phases. An operation is -a bus procedure that appears
atomc (e.g., appears to be indiv=isible or appears to happen at one tine)
to software even though it may not be atomic on the bus 117. An operation
may consi st of a single bus transaction, but sonetines may involve multiple
bus transactions.or.a si.pgle i | delfe il kol vitbaBsabiadra s bddansiier s.
Exanpl es i ncl U;a%gngesr18%%)&11@%0%6&%03?&2};6?%&51&%% e operggty?}on, a | ocked

Tead- nodi f y- wiie agenofpatrigtddome aigpbatieferctiad operations. A transaction is the
set of bus activiti rel at ed. S 1148 0H: 8048 Shoopét) b RSIALEL I DIBN0
begins with bus ar%}les[?“r)%{’t“llg?‘ ,e%ahga%m%bg%sggr}ti on of '?he ng# si gnal

(i ndicating thamtadcasieédolssicy-i s being driven) and a transaction add]ress.
Transactions are drjen, . v RR &k BEponehas e rimBadting(iym@llabout  a
chansed cache stat @I,RBS ;Bh?lggégeglé?g%gt@rﬁéﬁa? stem wi tph I nfon-tgat is%r}.resﬁgnséx phase
uses a specifite asertssai‘agsitgWabgdbafoc?@ﬁﬁb?i%{fé%ﬁt’éhed“ﬁ&? 1T A Ty pe 0

i nfor mation.  The Diases,Gan, RGLydae sabbi ksjabi.on, request, snoop, response
and data. Not A% Transactiors contain all phases, and sorne phases can be
over| apped. TH¥. @pérptiomasTransagHersend Ehdfiere the bus agents deternine who
will be the next bus OMREH ah3RbAGEHE, HIbiStivion thdgobssr befld? & Naydityy a
transaction). The request phase is. the dptgase where the transaction is

i ssudd to the obgsizediinie pBAERHSHFBAELE* 1P EFiE phase where cache coherency is
enforced. Tl)e resg&%éam%ﬂadsqsrohmrqahameamktemé(t-aeapa%féﬁté%@&“’éﬂb“t%rget
agent drives a transaction respqnse_.ont the BB EESAhe PRASE, the
requesting or PREFOHEIPRE %Pn%‘ﬁg‘gﬁ? Wémgﬁg‘ﬁ%&ﬁor‘@?/g? ag_?mgcce_pts th@.

transacti on daffepefa@s mE@BisiDbf SinghdbsTansanenbi saprigirenat A 18 BUEB bus
117 include a bus ¢clock B [l ] Lithiel @lal adfteE-singrRalinch ik #eand t he
reset signal FREEFPS %ﬁé'"qﬁslgagfag%? &%%m‘é%til%[dla Q aﬁe tnpgg ifferential bus
cl ocks and ' mayogentign Aerat@eration, a lackedaredadEY OF I IPERROTIF CEITTY P The t wo bus
clock signal's, BCLK[| - 03, a6 B8hCobdives kalaed oaaigiahes spduesti @ctiehsrciaut ed

as two separate si gnafs to reduce timng skew. cor di. { adiJdrent ,
al | agents dribegins withbiyarationnne thsEReBIP 5{?&“&?@ Sllg%agtﬁgﬁt%g?r E:%Jrﬁz’?on el ock

inputs on the hys, chack) HaSicigsestgaddres, aehsaptos essioveng & PeplY, st PHEer nal

4
|l ock fromth I 1( BCLK si gnal | tiplvi " ,
© o8 omt edabtzlxjjo i(r:lqu?r% abou% cha?'age% caa'chelg%tefrcyr t(t) prBluMé g 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 ransactions

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

ase is the phase where cache coherency is enforced. The response phase 1s the phase
In the data

25 sn0op ph
where the addressed or target agent drives 2 transaction response onto the bus.

phase, the requesting or responding or sncoping 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 ciock
circvitry. The twobus clock signals, BCLK{1:0],are logically identical and physically routed

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




arid/or dividing the bus clock frequency by a nunber or nunbCTS. According
to an enbodi nent, the RESET# i nput signal resets all bus agents to knowmn 5
states and invalidates their internal caches. Mdified or dirty cache line
contents are lost. After R ESET# is deasserted, each processor begins
execution at a power on reset vector defined during configuration.
According to an enbodinent, the INIT# i nput signal resets all processors
without a. ffecting their internal caches or their floating point

regi sters. Each processor begins execution at a power on reset vector
defined during configuration. Fig. 3 is a timng diagramillustrating
exarmlje bus t&@ﬁ%&ﬂ%&%@&o&%@@@tﬁﬁﬁh%}?maisklirmﬁorfcﬂmkirtpmOemmc@ci(ria‘ﬁ&%ﬁ ons
according to an enbodi nent. The cycles (1, 2,.3,.4,. 17 ~

clock (BCLK [Eaub)yocssser Qﬁﬁ’\ﬁh‘tét““ﬂ“ﬁgd{o%%o‘:’f‘ﬁé P”éc“t“’a‘”ﬁgﬁicé's‘(% &?Eﬁ%ﬁlﬁhﬁn{ggr
indicate Varjous phasese b cdckdBgred W dimbéhirhembdie rect angl es having a

number 2 indicate phases for 15 transacti 2. As ran be Bge]y o i <N PRC
the transactions aﬁ@%@lﬁ%%é&@?%%“bf“ﬁéﬁsﬂﬁ lrfpg‘ssfﬁngﬁ?scgﬁg?&% tf’;lnfrlrptl e, for

trangaction 1. arhistiatiiAa tREGHES: tandusiotifiotd deychabsife candnt@are fosig &St

§
S in cyc’]aes 3 and 4, snoop occurs .in cycles 6 and Lesponse and
dat a transf er RESEGH is dsawgradeach 18Cesing Fgns ef‘ﬁég‘,o" 712 }(D:Oa"l'lrr}E ' Bltza rcssggﬁat hat a

response and gdat ctog@é],g;tﬁ,g_ may occur many bus clock cycles after the

ori gi nal request phase. Al so, there can ver|ap_ b aseSwidfout
di fferent 20 trans¢€eqraig 1o Fb?m@f?‘&??ﬁﬁ’g?e R iPlid altfi%%"'\r“\@%ﬁ’a@% For o

transaction 2, eGHE feRint@RIERXIsBRNE} Yoatifigpoirs eugBictsi Fashaectdyer begrifdeiphase

for transaction 1. V. Signali ndg l\/tagigs Accgrqgt%g to an enbodi ment, the

procéssor bus 212 povwes o geafiaEer AFSURPIPSEYWO si gnal i ng nodes. The first

is a coninion cl oclg:;g's_hggaidlingdiﬁgdeiliumamgehrr@lclbusirgzm@lhoaﬁla‘ﬁva‘ﬁ“ﬂﬁh‘ah@’ 25

sanpling or latch points occur with respegt..t RN bas £l ockr 6BEE K#)

that is conti AyeEETPIOFBFICHEY HEYIRER a'é%n %{lg’;rg%lt'??%ﬂﬁeﬁus clock is..

typical ly gengratrek BCIX ¢l:0F kreahivn atolie tob.0Fke Triralysthaping ¢ingElcrgning ate

not her board, and is_co nto al : Q2 RSN SmbeR 2 Shdica R TRk Sfor

Si gnal cl ocki ﬁ’gnwstﬂklastﬂgg"gé'é?saftbo)"tlh‘gﬁ’%g‘ﬁ’rgr%géﬁ%s. cl o%k i S er_ef erred.1q.as

conmpn ¢l 0CK than¥etisii el cemig: ssodienm Mg Gothd rergadtionsanc BRHEH RERPI T, ﬁi‘/""'

control signals provided Over. 30, {0f.cqntol, S Gcles PRSI, tedhedt wsimg t he

common cl ock (ﬁ%fxaé’?péﬁi(fritrﬁﬁsa%oﬁéfarglqétécond "signal i n 'rEDde i %raccgrqlltciﬂe@urfpw

si gnal i ng nodenshilah aad 4,cvmparsursiméyelenBaidg e FERUPeP I Ae B RAT TS &

mul tiple of the tn(rg.a[QSfﬁﬁs AL L SUBPRL LS EspBYse bREdLOEMBTaNmEY @ckr rang byrridckng
ing to 'an e

mode. Thus, accof odi ment, the multi ' ed kil
node can oycles after the original request phase. Also, there can be ovcrl:%%rggvcen &agesgf didbng

for transaction 2 occurs at approximately the

20 transactions. For example, the arbitration phase
same time as the request phase for transaction 1.
V. Signaling Modes
According to an embodiment, the processor bus 117 is scalable and supports two

signaling modes. The firstis a common clock signaling mode in which all signal activationand

25 sampling or latch points oceur with respect to a common bus clock (BCLK#) that is

continuously provided between all agents. The bus clock is typically generated by a clock chip

or clock circuit provided on a motherboard, and is common to all processors or agentsn 3

computer. Signal clocking with respect o the common bus clock is referred to as common

clock (1X) signaling mode. According to an embodiment, many control signals provided over
30 the control bus are transmitied using the common clock (1X) signaling mode.
A second signaling mode is 2 multi-pumped signaling mode which allows an

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



support information transfer over the processor bus 1] 7 between agents at
arate that is a nultiple of the frequency of the comon (i _c., systern)
bus cl ock. For exanple, the multi- punped signaling node nmay provide for
exanpl e a doubl e punped signaling node which 5 allows information (e.g.,
data, addresses or other information) to be tTansferTed at twice (2X) the
rate of the common cl ock frequency, or nmay provide a quad punped signaling
node which provides for information transfer at four tinmes (4X) the bus
clock frequency. To facilitate the transfer of information at such rates
or frequencies which are greater than the common bus clock, the driving
agent al so issues or provides a conpanion signal known as a timng "strobe"
10 used by the receiver as a reference for. cap ' haehobd@n

nul ti - punped ismhdtnquenifhusqq?@ff“éwﬁ%&%P?%‘&‘%n{é“g#éng%%egggﬁghg| is driven
toits active S‘lépﬁjt\églc]"fg}ma%m w&Hstey @0ertiRe odesoobusf OF tatwear bicvie 21 v¥ShalR) , and

the term deass means the signal is driven.to | I ACLINGE, HeoMek- The
Sduar e, cf f ol ot o PGPS FRRISTPE (TS TR SoHE i ng. i AT

described bel qw i 0:indi Cab® Myanonad fof eulak ssioghialpsmendeiaplinganobrélinpl ed.

The square i ndi cat es that a 15 signal is dri ( et ferelbi thdde @) 1 N
that %l ock cycllews mframetiopés & qaﬁd?%éef%egort%}éetrm\zﬁ&g]iaé%Zﬁ s "sanpl ed (Qbserved,
latched) in that,.6lc@Rkedmmidn@iocl hemeidyodreny provigpi ©af PynRed Benaps SAGW 4
sanpling point based on a risin r falli 0810t eqhdiey. brstasitiatkhd BCLK)
in the conmon rEbyed f‘(fl‘fb@““ag‘?’brﬁ&ffg’nag?or‘ruoﬁd’g?s (%Jﬁyg%eitr%iganal e i'ndl cates t hat a
signal is saml.gdepss;isepiaeest shaseds onfrequeiciss mich gre Fate g MefGR™SP °8°
conpani on signal, terned a "str.obe, " 16 R0S: R ¥n R kefvaraa bliidge stahe20 or
actiyated onl W%Fl!fr’ihﬁ@“"t“}%é‘g?“r‘%ﬁosfﬁ%"%ss?r %;b‘gl S_Saicﬁf gﬁr‘at iM;gn uﬁe. 9’8’ data, . -
addr ggses, ot haed b} ikt akerad aomefosee for heptysive eLREBPS B SR St EYOTRVE
mul ti - punped node. A. Conmo 0 i Liin@ivModes Acieooitd (ig., iovearno a zero
enbodi nent of the cﬁ?ﬁ’rﬁﬁ' a&ﬁeg%q?n?aﬁg%%agli%nél ilr‘{g m)se, _al.l. aa},ﬁgmosﬁpigacﬁg?e
processor bus fo}%n aftle fosqugmBdenddheliermy depsrd et s 2Bt PHUTS” an sar;p%e
required inputs. Accar di b QiAAD1 QUASYN 4TE Bled iresoteytimimgpditgrahrodasen
sanpl ed duri nglse%{dv?ir?? %““%’gh%#“?%’& i F\tgreval on a rising edge. ofe ihhe L £ ock
and its ef f ect b&w resditate Weendpitgelar 'S 415V FHE SBUs ™1 1 .ni) sooner than the
next .rising bus cl QSCAgvgﬂggstJJ St R0 Dhe: capEysic Thalcrdnindisries Pl 1 SIBESS c| ock
np

5 i H 0 -
cycl 61 for intefrs¢conponent comuni catian (,si.gnal .i. SdabsHawd ling
propagat i on) asanmtd (Phsaryed, laﬁﬁ@f“iﬂ“ltdﬂagcyélf'ojgﬁ%&}%% g%mﬁ’ AP

at "t he recei ve’EJ 1%8
interpret the signals AndismuEublEngrdzatipis dock(BEhEhinghe caamen clogl {1
after an agent "drives data onto the pr 1 P USnidd P BnRdd HiEddenkauBing 10
cl ock cycles, tigetlwsmedy Bﬁﬁé@glﬁf‘“%‘:ﬁges%ég?% ock gyﬂcl e (e. % o dead cycl e
or inactive cygleniheberd . canpatonsiendgemted e dxirole v e HEPPPBEBSSEY "hiis ™ 117.
20 or activated only during the transmission of information (e.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)s1
rive their active outputs and sample required inputs.

gnaling mode, all agents on

the processor bus 117 are required to d red
o an embodiment, every input should be sampled during a valid sampling interval
o the bus 117 no

25 According t
on a rising edge of the bus clock and its effect or result be driven out ont

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

1] bus clock cycle at the receiver to interpret the signals and compute and output a
bus in one or more bus

one fu
30 response. As a result, after an agent drives data onto the processor

clock cycles, there is 2 pause of one bus clock cycle (e.g., a dead cycle or inactive cycle) before

another agent can drive the processor bus 117,



e R

7 Fig. 4 is an exanple timng diagramillustrating an exanpl e operation of
the common clock (I X) signaling node according to an enbodi nent. The
signals are shown as they appear on the processor bus 117. Four cycles of
t he bus clock (BCLK) are shown. Two additional exanple signals are also
shown, including A# and B#, which nmay be 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 first and second contr ol
signals may be provided as part of a handshake or bus protocol, for
exanple. As shown in Fig. 1, the signal A# is driven (or asserted) at the
ri sing edge of clock cycle 1 (as shown . t S i £ 18O inSon
| at ched at the rec%ﬂ-\ﬁé%apeﬁxa’ap]FPg’i”ﬁcjméﬁajelﬂéstmF%ean%%ﬁ%%%?haﬁ?%g of bus cl ock
cycle 2 (as scbo%m)axiém% Gida6 h@okiB: tAf e mbBinsnt. Thaxigoals e seovm 3s epiRPGiTded
for signal propagation. ile A# is asserted at Walol &vmbie 1,
it is not obserteproemsor bkl BudoWnfyt'Fs ‘isfﬁ}ée%’éé%oﬁfﬁén%%g?%%’?mn%@%en t here
i s a pause Orex%y?ﬁl%%ﬂ}gx s &k OGKsHoWR | ifci{diy Amgnd m;u@ha@hmgkbwamegm@,alq Bﬁﬁ c
ere

del ays and fof ceiver to interpret t si gnal,s bl E6RLYBRenalt hEN
drives or asseatple AbmBHbed faen ! S'tgﬁaé?rﬂgﬁqﬁﬁiaﬁgt’d’*h%%)ggxgﬁock cycl &3 (as

shown by the J| éassg&l%ﬁ%g&ﬁr B )rst Whd 6t eoneblsegnssdnaniat wapted PPy lthe
ot her agents at the beginning of cycle 4 (as shown by the circle for B#).
According to lemdswakodibnemotocel, I9F §@8®r i ncl udes a 64-byte cache |ine

(instead of 32- byie cache gl nandisech iap isomen Rentieted) pr be Bisigppdge of clock

Therefore, if data were transferred usi t he, ¢ : Keidihg9dpS hidnal i ng
mode and 64 datck b(aSSHOinéé’,tthsﬂuﬁW“e%#)(ﬁﬁgs F&gﬁdeatﬁ%%]%¥ gﬁa?a %%gcoul d be

dri \éﬁn or tr agésg:‘j rgrir[g%‘FbLixer&k@}@e LlomkwEyehesirclHonseThusi dodraysje bisPIVEsd i ons,

it y be desi e to provide a faster. data t.ran & ptBc Adt oBdcRRE B
bandwi dt h. B. fdvisiznal prpegasign SVEHaAT Hjs%ﬁ%ﬂeaéae%e ]nw;}é(ltf‘:ngctlaricess, the | e,ngt h of

processor bus 117, w&h@%ivebinihg bi dytieal Thes teiench palisner indstve derkenely (157

si gnal propagation across the bus regl e La%L RendHETHE RESESOr
bus 25 frequbncsgockpiiele effoirlesic 3%?:’23?5‘?%@8?5 cﬁﬁggﬁﬁlg%? nent , gT;asit\)hgr i ncr easi ng
processor bus ye| opked 5 aeeanay Bitsana e bepmipedf Bisgingkicrrde piBEBEY >

increases the data transfer rate (oQver t AIIRR: HkASk 18 @BRhinpof aydide) by
operlating t he SﬁW@bPﬁa‘t’“BwBﬁ@oEﬁeaﬁﬁg nd[:fra%tg%df’g. g., %%dr ess bus or data bus)

at a mul tipl e 4Qfs an by RUEBEYor@#) t he bus clock (BCLK). 1. An Exanple of A
Quad Punped Signaling Mode 30 Ln.th RHIPGes S D ORAE tdaBe tred@steddné32-
appropriate bus si gMEP GRS § &"%’H&rﬁaf”g%qét four times (4%) L fd &agency
of the bus cl agk BRI usddrin sdrecitention g@sessqrs)an%fefstﬁwgg‘a‘“ e |

gnaling mode and 64 data bus lines, 64 bytes (one cache line) of data

it may

the common clock (1X) si he
be driven or transferred in 8 bus clock cycles. However, in many applications,
dwidth.

20 could
be desirable to provide a faster data transfer rate or greater ban

B. Multi-Pumped Signaling Modes

In many instances, the length of processorbus 117, electrical limitations (including the

latency for signal propagation across the bus) may preclude increasing the pr
increasing processor bus clock

ocessor bus

25 frequency. Therefore, according 10 an embodiment, rather

i the
frequency, the multi-pumped signaling protocol increases the data transfer rate (over

cornmon clock signaling mode) by operating the appropriate bus signal group (€.2., 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

e frequency of the bus clock (BCLK). In other words, in quad puniped
none bus

four times {4X) th -
signaling mode, four elements of information are driven onto the processor bus 1171




signaling node, four elenents of information are driven onto the processor
bus 117 in one bus 8 clock cycle (whicb is the tine it would take to drive
one element of information in the conmmon clock or | X signaling node)~ |
illustrating operation of an exanple quad punped signaling Fig. 5is a
timng diagram 1l node according to an enbodi nent. 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 Fig. 5. The worst case flight tinme (or signal propagation
tinme) across the processor bus 117 is such that a SFCﬁnd i nf O‘LQHHm%g
el ement nmay beiddk inerwbiot iothe hee Proeid gkoto diysont gemedpLR IR Far CI'e. the
agent driving in orﬁﬁt.i ggnorggﬂg)the processor bus) before the first n
formati on el “¥feft ‘hagpeen 1 4atched at the receiver érec i v in glgn%nts).
0 According to an eRih6ckanipmrediagtae MYV oPHRLMWOL ) FHE™ légﬁﬁf“@gencf%norﬁdri ves
a new infonnation el n i S 2] ad etl Bgn A YemoBOLanda dscA5 %
poi nts of the BE a%ﬁof)dg‘?g 0%%%2&%9&%@%3%%% fggo sends, a_conpani on
tining signal fsnownypasfdendiatiee weddmwed sigiins prpigeel s Seaditﬁﬁ?"éré‘ es \A?hehr; the
receiver shoul d sanpl : diat\les AR pSitibHbe: tBikdtnakloflscypleefeer abl y
sent or dri venmf%%ﬁ%@%teglé?é?%k;fﬁ%%ﬁ%lif)nf o)r@mat' on is. sent  Usi g thRecsor
mul ti - punped sdhgwaini Fig 5. Aoeeorstiese ALEEUDHET HERLPARE IR FODe “sifgnal S ar e
generated by the SANR i SlecOd ORGSR clbhient neabadrammoss fropasewpitus ke t he
same path. As a‘result, the strobe signal and thﬁ. dat a s Lok IheshiQul d
have the sanme pabhduayed Gheherebddpps SXPRALY 't K8 PSame delay. Therefore,
an ?ﬁvant age ﬁ%},h%\/&,fllemémthla@bedﬁ i2\BEd AfheSadivedrsamd aggntsbt h a strobe and
the

data'Is that ata signals and the strobe sj |, W) den @l dridviQed Nngdhase
(or synchronous) at Aewedirea§eh g PHE %ﬁéﬂ”'ﬁ%rdr%ﬁg;fg tt)lhie]s1 téchn'ieque of a

driver sendi ng; RatBuddEenttad @ taneking ddperiandyths 560 singrale ROUKF Hehgrglered to
as a source synchronous transfer. In the quad punped signaling node, there
shoul d be 25 fRFL¥)MWHestrobes (e.g., four timng strobe ed es) eacltt\i‘t

i dentifying an i nf orp@deteder smwpﬁdsngompani@aipﬁmﬁs@%@ﬂ‘t”) asiar‘lja'éggﬁ SR> ¢Pock

cycle, one for each of the four tSre tHelakt@ i BRdbe kignal isprsbbidys may
ari sd5in gener fFHE® g{‘@’t l?’?)%"%c“éelr Sgh(r%gﬁtd%nt%g&%%' ve i

" relatively high frequencie: hi gh
clock speeds, sidi@r aiifchgscamse) ol wheh mferEaponsip ﬁ?j‘¥éﬂ‘§£th“ré{l“§ %Fr‘f”cl"’%%j ﬁ%“?ia%l ing
edge rate can l;r)neodcsi gni ficant.

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

s and the strobe signal will arrive in-phase (or synchronous) at each agent on thebus 117.
| can be referred

signal .
Thus, this technique of a driver sending both the data and a timin g strobe signa

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 identifying 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 a strobe s1 gnal at relatively high frequencies. Athigh clock

he difference between the rising edge rate and the Talling edge rate can be si gnificant.
g a 50% duty

speeds, 1 . ,
In addition, it may be difficult to provide a clock signa) or strobe signal havin

30 cvcle. As aresult, at some high clock frequencies, both the rising edge and falling edge of the

strobe signal should not be used 1o identify sampling points as this may create asymunetry or

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

O



In addition, it may be difficult to provide a clock signal or stTobe signal
having a 50% duty 30 cycle. As a result, at sone high clock frequencies,
both the rising edge and falling edge of the strobe signal should not be
used to identify sanpling points as this may Create asymmetry or introduce
a degree of timng uncertainty. Rat heT it may be advantageous to use only
one of 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
guad- punped data) to obtain nmore symmetric or uniform strobe timng or
sampling intervals. If only one of the edges of the strobe is used, then
this woul d typicall ui cl oc faghedd brﬂhpiuebef t he
bus clock fref§éHt gesloﬁ%f O%Sg‘se i C!% ée sq.%qyggggy%@gm% our g(;ﬂgta el ement s
per bus cl ocks@yﬁdfeasamblh%ostzrpobmgﬁe@nai puhmedq@ﬂéﬁég/obémwlpﬁSH@“F‘E’GP“FH‘ﬁ’é’é (4X)
the bus clock frequency if onlé/ qne edge is used for timng.

Unf or t unat el yStr?bF‘W%F?S'&pélé’gdﬂt "etdck frequency is 1 00 MHz (for exarrgl e),
this would requi rﬁoﬂ]y&hé@hﬁeaiggsmﬂthefsrrﬁqumrsc@&ﬂtehéhlSWSU@O‘B‘CM%fz'eﬂ‘f‘Watc

exanpl e). However, a strob C EET TN fdupe bus
cl ocR frequenéryqtf?&@%ﬁ&d‘dﬂl'é‘?eg{;tﬁ%vgc k#ﬁg%%Pf%rtﬁ@%ergfﬁug%?r gnsarﬁt ed data
or i nformati 0Rg,WRinekhs g bhskicicgat), hherdk mgmirémtuueow shpreld ga foxr Umer @£+ ¥be at
the receiver. Such a m sal |g ment etvve ({11.0 ransmtted strobe signal and
the transnitt &8s CerkiiearrRagy BTN ENE FES SEE Vhl 1t capture bad or incorrect
data. In addition, m@mﬁétewlfﬁapﬁ@tesmcba»rfreqb@csnsgﬁDbeZe(fﬁfF’gﬂ“m]ﬁH@F‘”8‘8 such
hi gh frequencies (e.g Qe s@sR @ighdrent ,
nul tiple dataT%‘i“l“&bé‘mé’Fﬁﬁ&l?ge%%cyﬁ%aéﬁqﬁéﬁm lg\’gl}l%%&t Fr[;fe‘t Pgour strobe ggr bus
clogly cycl e wigtedputy w.Sﬂ:ﬂguamﬁisrmmsfchdqﬁl@uwytrrhatemrosm‘Fb‘iFﬂan P/HEE di Eiﬁ "t he
bus cl ock frequency. Ateldhahgd siognal s
(DSTBp# and %@I‘Bﬁ‘ ’“‘f tap‘?’ O%ggﬁﬂgﬁ%’m@éggbﬁ]‘é@nﬁg&ue of the hus

cl ock. Thus, |tﬁe§cl€@vebu&1cﬁb(ﬁﬁ$ahgiﬁm@mbﬁﬂcpy\ thestrah @0l tRAHTObE Figng! \m}/ BaEAEFFEpe
signal s wi Il each have frequ Y =S 84 &, dipal Andtion can
generated by tHREHYIHEF ‘('refmgt? ﬁtﬁ%%%%q ttage}?\rllﬁgttl vely, gll?our data strobe
si gnal s coul d H&&gﬂﬁ”fedm(yaghbraasumtb@hg’mﬂﬁﬁ%@tﬁeﬁ%%)t he bus cl ock when

activated) each pr . | hgrrdEe Rk bgﬁals:hmokcdctpcl e.
Ref érYing again to ’ﬂﬁ 0(“" &83?95 Qp‘ém%dﬂlé}ﬁ D e

agram of Fig. , the dtrlver Ehep %wm rives
a new infor n&irbﬁaetbq.ffodrestrabe@Ipen’r:ewoﬁrﬂ'%‘ﬁ‘é’ﬂ?qué‘i‘sﬂfggae*“tﬁ’QB"' THEY e 259 B0% and

75% poi nts of ahant evedEndhebad galsgDETRIF as
2 gz o d&%jmfgusc %éfr%ﬁﬁés Qxedr@ng{o aT B oddheht,

data elenents in
enbodi nent  al sewRSISnE e riertidedge oIS RrfEauICY ﬂdpﬁws%%%ﬁp#TpA B rBoH.
According to ap, %”Pc E&%Hztth@mtomta%%@e SgraRha) shgtabsa recgendid dHout

g.r | ggésgnef {)]9 mw]%l ag:pya@ﬂg@r gq:rgf?é_c;dg)yathcsérgcr (or (?rwng)gragﬁnts ngler’ﬁiz{t{v@i? gf%gie&tla)stoggﬂ S

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 dnver 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 a staggered or offset arrangement). This allows one of the strobe signals
to identify sampling poinis for the o0dd data clements (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



to identify sanpling points for the odd data elenents (e.g., D, D3, D5,
..) and the other 30 strobe signal to be used for the even data el enents
(e.g., D2, D4, DG ... Although 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 transfer. As noted
above, it can be especially advantageous to provide nultiple strobe signals
so that only one of the two edges of the strobe signals can be used to
identify sanpling points (or strobes) while |lowering the frequency of the
strobe signals. For exanple, if a 6X punped protocol were used (instead of
quad punped), three strobe signals could be used, where I_I1 5 (;bgrsﬁakstrobe
signal s coul dphgfgi mideadlayoefif sebe opecdiaggeresosie FOVARTYSPF 8 Coul d be
used for data el empnts and { [:RDEsi gnals @fn W@t t@ldeiENaspD2e @ds D5 and
strobe 3 for data BPHER semﬂfdggaft&, et%fgﬂaﬁs\cc&or ding to qn.f%rggpqlimgg?t,
only one of t ke semsedteswoafing hefrstrohe! B vkt 98alse " TSEIP'F 6 Ydent | Tyi ng
or synchronizing data sanmpli L8 Sumobd), ik Srddakibhatstoan venbaidivhent!l  only
the 10 falli ﬁgoq%cag‘é%ma%cgﬁ?é‘@%m‘g%at%’“é’td?obe Si gna|€ are gsgﬁd o.ddentify
POi Ntss fOr Sanpké fgbt Semals ndudd presimitly oFfsed ar sipBLerHS P44 SE0F O 58S %or al ling
edges of the data, str ifgnal sl 2 &k B £ QOLSKEH and DS gAchotaf3 fortetafeispents

i nformation o%aaﬁlcéne%%ﬁ%nﬁt%l 'Ighus, the four falling edges (or strobes) of
the data strolms sid@sadts will occur on the 12.5% 37.5% 62.5% and 87. 5%
points of the bus ,a&'mgﬁilﬁ%(ﬁ%&odﬁ@h,@nl{%%f&ﬁmemgtmt}temotstsigoﬁéa’SPFQﬁal s
provi de equally spaced strobes or, 15 fallin es... WhhdnDofth @e 5, @
DRDY# is dri vé]oridn‘tti&fimgtvésbb‘&@o'ﬂvg%ﬂa?ﬁ@"‘@é’ﬁ’i“%h‘%g%s%a “Bus ca ock ?:_yi(J:I e 1 (as
S hOW-gg by the g 8ade0br DBV kot DREWsigrati cabes t Natify abit HratePHEs Mheen

pl aced on the processor bus 117 and .be &l Qo SR Bfle ceFfagdf i 1 st
dat a el ement (ipformatiop &7 43fa; J@ﬁdw%g?%?%%l\}%mgﬁ%tgg%fghg I 0Cessqr bui 117 at
the rising edgg .o dous feur abomael @ dita flasenr0 Bhows By T2k HErder TaETLHgI e
for DE(@river)). A first dat. r Sh 39:2k7 {ShBR#HIndi g7 sthgyints althé mat ed by
the driver at %‘ﬁéa"i?f(%ﬁ/glﬁ'balsn‘?"ﬁc‘f?éutrﬁg i rbst "bus clock, cycle, as, %@\é\p by the
first square iBaOBTBEY @I Thevire, Tih e, stohes ERISIBR €S XIPIRG “edge) f or

t he Biérst dat a lg)egﬁ nt (D1) is centered in the first data elenent. Once a
strobe signal n activated or turned on, it | cally. coRt L OU&S
activated until theAdarpanhésg-ée?e‘?ima‘f’?\'iéﬂ"eﬁﬁf’%“i“ﬁ@slﬁhé&%‘%gﬁ_{?%, a second
data el ement iéc‘i‘JL&G%omﬁ tiyNBe Gk @ BRDY#e EVEHoilindtesahativaled $RISNE 6K
cycle 1, as sho y the sécond rectangle for | QL hrst dhRRIHRAEDEY dat a
strobe signal plDITBHEProCESSHOPS V4EH ’g?bﬁsﬁrggléd]o.[r)gé%%%d{ nt- of bus ol ock cycle
| and provi des ;& fal by (Adard@gentd BE 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#) s then
point of the first bus clock cycle, as shown by the first

activated by the driver at the 12.5%
square in DSTBp# (@driver). Thus, be strobe (or falling edge) for the first data element o)

is centered in the first data element. Once 2 strobe signal has been activated or turned on, it

jvated until the data has been driven onto the bus.
5% point of the bus clock

typically continues act
25 Also, a second data element is driven by the driver atthe 2
cycle 1, as shown by the second rectangle for D#(@driver). The second data strobe signal

(DSTBn#) is activated at the 17.5% 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 2nd D4, respectively) are driven at

30 the 50% point and the 75% point of bus clock cycle 1. Corresponding data strobes (falling

edges of the data strobe s) gnals) are driven or provided by the driver at the 62.5% point (by the

DSTBp# strobe signal) and the 87.5% point (by the DSTBn# strobe signal). Because the data
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strobe) that is centered in the second data el enment (D2). Likew se, the
third and fourth data elenents (D3 and D4, respectively) are driven at 30
t he 50% point and the 75% poi nt of bus clock cycle 1. Correspondi ng 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
87.5% point (by the DSTBn# strobe signal). Because the data Il strobe
signals are provided at a frequency that is two tinmes (2X) the frequency of
the bus clock, each data strobe signal will provide a strobe or falling
edge every % bus clock cycle. Thus, the DSTBp# strobe signal provides
falling edges or strobes at the 12.5% and 62.5 %go}jn s of LLAg. nRYRE! ock
cycle, while sbe: DETBp# petvidshet adicgyrary Pt v eBes(4r ! ?1{[@308819%5 or st r&ﬁes at
the 37.5% 5 an 7.5% poi nt.s olCh 1R KedgY Edery . Tittnck tclec b e seen
that the two %&t%msslglo%%l als‘?lgﬁgjlvgdg(gf)@#%p# an%e %STI%E? %0 ar e.staggeredqor out
of phase wi t DEEmF sobbeignaTEnevsdeafdllngsdgea Py SPheIeT 7G| ’r{’SBcg Sl d%al S toé
provide a falli edge St VnaliMavil&lal Dhe dghusstoboakthe §EH

(bet ween bot W“ag]g&k%’?‘l;b‘éh?{ﬂhe&%%s el Sl :

e si . This provides four_ strobes ding
edges per bussnalgsosh podycdfendtos clodeneles yi ng REhPIFRGE BFP ﬁjﬁ{)tﬁﬁtr\‘fon%hﬁ%?ﬂﬁt s for

the four data el er Qe ki D Y G But oNVPhdse wilk edcdagtiengThihellows
frequency of Wﬁ@??é%@?nd r?&@er, tai&rﬁfl n [

: i 9 and circuitr Jo%abl%icggg“;ciced
because t he samaedgﬂmbémgrmhitcaar@%@ﬁ?ﬁﬁlé“&q‘?ée@éﬁ"PP‘ﬂé"%%“@;l‘ci S“USed as the
strobe in ea@ﬁh dat El(ﬁgtro e L. TAS BRNAENGuts@obet ceflibgicdenbsr theoclesksur e

e

correct opera Bygen dﬁtaa ency of "‘the |nf,orrimti op) té nageg t;‘ﬁeqrgug AT
driving agent cycte fanidentigies vamplios oUFARHEE PR 147 138} “AS4UET 10" 0ne” 15 bus

clock mnus the input .lalch,set ﬁgﬁu@gmf e 30N srovd. | Modsooird timomteAtdiortis t he

dat 491 i nes fof*Ihe ™ Sibsaquént data phase if the.recejve be, bus
owner during tihglifiekbecphiathe sarrg ‘61335‘"&1’556"%?1’5)?/\%6 ?allulén egﬁ%ﬁg{?sgggsgp? ?%Jg data at

t he receiver. eﬁcgtdg{asggbeésgging[nal s (data and data strobes) are driven by the

driver, these signals propagate down the process ol Thed ency @RGHe t he
target or receiver Acqujding jtp gp "rﬂ%ﬁ"&‘"&i“%r’r‘éﬁgs"f% C?rée%gio\gggm;anf t he rnggei ver, as
shown by the %go,%((j@@&,@}cyﬁ&). {15 ldgriag agethearyiresiveriapeld bt lesrahep o[ g3p! 1P S7¢
sanpl ed or captured on the first strobe,..wh Y h€o f dnftsddafadinkd foghedge
of DSTBp#( @ ede shegkyminusiihe PRyt Cﬁ“ts?t}‘%%"dfi‘ Jh%s\%f‘g i §°B§Tj36’#(' @ ecei ver)

i dentifies thesthRREBphRRINbe feotive aepinknge brs @St SHr PR erRE PPPEst  dat a

el enent, and the Second triangle for t B (@ E6L1 NRér thd stk (dataesd a
poi nt or strobe forF’g-ééﬁﬁf‘}foﬁ’d%leﬁ%ptf’rﬁ?grogﬁagfﬁg'eI enent at the recei

Li kewi se, the 41WQubbdspnedrasn byohe finer, seeoimald atcae 2t PP S5 €F YR us{%é%n#

(@eceiver)) identify the points for hechesaiuelved 6 thaspier os shoapbuthe  t he
t reet Qr reCelver. £ <
second and f oufaeh FAHTE &1 EReNt s zligg D4 Jed or captured on the first strabe,

20 D#(@receiver) signal. The first data element (D1) is samp
which is the first falling edge of DSTBp#(@receiver). The first triangle for the

DSTBp#(@receiver) identifies the strobe or point for sampling or capturing the first data

elernent, and the second triangle for the DSTBp#(@receiver) identifies a point or strobe for

' j ikewi triangles for the second data
sampling the third data element at the receiver. Likewise, the two g

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)

0
into the receiver after the rising edge at the beginning of clock 2, and no sooner than lh; 12.5%

point of clock cycle 2 (the next clock cycle). (As used herein, the terms “capturing”, 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 rismg edge of

bus clock cycle 3. Thus, while the data element D1 is received and captured near the
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As shown in Fig. 5, the first data elenment D1 may be sanpled or captured
(strobed) into the receiver after the rising edge at the begi nning of
clock 2, and no sooner than the 12.5% point of clock cycle 2 (the next
clock cycle). (As used herein, the terns "capturing”, and 30 "sanpling” and
"l atching"” are | oosely used to nmean approxi mately the sane thing).

However, the data for all data elenents is not latched into the receiver
until the rising edge of bus clock cycle 3. Thus, while the data el enent
D1 is received and captured near the 12 begi nning of bus clock cycle 2, all
the data is not nmade available to the receiver until the beginning of bus

clock cycle 3. The receiv ent .pre VA | EQef LftSthel N,
first out) bOFE®HE HaRus| Cg’nlg@f ?e’ J‘Qﬁ%ﬁ*ﬂ C{aga %B%‘rnéédg%lvﬁg%é@g}%er | enent ; 'Fhe

ei ght data el egg mm{éﬁ@ua&klcwge Themuglhgtag;msnrdmeb}tyh@iUﬁ@ﬁLﬁF[E@éﬁ’éh‘f‘sﬁrétf one
data transfer and the next four n ol g@@@[ﬁfpgro Tohdes

al | ows four neWdasde het e MERTE 1% Gk "E“egi*? ?/%E] wﬁ“gggﬁtﬂ% While th alﬂge

{)r e;nh ous foureng@%_ﬁo abre RIS Flamaatbd ongdqmtpq@e@r@ldﬂbeagﬁﬁ@a egggmﬁ fli?iﬁi:trﬁé‘ FI FO
o the receiver e ne ec 1 anANE AL B Ohe blRGoGONMON

cl ock signali ﬁ@“ﬁfﬁdghwab‘?\wﬁfﬁ‘é”‘éi‘vfd%%te 0 tsxoch‘? el atency for thec?l ot

signal group |michedlinatsde bdie ropoeior &tched ove‘m@c FIFR ta diefi "erovs” DAY di ng

to an enbodi nent [ti.ple,l re I Yo BtHo trhdde OvithGh® cG2pbes of
each of the t\ﬁéfeﬁd%"éflﬁgﬁsotgcé YA s°f(%%$' &aﬂg&g[ Bn;é Accor di ﬁg to an

enbodi ment, th@afg e Dithe IB&TB@#l sncgn’akbedanﬂdeftb?ﬂ“m’rﬁﬁjﬁwﬁgnal s, as
expressed in the follow ng tabl ahit sndrhogiaent g{tolhhgn&rrwbe

. Coverage Data Si gne{‘Pé"d%[ : 3’ %ﬁf’} F?S D[47 321# D 63: usg]# Strob%#
DSTBO¥, DSTBnQ&HeE)STBth#b;f tuasmma# pereper!s BETREH AEEFBRERD0 The

four DSTBp# si Qﬁ Fe ar 8. eQ0 £A] bYTRAEHAIE 8hd foRSDBTEpH &i@al&,cm’rexﬁsa'saqb#u the

signals, but e

following table.
Example Embodiment of Data Strobe Coverage
Data Signals Strobes
15 D{15:0)% DSTBpO#, DSTBnO#
DI[31:16]# DSTBpl#, DSTBni#
D[47:327# DSTBp2#, DSTBn2#
DI[63:48)# 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 bus agent 802 is connected to a second bus agent 832,
The first bus agent 802 includes a data strobe generator i/receiver 1 for generating and
receiving a first data strobe signal (e.g., DSTBp#) over a first bidirectional data strobe signal
line 820, and 2 data strobe generator 2freceiver 2 for generating and receiving a second data
strobe signal (e.g., DSTBn#) overa cecond 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 996. The second bus agent 832 similarly includes
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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

m sal i gnment between the data and the data strobe signals. Fig. 8 is a

bl ock di agram of an apparatus for transferring informati on 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 | /receiver | for generating and receiving a first data strobe
signal (e.g., DSTBp#) over a first bidirectional data strobe signal [|ine
820, and a data strobe generator 2/receiver 2 for generating and receiving
a second dat a, gt k@R Shea@! | @ a@atz sIFERBRHF=1aefior gense Gogiokoiadistrelztsigpakl
data strobe signal |ine 822. Bus en 0 802 al.so, i ncl udes

transcei ver 8OBOMFRBHIARY LMY IS ta“afgfycﬁfis?“f%erly‘t‘?ﬁor@“‘rﬁ’ o Wgtcoblglasrcil?/clkng
data signals Qoepudrlt@0 AL RDUS cimtadraysdrgBatlcldck meisis 8ottt aad 8¥cei ve
circuit for receiving data signals received over tll]etdgéq ﬁi gnal l i nes
826. The second bus ageftMatpingithe Fogep of thsAddress BysTa MeRal BEY ope gener at or
1 ang a data strobes@eReizab &f crboliBieng @lReEEHkINGsitoms tath ancsdasaibe 64 bgrrdiie
onto the data strobe signal Iines 820 and ‘Bﬁé’b r?erfrgﬁgti vel y, A corr C]#gn (or
system) bus clebk lingéitermpgne BRYUHPERACHES f He P¥6 B A PERBLR" U ek to
bus agents 80%;,affe3RAocoPand WREE Bi\Gdthhie with 8 ehtlinet headd dine®s 6Buge:T canttize
Data Bus 5 According to an enbodi ment, the cache |ine size has been

i ncreased to GangyiesortrpderTed AR e Y8 ARSI n sone Penti um processors is

- 32 bytes.). ThUSyebsingclelex @%ngmf@b)&sgwumg protocol and a data bus
width of with 64 data I'ines, a cache i

ine (or 64 bytes) can_ b tr itted
or tifansferred in tHEVBEsDEPBLIENHYE PREESSE TAVEY (’Eéiffgn%?’cal%%rscjs R 5.3&?&5'
punps/ cycl e) (8hstas cIRa cybldIPDhe tikEk Yo WRVIESyclet for d@mEuEle phasufor poweBetioms, a
request (including an address) is transferred in three bus clock cycles.
The three bus REPEERTsCYAdES tedPNPiRE  equest phase for some Pentium
processors incl udedycha -f0d-hbpwé Nodd@yab@vided oetibe phisse bes)-andiel thpe girequest
(provi ded over the address bus), and a type of request (e.g., read,
wite). 15 Cycdr& 24 &ip: phase b - auxiliary details for the request,
i nclygdi ng byt e enaltrs,? -lseghabe b - aetiliary Petailsi foraik reguest, indledingletessables kaghor
address bus). Cycle 3 .- a de cycle or r.naround cycle which all ows
si gnal s on the"‘“f)(ci’é"‘"t‘%dﬁ‘d‘?rélfe a%g’c??ﬁnmtesoora Thloe%bg other agent to drive the bus.
Thus, according to @riehbodiatrende orauoaotre dyklaevhishnllpes $gnplsindhe Bef B OBE! t he
dat a bus

down to allow another agent to drive the bus.

Thus, according to an embodiment, 2 cache line can bé 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 to an

25 embodiment, it may be preferable for the data bus bandwidth to throttle or limit 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 to at Jeast 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 to an embodiment, the iming and speed of the request phase
provided over the address bus was adjusted to match the overall speed of the data bus. Itis

desirable to maintain the dead cycie or turnaround cycle. Thus, according to an example
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20 in two bus clock cycles. However, in sonme Penti
‘ ycl es. ver, ent i um process
?ddre?s and request timng requires three bus clock Eycles ?g$1 the
trans erring a request. Thus, in sone Pentium processors, the address bus
dl mng or bandw dth does not match the speed of the inproved quad punped
ata bus as described in the above enbodi nent (see pig. 5). One of the nore
Ecagcg and valuable resources is the data bus width and data bus
tﬁn gndth. Thus, according to an 25 enbodiment, it may be preferable for
e data bus bandwidth to throttle or linmt the processor bus, not th
gg\%esz b;JrS] b?tnflyvl dth. Therefore, to prevent the address bus from sl ovvieng
r ro ing the processor bus, it is desirable to adj
gdd&ess and request timng on the address bus to at | astang?ia ;Ee
O?no\r/]u dt h ﬁr speedineht, theddes Bubeas dorbik Ruriped ©RERYHFICEY© Fgﬂifmi“i?é‘f mregrslé%b_ssi on
embod ment |t e e e e by ovi ded o
, . e request ase i
gggirrezgl bus was adj ust ecB. bo Examplt qfﬁel)wgrqun}peg§Eﬁ§aﬁl}ﬁ1“’lg‘5{gvhg?g g\ljgr TPei s
o an exampl e 14 embolaant et R o e b 6 pummer.t o provi o
_ _ , Ss hus wa [
t Wo Lﬂfornatlomca#sn@n@§M$§m5ﬂ@gﬁ&§é“HmaHHQ§EQ?%ﬁﬁééghgnggﬁgﬂ?égagggyI?ﬁ
eneral,  aosor e, O e o S i po pRde 1.
, . _ . a double ' [
O]Perﬁt es 5 thecagmeopr enbedingat SV Bileny ﬁé"%‘r%ﬁ?ﬁ’%g@g&% Sulc Q’E%Q%%%gﬁsésquenc
gpeﬁa?igﬁsoglgﬁﬁg&gﬁ%ﬁgﬁaﬁh%?mmém%bs a timng diagramillustrating Y
_ ~doubl e pu Si [ : '
erbodi ment . VAT | o aRgSrgiEE e e L A
Ig\lljvbg? {)Egpggg:lpn%’%hb@& t eli sxBating rRek @wo bingetoof Fifgrmaton arhdivapsao 8¥ Bfd?  goes
( ing O e requ | GoBITR
si gnal i ng mde}heﬁ%%@F’é%ﬁf%‘grB’ oﬁ%%]g‘?eﬁg%?’gﬁmégneuln%}(}l%rﬁ%gﬁ?g%f) he, ﬁtﬂ]ﬁng
tS Ihgn;: imrslgt Prg'([jelo%q Bud kl@&cddyﬂ_eﬂ Diuvy ® foghe tiet e gzl prepagefionjiee 6B HEBICESEY, (}PRSU]SI 7)', n
_ 1.e., durin on ; i i
si gnal propagaﬁ?&ﬁ“?ﬁﬁ@“%ﬁ“@ﬁgrﬁ?ﬁ%ggggkg%ﬁg&%%%$?wmfﬁgmhﬁw%ﬁgggfmﬁgﬁﬁ ‘o
gll' i nf ;)I' mat |1(2)n eRheaEntatoved/at b rdesivee(®). gtccerRivg A FEROEERy gxct%ﬂxéerfsi:r}dgta al.,group
ene i's t LV i Sifirad)
elemant is 12t ched.ab, bOG GO6LYShE Bpe AACOSEH Pantpiamuanbbdictent ,  he

. Intormati on i Si
point of the bus cl dskhaoydh Bie. %ugmw%rg?ﬁ}ep?oqagtt ) BB 2899 Bh o1 SO%

request (Aa) prip%%pér,ngc £ el BSAsdck et arElgpRBg ai the SBing edge o Ihe bEgipHe Hal f

of bus clock cyc eginning at the falli d C
clock cycle 1. Sabloghwse b Sa?-pleqﬁﬁb,og@aéegycst&%ggrgrg@{;l?é?é%ﬁggﬁg/'dgu%l?ﬁr g]ffy bus

details for t hecransaction 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 indicates sub-phase b of the request provided over the Address
lines). Thus, the address bus is double pumped because two information elements (Aa and
Ab) are transferred or sent during one bus clock cycle.

25 In addition, because the information for therequest will be sent using a 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 signa) 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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transaction is sent on the second'half of bus clock cycle | beginning at
the 50% poi nt of bus 20 clock cycle 1. These two information el enents are
shown in Fig. 6 as the, two rectangles for Aa and Ab for the A# (@iriver)
lines. (Aa indicates sub-phase a of the request provided over the Address
lines, while Ab indicates sub-phase b of tbC request provided over the
Address lines). Thus, the address bus is doubl e punped because no
information elenments (Aa. and Ab) are transferred or sent during one bus
clock cycle. 25 In addition, because the information for the requestw || be
sent using a double punped signaling node (two idnfon-gat,i on. 'fhe%cﬁ'%? per
bus cl ock cyckm) cychebothfatimetdeerend sisips edest abhs2d9sshtohe S5 8Y &8
synchronous transfer . .Th LAl & on (hOndoN ot oh Bfe@e At thi @iided | cetrahd s,
the driver aPS¥eHPi t\c/’e‘é;mgr%} ac %1%%;‘% addr ess strobe si q%gg@gr otgi de
two address Sk@hebupeTshous in Elgot kedyed ectivafen 24E £35 6508 g2 Febs

si Tobes provide, or | dent if Lt.s . f0l nSaRk bNgiothion Semenma (Al arcemtihon

el ernents. (Agr?éfr?ambfb) usscel%%{(cgﬁe?hvzmggdtr ess bus. A,cco%di ng to ag mbodi nent ,
an address st r@hersdoginaht, (HADGTBAGT P forgbrifsHglonpaiiop glemegifia of P4 E?E%Sﬁéﬂ? as
the bus clock (BCLK).. |- v REQVF B8 ADAgRELiEeh esivanl st thae I hgoiane bus
15 cl ock cycl é],gerﬁ%’te%f)‘fsﬁﬁoﬁa\r%ga%é%%ggéngggr?si ng edges. of ti lf addrgss t robe
s, gnal will beuwyasek @se | Swhbbds addresstrpltdat the seoeiplormy op SR P8 e t wo
information cl ernen rovj.ded as I BsinACEE S19%e AUSTB#ASrS @M eniath&Tge 6,
the driver actﬂiesa&@‘%&%q‘éﬁl e sf(s)‘g(\éet%rag) & signal (ADSTB#) at the 25% point of
bus cl ock cyclminlef tkklotk dysletihe center of infor-mation element | (Aa).
According 5 to an odi AL B3 S rebfaBemiias the benclds Netbub ibde thaat i on
el edht (Aa or sub- vﬁ'ég'ggggﬂ%?a&dt&%se reque_st)Ei sag(r ovi ded as the failing edge
of the ADSTB# tsisgined shiuld notdn used aﬁﬁes@%lwlm%fn"mﬁﬁg%ﬁ BERCHEAE ), while
the address sty ohe fbod 6 500Nk heLIBEaR: alirmppiop(Abtars Sbeophise b

10 . .
of the requesty°9Sprovi as the rising edge of the ADST riven
at the 75% pobustiodtsinalss dersectyacgddasppposehiogiy cf%ﬁ&ﬁgts ﬁ%ﬁfﬁ%?@@éﬂ@? robe

has a frequency LalcdarPorble uSAME) a7hd fiRrduiBrat aid it hed busoddogivsioul d

not be used as e strobe signal for the informatiaqn elene gt he
bus 1%l ock si graiplictorsntnier e g pfemrIlER ﬂ@mé’ﬁﬁgefcé‘l’sf ?}‘ﬁga%grﬁésesgrtog? Q?ﬁg% ¢

appropriate ti {5%%1534\@[“%%%5 and B ctifius (GHee ksffpiegadlkssios thalsiateys phase bt B (as
ro g

opposed to a s e signal that js tiyated onl i AnSREAELS in th
synchr onous t r glag &Y)h.a‘"%@eémﬂ‘zélé@e’g%%éSasf'i’egsﬁlérlcy?sgklelrfge £0"br ovi e strobes

or 15 s2npl i Ng ARk RLShds Me dbRGintMnforfaibmatd mceliewentrs tse catkiBo Phes 24t ess
strobe signal can be activated (turned on) and de-activated (turned off)
regardl ess of etk ¥m&t@Cor phase of the bus clock. By having the strobe
driveg ftom the saffge sRuh&BDnRENehE (A2vind Avbindair, 2dtiges sHebeEnppPrensgate 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, as shown by the two triangles on the
25 ADSTB#(@receiver) signal. Thus, itcan be seen that the receiver deterministically captures
indication from the driver when the data is valid (and

the data or information based on an

should be captured). N
According to an embadiment, the latency of the data transfer from the driving agent

t0 any receiver should be less than or equal to one bus clock cycle minus the input Jatch setup

30 time. 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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. strobe matches the delay in the information, and hence allows nore than one
bittobe on a wire at the sane tinme. 20 The information elenents (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 elenent (Aa) is captured or sanpled on the
falling edge of the ADSTB#( @eoei ver) signal and the second information
elenent is captured O sanpled on the rising edge of the
ADST13#( @ ecei Yer) signal, as shown by the two triangles on the 25 ADSTB~I
(@eceiver) signal. Thus, it can be seen that the receiver
determnistically captures the data or information based on an indication

fromthe driver when the data is va shoul.d g prding
to an enbodi m’ﬁW‘C%qH%bQ“SW@Hb§CW?%‘é°C at ﬂ‘t“??fr?g i ?gfr%%t e%r?v}eﬁécggent

to any recei vefe ghodhth Qeulj@srsgmlﬂaﬂ nﬂrdeequarhwpmnent@neacbus cl ock cycle m-nus

the input latch setup 30 t This ont e dANe B duite /ddr ess
lines (or address b déﬁﬁdoﬂ’f Fl’E]POdI”T"‘Wé h?recelveﬁgcgggonmr subsequent phase

if the recei vegiopTOMrBS NI clohetl renstioed ophalsaeaddrﬂwéounéunr@fﬂﬁeer@ﬁueﬁ@hﬁg twce

t he bandw dth of common cl ogk si in t 11,0k ccrddiahd
lateney for tHast} ?‘?telﬁeaﬁjfomg gﬁﬁasﬁegﬂd Pt th%\gnebd()ffoﬁgl%L;S?E)ebecorrpongnt or

receiver. ACCOgR@ ik heBFGE mibmdalmmg at tlhh@rnle emeklpwrnt fieh aabehaserand 2 8benent

FIFO buffer for sto f our Lndlifane i df gekiyer the
addr ess bus duP}iaﬁegb?fi?é’r%é uéeqPES?{?ase a; I"owe el ement s from

sub- phase a and subTphdsre, dncmﬂln@mnreedmb@tm,ta(ﬁm@ addiess sTaes e R At e in

the FEFO while allow n 5 6L 5! for kiR anBiRiphanmeasand a
sub- . phase b ofa”é? encgusEhrceblagé@?pF’oﬁrge read out of the FEFO an gjlatched

at the recei VEMnsfcﬁhémedrdheaddw&@?sdl Aythes Tersu@Rtsd G feneddress &T9RG1 & S80F ess

strobe signal iss, 4580, ah. LACSATBAHLANNGHerafioh henblusproblonk Macpieavine t he
strobes for thé& tWwo i hformation el enents ‘[_)erred over omr%marn% §s

bus. At these fasyerque'mefl e stehie depeyHe dpEdet T?P??)B’B l(i:ﬂlggcaggrpgy requency as
the bus clock $j.0Ral dre t3h@Ratd f bENGIAN BBl Sleie] a nge oliiremstrddsra dvermeany

asymretry in the strobe duty cle se. a N cARkY two
informati on elfeaHsATYS2s AePys Fﬁ’ﬁ%fﬁW}P%& %bﬂ%%g’% cI*GE 39%39@ %Egd%g%?é&ggags% :c ngl e

addr ess strobeuggdfghﬁcﬁﬁf@ssnfobeayﬁncy as the bus cl ock in which both

falling and rising ed es. a sir e bSQdwiiRbnil B of
address strobe signalt ’Rfltfvé:{yng?f (or%wﬁmd?rlgg”tr%&&?\?\g;e re\;st s?%o ¥
HJ(

signal s can be ipsges oficich 20dkys sovte sighal bbheuaﬂdgeﬁsswc a0Ppdee @ st &t Bsﬁe
signal being usec 25,4 3 Sa 2B Biavib L 8% B PR S 18259 p&iht AEEIAS8d 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 to another embodiment. A first bus agent 2072 is connected to 2 second bus agent
25 832. The first bus agent 802 includes an address sirobe generator 940 for gencrating an
address strobe signal (e.g., ADSTB#) onto a bidirectionz) address strobe signal line 920. Bus
agent 802 also includes a bus transcejver 906 including a transmit circuit for transmitting 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 lines 926, The second bus agent
30 832 similarly includes an address strobe generator 942 for generating an address strobe signal

onto the bidirectional address strobe signal line 920. The second bus agent 832 also includes
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strobe signal activated (having a falling edge) at the 25% point of cycle |
and a second address strobe signal activated (having a falling edge) at
the 75% point of cycle |I could be used- Thus, 20 the activation points of
the two address strobe signals would be of fset or staggered. Because only
two el enments are driven during one bus clock cycle, the frequency of the
address strobe signals could be chosen to be the sane as the bus cl ock
frequency, or another frequency. Fig. 9 is a block diagram of an apparatus
for transf;nTing infori-nation between agents according to another

enbodi nent. 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 ana&Qd{aﬁ@&vé@B@helu&hgmtev(ﬁelrgman?‘\E)STB#‘)‘ cipi JOTBIE P Ohal

address strobe signal 8Q2..al150s ¢-acl udes a bus
transcei ver 998 rF?‘i’b"l“@cﬂgﬁa éesfemvg?ﬁ Fergl%?ag{jjrlet ?%r transmtting or driving

address and ot her g gﬁaﬂ&d@hs‘:tvo 4 e wdelrred sndepsholinegde Pesyssit§Ad M™PiHes 926

and a receive c¢ircuit C a ehed Q&S cah Beragdiess
signal lines 9‘2@‘°y“‘lJﬁseus’§'§§15ﬁ%f’% Ells“}{%ﬂ aﬁ!ng%h%f{%ﬁm | ar Iree Inol udes artlt addr ess

strobe gener atato 9d21doREycpsnengthe wbiamummfd pigaaing mogh d het §eiaIthe AEY PPhe
bi directional ﬁ}g ?%SR‘% LOhg. 8 %@;l]ﬁt pQZQh;cﬁﬂ%vﬁmﬁnwspr@g@m nB32 al so

| ncl udes 17 a® el ver ding a receive circuit 8nd

transmt circuinfes§ @hertvisanstad, trbdshig ngl ﬁjlrfél“@fv’ reRRINESHBRY PHgTAE S usine the
TeSpCCti Ve-1Y, over t 21% q%ngﬁ%lgddgnal | Mes 926. As described above, a
data transfer CYPEHEE czn be transnitted i Eelfjs cl ock cycles
using the quawIpurgesingsihgPas Prgosebde thealsy Beat ﬁﬂtdr"észscw‘é‘\é%é can be

trangmitted 5 1n Lug.DissGbARnayskas Wsinaaidmrdeublecpunpbe et ng
a

Thus, both t dress bus and the data hus have ueggg% o@ﬁé
t hr oughput , V\mrotllghphmqt ef e lthpysaed HER HR B0 % Pugeese ]L'jnfqe ot herw se

noted, nost if c%a&re?s'bhs )3ha smaammm@nagﬂa)hsdﬁremmwmrmm@ﬁiedﬁéﬂ% the

common cl ock (ﬂf nal i ng node. V11. Retu he New
ot Rt e of ari@hdek IOl BRon 959 ST oo & R SPaegs e it

provi des increasasinihg e 8she R nghaibabus aratheol, 2 dsd@ in Edmlremig‘ﬁ Ppwemuereccmmnm ti
punped signaling protocols. This increase in -request bandwidth (on the
addri®ss bus) and data bandwi dth (on the data bus) is done without

i ncreasi ng the dat an betse Pantigh prog&dors, izmemsipon W?thiﬁsﬁ‘?ﬁ“ﬁ’ﬁ“&ﬁﬁﬁﬂswg

Clocking of T Oyt Ailer of o 2P @E\E’?\é@ul&m%a e Dt ehiieeaneybasherty pe of

bus pr ot ocol e Pentium rocesrsng%is f% . sone pent i um
proccssors~ a taaérﬁfﬂﬁmuiwuidombgﬂéqur?gd%ééc%%lgg ©La g PYPIUR erght byt es
of dataper bus cl ek cyel e Jish BbyR4 A Rad fuRfSd sivhiisdmpiemntibisthed2 BResbyt e

cache | ne T
20 per bus clock cycle) can be used 1o 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 andb of the
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 elock 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 Jatency or delay between {he beginning of successive phases to more

closely match the new beaf frequency of two bus clock cycles for the processor bus. Fig. 71s
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to be transmtted in four bus clock cycles. According to an enbodi nent of
the invention;, the cache |ine was increased to 64 bytes, and a quad punped
signaling node (transmtting 32 bytes 20 per bus clock cycle) can be used
to send a 64 byte cache line in tw bus clock cycles. In addition, in sone
Pentium processors, a request is transferred in three bus clock cycles,

i ncl udi ng 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 enbodi nment
of the invention, a double punped signaling node is used on the address
bus to transfer or transmt both sub-phases a and b of the 25 request in a
single bus clock cycle. This reduces the |ength of the Qequg esﬁQﬁj e ,to tw
bus clock cyeHegamibisehtingethe Rsmyn e gt ?F]%’fbeéw EREABAORE"S $(al so

two bus clock r%%&l@rﬁ)equesmndagan&%@u@9h@eﬂ)eqwtlo@has)ereh@est(ach)en@bwr@f t wo
bus cl ock cycfes and a cache |ine transfer %cg‘w res h% . ud'strgnsgqlgncz cl es,
the beat rat erespontrefResrbere AEEPET™ {HVPrGERSEdr (Biee “generary %

consi dered t OnfELEVDe HbSnG) REKEYRleRS) ora@laf\sﬁﬂéeﬁllpﬁzgest Shéfsemibod mteof ¢ he
i nvention, the bus protocol was retuned thH: }%ascsgmm Jhe.d gt ency
or dél ay betmé@ﬁ“’%iﬁ’émlﬁé@?ﬁr?fh‘ﬁcwk%%ﬁg’ﬁ% ﬁ‘é‘@’ggf’dj AT & T gsefy mat ch
the new beat @Jn%@éﬁﬂﬁpr@écsk@wh%&h&h@ﬁknw&k @ﬂud‘h@ﬂ’m patnmtmabeélsmstmsw Fi g.

7|S|sad|agramlllustrat|n t he aten
transaction pﬁ%@ﬁm(‘?twvwﬁi“ﬁ&" PREFESi atgntt" }im(;l?‘fs pF°é?fﬁ ?S adéuﬁgg%yr @eﬁcg%gﬁse

pﬂas es). Ar blh Elroéetl)]t RAftc At Rdw vezefieiRedcy 6fReG)bus slaaogyclandf omwwn@éﬁf('ﬁé@w
phases are shown for two transactions, (transaction i Q) -
Numbers are sHowAdEHESPrdithes 2roCiragedhiaS I8Py & ?tencygétf”ﬁeg]%ageﬁgi%?&me first

nunmgr i ndi Caﬁ)&ﬁmﬁmﬁrb&s%‘rs&hﬂﬁiﬂ&ﬂiﬂﬁﬁh&htcfffthdmugncbrock cycl es between the
begi nni ng of phases as gfegrw?%u}n at3m~;/ Bk r{\EéH-H%] RURCLISBES? is Whichig, t he
ndi ca e

second nunber (whi @ﬁn?tg eses new m ni num | at ency
bet ween phaseswabiselock h;e;lebuRefbnmg adtg. weis radjnustleiehen betpatn i heRperE St 2

closely match the ne beat n L, @G K265 (€8, tridsactiBh ) one
nunber is shoRir2tPRpPREst ﬁm fn%)(){mﬁté% Pdsg‘?gog change |(n§ttﬁe “del ay or

| at ency bet weeemphaseimngs alge&qmve nloglogreles.1 Tor Piiey IRtsHFD Eee &5sEgpEe &

ment of the_inve ; t Vera iR mmmaﬂuémldadr&lamffnb:etomeen
thte%'hases shéﬁﬂﬁmﬂﬁpﬁ&ew‘h%?néﬁgmSﬁ&p%mﬁt w{)a busaccl ock .c

Iy ferring to
Fig. 7, the mitné rlark ¢ya18e m:%mbérf\}\?ée Ahe HENBRg] ‘ﬁﬁ?ﬁ&ﬁmce’éwe%ﬁg’%m?% gfl So‘r-"\‘)pphase

and the begi nﬁghgsq t@{hgge%m&ge@ta r&%ﬁ@p}‘fa%rcﬁlaﬁlﬁ BRBAGED anw ausg,Jockwcamabm on
1) remains u anged

two bus clock c Yo fLom t he
begi nni ng of aﬂ‘&Eﬂ%kﬂﬁé@tbe&YF&g@"tbﬁg‘Pﬁgg B ﬁ?ﬁ”ﬁs-g{hlbafsc <'E§1ndls‘ﬁo‘°'0|oa D atl}(e\g of a
transaction hag Wﬁ@ams BebOdecfeidd frobulsecth oedbusslotkaycieso TbW@@“@S/CI es.
The zn(} nimim | aigtecgcgyfro?nez}sﬁ?or}l of qﬁe 1%%41 srllgngptocg)c &:gm@%@%f the response phase remains

unchanged at two bus clock cycles.

In addition, the minimum latency between the same or corrcspondmg 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
to 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 from three bus clock cycles to two.
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phase to the beginning of a response phase remai ns unchanged at two bus
clock cycles. The mninuml|atency between the beginning of the request
phase and when a target agent can assert the TRDY# signal has been
decreased fromthree to two bus clock cycles. The m ninmum 20 | atency from
assertion of the TRDY# signal to the beginning of the response phase

remai ns unchanged at two bus clock cycles. In addition, the m ninmum

| at ency between the sane or correspondi ng phases of successive transaction
has been nodified to nore closely match the beat frequency of two clock
cycles. Referring to Fig. 7 again, the mninum/| atency between successive
arbitration 25 phases .g,, mnimum |l.atenc L:nnj fohanees
arbitration phase Cht‘i(fﬁﬁgh%?ﬁ%ﬂb%%ﬁﬁagﬁdﬁgongg@g%ﬁﬁ%&agﬁk@?%{%ﬁti on phase
of transacti ogr fpdinasicRasmedre peaseriof hermhtdrioe cihnsbutddde k degredse s 12189 wo
cycles. The m ni num | at ﬁ“glcg b%t ween FFCCEOS&SJITVeﬁ) request phases has been
decreased fr SFPEHRIBSDHLYE TER R AT 88 Pt Wo.” The ni ni mum | at ency bet ween
successi ve snoop plwasas reqiasndpen ddenpeasetle fusgrantdtias biaiswih geRPEYEtes to
two. And, the mninmum]| atency between Q.suc i gsechas
been decr eased@ ¥t ]E“ﬁ}?aééquﬁﬂg’gﬁ%& cc%'?ecsﬁé:g uﬁoc‘)"% tg ﬁ%{%ﬁg&%@%ﬂﬂ%}? g?ﬂgéphas es
will be descrijkeds awfRghavdnkacaortmieed thereghandiicoin ofirs oilyephetdgadiasedy of

nodi fications to the bus pro |. fqr, that : : i hgdedith Qhe
decrease . n Bt BAK P}E?é?’v%e‘%‘iﬂ %ﬁél eag @ wé{rmegpgﬁagagglfeags e;&?{?%ernl zgt egﬁcy
occurred). WieRnacidadesdsansuiiipeant infoeatiano besimsnppengand MereRiAS et Bri& begin

with an arbitration ase, i ' 1Rg ARG PBERARS féhre bus
owner. After PFFé’“‘?é‘d’dg’g{%Rﬁ%'ﬁgasé”rr}t)ngehggmr?g%&ftgésﬁl&g%omer&?’t he transaction
enters the regesd ispasentd the s 7, stcluding byhensblet GuiicappaylichgaigytesPigbe

request phase, an, AD .9Naly {depdi.6a | jeHotR G @R Ptranksti6h inf@Ratnong
with the traf&sh 5%383%1;3)’ adﬁ%wggﬁ’kg’iggﬁ?hicn?or mation 1o lbeﬁgg? Zé‘gopi ng

and menory accd@eSrst b stdoad subabengeiars dBYSIFERRE 98 DES-GHITL E¥ 1% s B eIt TR Yl st

phase, various auxiil il Wt QLRI GhaFG (e LhRudborasiesiroviseddivembaadinto t he
bus 117, incl 3%?"n%m%€%ée t(33nab%(q=3)s (1 ndiacl,at(l ng which data bytes will be
provi ded on t hes)asad toiheves)2x dgt2 Fapeder7@8t | D, transaction | ength and ot her

trangaction infor M i.0ing toRA@mbbdisbnt ey SaGanibn Satbrsphipsbsse afle sdp¢pretlttlur i ng
one bus clock cycle. As a result,

! according t.o e i: uest
i nformation (&rqn the gapon Phgee Wﬁﬁcﬁtﬁw?‘?%ﬁf}&f\ﬁdﬁ'gﬁ dB\‘feé]?faf wg}%g%k %@gercn%%g){aﬁg sai d
to have a 2x datgdfanso) cdmd Bnel Agaos aiengs tohanTeninooh rrevits, 21wyvagigate

transaction has a snoop plhase. 'The snoop re t LA L RSuie Re0R-Rhase
i ndi cat e whet h‘@?c‘ﬂeh%“%%fgg%gﬁlg’lﬁf%ﬂc‘f:‘?)’rn‘oégrPgﬁa a{j(?t%lﬂfg% reflger ences a valid

or nodified (didgdpkliokach@eltcaaieiana ampadsios if gt readydasiner bYFHEICRIABBH %8B ul t s

al so_indicate .
20 phase using a snoop stzil.

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 until the bus agent owns the

processor bus 117. A transaction only needs to have this phase 1f the agent that wants to drive

25 the transaction onto the processor bus 117 doesn’t zlready own the bus 117.  According to an

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 (/O bridge 124 or O agents) and the memory subsystem {memory agents Jocated
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 low signals):
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whet her a transaction will be conpleted in-order or na
_ ( be defer
possible Qut-OfLorder conpletion. An agent can del ay Ya transaegfgnf?¥lit
is not ready to snoop by stretching the snoop 20 phase using a snoo
stall. Each of the phases will be described, and highlighting the P
dlfrerences inpl enented to decrease |atency between phases. (where
gpp icable). 1) Arbitration phase: No transactions can be issued until the
tﬁs agﬁnt owns the processor bus 117. A tTansaction only needs to have

is phase if the agent that wants to drive 25 the transaction onto the
processor bus 117 doesn't already own the bus 117, Accordi ngtoan
enbodi nent, a bus arbitration Protocol is provided that supports two

cl asses of bus agent s: synme I ﬁlP%%%!i—'ZtB?TR Qcﬁ@n\pg b@jall g
_ . _ Ji i ky agents. Processors
on bus 117 typl caIIy arbltrat% as syrnrl-letrici aoer%’rq [he .priori agjent
~ T P4

(e.g., system 1t%r%€gﬁ. 116) usual Iy, aphithsat es on bahal Mfouke 1/0
ory

|

subsyst em ( 1/ QPiY% e "1P4- or VO ager

agent s IocatedSwﬁgﬁHBAggﬁsﬂﬁkapaﬁnor%Rguhsysten1122).BREQ@%%mpIe si gna
Ar—be—tseg—to—arbrtratg Tor DUS omershkﬁpgg shown Dbel dw (As

group whi ch cgr—be—used
X;E?Tgigfé&,StﬁéO#W§mgannE$@&ﬂes a¢dBPB¥ | ow signal s EXAMPLE

IGNALS = i
Agent® Bus Reql@é‘t“k@iegt@ I‘*W%{Egl gnal MNagNpymmetric Agenfps Request Prijority

t . Requestl-Lock—Pi-r—rerpneBR-3-01# BPRI#
LOCK# Si gnal Nhegpni c BREQ 3: O # BNRELAOREKH Trocks BNR#

The processor bus 117 allows a plurality of agents to simultaneously arbitrate for the
bus 117. The symmetric agents arbitrate for the bus 117 based on round robin rotating pnornity
10 scheme. The arbitration scheme guarantees fair access 10 a request phase for all symmetric
agents. Each symmetric agent has a unique Agent ID assigned at reset (e.g., agents 0,1,2, 3)
and arbitration will occur in circular order. After reset, agent 0 has the highest prionity
followed by agents.1, 2, and 3. Each symmetric agent maintains a common Rotating ID that
reflects the symmetric Agent ID of the most recent bus owner. On every arbitration event, the
15 symmetric agent with the highest priority becomes the owner and may enter into the request
phase if there is no other action of higher priority preventing use of the bus. The priority

agent(s) has higher prionity 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 simultaneously
20 determine the next symmetric bus owner. A priority agent asks for the bus by asserting BPRI#,
which temporarily overrides the arbitration scheme becanse no other symmetric agent will
issue another unlocked bus transaction until BPRI# is sampled inactive. The priority agent 15
always the next bus owner. The BNR# signal can be asserted by any bus agent to block further
{ransactions 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 transaclions that must not

be interrupted.

The priority agent can deassert BPRI# and release bus ownership in the same cycle that
it generates its lastrequest. In some Pentium processors, after the BPRI# signal is asserted, the
30 BPRJ# signal must be deasserted for aminimum of two bus clock cycles. This matched the oid
3 bus clock cycle rate (in some Pentium processors), and so provided symmetric agents and

priority agents balanced access to the bus. According to an embodiment, the protocol was
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BPR1# The processor bus 117 allows a plurality of agents to sinmultaneously
arbitrate for the bus 117. The symmetric agents arbitrate for the bus 117
based on round robin rotating priority 10 schene. The arbitration schene
guarantees fair access to a request phase for all symretric agents. Each
symmetric agent has a unique Agent |ID assigned at reset (e.g., agents 0, 1,
2, 3) and arbitration will occur in circular order. After reset, agent O
has the highest priority followed by agents.1, 2, and 3. Each symetric
agent maintains a conmon Rotating ID that reflects the symmetric Agent 1D
of the nost recent bus owner. On every arbitration event, the 15 symmetric
agent with the highest priority becones the owner and nmay enter N, t he
requefst phasechiagfgﬁgI{berg&hie&‘thmm#bi@ﬁalax:l:teictmsemedmlgﬁ?éla THRTYHY Qﬂcp?Uéven i ng
use of the bus: e priority _agent(s)._h L ONEh e Eln@6rstaYwd hiatiotkrecle
symretric omew_cieAftgyﬁﬁﬁs?ei”&d-gﬁgﬁ&“fg&ééﬁ%%t%g@{nhe bus 83 asserting its BREQ#
si gnal . Fﬁsed Qetr%t LlR€one ¥ d&l?ckswimﬂoeTismianRch?ﬁ@? anﬁﬁ;:eﬁé’“i ast symetric bus
owner, all agenht's can sinultaneous ichehel REUAIL XD Syimpetwhes bus
owner. A pr| ori ty agwedag‘kgwg?]%%éangég%eg%%ﬁag}f??}ng PRIﬁf?) whi &;‘h to an
tenpotarily over[j.degestRenat hiffisiat resoures eREP OB ERH S &2 RB T h EF Sy et ri ¢
agent w1 S O D s LN E R Wb ADRAGK Rerbifihad bERRbANIS S88Mp] ed

i nactive. The pmbestheyaJERAt 5P 8fWays’ the next bus owner. The. BN R
signal can be asserted by)ray libtis s;agentagings $1I5E 10 115H4T AP 't Pansact | ons from
bei ng issued to the bus (usual]l > 5 ¥ SdvaRIship SONE besndche e cBuf f er s
25 are filled Wé%%ftglglﬂ{ﬁt(gc %a{zj? E‘gléé#gtg ﬁe?, transagt' OM)are oL 05 REEGEL ON Of
the LOCK# Si gNajie. 1 Btie@aitis prdvedsors Hiee BOTRF sappivie P ‘ﬁ%%?ﬁsl ng an atomn c

sequence of bus t rsa#SE{a/%[B%nﬁ Ss?nlg;{?%tasgxuﬁ RedordifpRo kintrebadiming che BIFR? PPPHIE ty

agentl®an deass¥f't a se bus ownershi p. N\ tLhe §ARBsE ¥igh id hat
it generates i tgwin aat adjstpdas pocuy AYosOTRE CP@?ﬁVY?%ﬁ{ g‘rafgéﬂé%%ors,t after the BPRI#

signal is asserted,  the.q30nRRRiGEShgmato sy s hevbreautetgsrsEtion i et 82T mum
of two bus clocR™BYcles. This matched the ol d 3 bHERsbongntet EomatlssH(in

N 8 h cyelie pefore Vg . A
some Pent i um praessses BNR#afie @dh 780 e “symet ri ¢ age ?sréan | ‘Eorh{t%dty
agent s bal ancedytn%&]%@d&&cpmabugents/hbmrequws@% ‘é‘r?g%lgg"' Rt he pr ot ocol
was 21 changed to require th I?f»PRI# signal to be deasserted only for a
m ni musn of one Wansitier Yhe Sta&lﬁ%t%c'af ter being asserted. This changge ithas
acurrent embodi nent supporj ShatledoAbegent et KEFIE &Rt Trat e one bus. cl ock
cycle for assertion anog one . UG Eml@huflRBESREIdsOte hiksbenn treigtaineth & DRREE?
signal can be uS¥EFtY UEAY Further requests for..eXaAR) G miMiRMedBu@nifagent
does not have sukdfdicicenis indsdurtelsk psiet S5SHPMERT E’er transacti o

According to an BNR# is sampled active on a BNR# sampling point, the state trapsitions to the sta

ed state.

BNR# sampling point, the state transitions to the free state.

u . .
20 If BNR# is sampled inactive on -

3) Stalled: Inthisstate,an agent may not issue a request until BNER#A sam

NR# sampling point was {nactive. The DINR# sampling point begins in the bus clock

tthe B
. ent clock cycle as long as BNR#

cycle when the stalled state is entered and every other subsequ

' i initiali after
is sampled active atits sampling point. A request stall state isalways initialized to stalled

ET#). An agent can extend the stalled state by asserting

25 a reset event (either INIT# or RES "

k cycles (before the valid sampling points). If BNR# is not samp

BNR# every two cloc
hrottle state.

e in the stalled statg, the request stall state will transition to the 1

active whil "
for 2 minimum of one bus

Therefore, requiring the BPRI# signal to be deasserted only

_ . tin
clock cycle (rather than two) after being asserted, and adjusting the BNR# sampling point 1

\ # s ) led
30 {he free state to occur two clock cycles (rather than three) after the ADS# signal 1s samp

inni i itration phases
asserted decreases the minimum latency between the beginning of successive arbitrationp

from three bus clack cycles to two bus clock cycles.
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enbodi ment, a request stall protocol is inplenented and is determ ned based
on three states: 1) Free: In this state, an agent's ability to issue
requests is not limted by the BNR# request stall protocol, but is limted
only by its ownership of the bus and by the request rate. In sonme Pentium
processors, the BNR# sanpling point in the free state occurs three clock
,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. When an agent intends to
stop a new request generation in the free state, the agent drives BN R#
active in the clock cycle before a valid

BNR# sanpl i oi nt.. fr. .
In the next clock 2¢Redue§t Phsk: Hgéml@ﬁ@b%%?s\% @ﬁsed’g?’}’\?gg’@% ohr?fnapgnﬁ%s
sanpl i ng poi nt L nansh t QP b5Re 1he esbadinesl 15d agiest pBjse Therstaomed?  An

agent may i sSUE ocﬁéjnfeé] 0est in tﬂjs State once it fadhe bus
and the naxi mumlé@&#clpemmmmnrﬁ}uféewﬁ Pb@éwch‘ﬁ?sﬁt"af‘#e%ase‘i’ﬁng‘ﬁgﬁf%ﬁ %éar?p l e

point is in t first nd R6Qhikeddsingtie sec\dh@;:uh whasepd
throttled stét‘”Wg#wfgﬁﬁgﬁ%f&XQ#gaggmg? e on a q NR# sanpl i ng_pai nf,. the
state transi tthm@;etst@:htsla)a Retyadst infpratian & frapgpifted dBf\thhF SR f’ I'nact };e on a
BNR#- sanpl i ng_poi nt stat $ wli thd@sérfi@eofahan®Ss# sPn2iSthal | ed:
In this stat g"a%%flﬁu%{] aifese mnggﬁ%sggﬁgeé%%?equest untj | N{ sanppled.at the
BNR# sanpl i ngadpﬁksmmmsgmahaﬂmewe an W@PBWPS‘%{ﬁtﬂ“?ﬁéhabfﬁ” CPEGIMS Th the bus
clock cycle mhen the stalled state |s entered and every ot her subsequent
clock cycle d§%%8hg as BNR# is sa led actiy éﬁ‘ %s sanpling point- A
request stall state is almay3|5¥4ﬁ4 EE@@UFB g{ %% after 25 _a reset event

(either | Nl TH—e+—RESET#)TAT agemnt n.extend th $d " e\Y4
asseoting BNReindiagrey two Bi"d‘t’!R”E?/‘EFe@g("B o2 '«gna’%“%go" ,m"g et s) .

If BNR# is not_S e whi | e Ji ygtcbe st al lagdyst at e, t1e reques
stall state wiﬁ@§%$gﬁgrt|)%t¥g t he tk@@%ﬁje stale. Therefore| requiripg the
BPRI # signal o be deasselted-enly—fagr—a—riminoimof—one bus 'ock cygle

(rather than fyQledfter bei{{ﬁ@[rae]#ertedlcqmﬁ adj | SEQRHE Yhe sanpl i hg

point in 30 fhenhime state to occur ck ¢%e q? (ﬁgather than thyfee)
%f? pase

after the ADY # signal is|sanpled ass decr ¢ e m nilmum | at ency
bet ween t he bpgi nni ng _of
cl ock cycles

phase is the JECL%H%Hgﬁﬁl
to the bus. Agcording-te
clogk cycle i hadaeat i on.

i ncl udi ng sub4phase

uccessive tafian phases—fromtt-hreebus

EIM V-6]#€S}. Reddesb 2) Reﬂqlﬂﬁ‘sﬁt[l ‘PHase:| 2The reqyest
¢h the transaﬁhbaﬂ is gctually 1issyed or drijven
i

A—efrbothrner he"Tequest_phase 1S d commorn  bus
hd3sduest pheEesi ncl |ded B?ﬂg e

sub- phases,

Reserved ® Ab[35:32]#
Attributes® ATTR[7:0)# or
Ab[3]:24)#
Deferred ID® | DID[7:0]# or
Ab[23:16]#
Byte Enables® | BE[7:0]# or
Ab[15:8J#
Extended EXF[4:0]# or
Functions® AbB[1:0)#

Notes:
a. These signals are driven on the indicated pin during the first sub-phase {sub-

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

20 Request phase. o
“Thus, the transaction address is transmitted on Aa[35:3] (where the A" indicates
¥
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a (during the first half of the re
guest phase) and sub-phase b (durin
335?28 fﬁg-ngaZS?fphggg r?unsélphaSﬁ). Request inforngtion is(trahsgitPgd
_ _ , including the transaction address.
phase begins with the assertion of the ADS# signal, the adzrelgesisgggSt

signal. Here is an exanple group of si
, : gnhal s that can be used to t '
Lﬁquesp.EXANPLE REQUEST SI GNALS Pi n NanmePi n Mhenoni cSi gnal NaneSi5§2Fn1t :
enoni ¢ Nunber Address StrobeADS#Address ADS# 1 Strobe

Request RE(J 4: 0] #Request ' REQa[ 4: 0] # 5 Conmand
: Ext ended REQ[ 4:0
Request StrobesADSTH[ 1: 0] #Request ADSTB[l 0] # 2 StrobestESAdeesgqueStb

Al 35: 3] #Addr ess' Aa[ 35: 3)
Ab[ 31: 24) # Deq@éteﬁ%gemaéﬂraﬁ%?@eﬁrﬂ b@‘% eig Sﬁﬁ?@"%ﬁ%ﬁ?s %ﬁ)‘?%oﬁ o

i 7 TR Bt ety Sty e s o
functions) descnl?xnge{he %’Iar?sagl%gl Irsn nsmﬁec“a )§l§ 3§ﬁ"]tt phﬁﬁ&ih(’@ EHAt the
additiona) information is transmitted over the address lines during sub-phase b). The

5 assertion of ADS# defines the beginning of the request phase. ADSTB[1:0]# 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 embediment, the request ¢an be driven onto the processor bus:

1) clock cycle after ownership observation; and

0 2) two or more clock after ADS# assertion for the previous transaction. and
3) BNR# is observed inactive. and
4) LOCK#, if not activated by this agent, is observed inactive

Some Pentium processors required a2 minimum delay of three clock cycles after

assertion of ADS# of the previous transaction before the request could be driven onto the

15 processor bus. To decrease the minimum latency between request phases of successtve
transactions from three clock cycies to two clock cycles, an agent may drive the request
onto the bus after only two bus clock cycles after assertion of the ADS# signal of the
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 thata
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 Jine is the unit of caching in the caching
agents. Accordingto an embodiment, a cache line is 64 bytes, but other size cache lines
can be used.

The cache protocol associates states with lines and defines rules goverming state

30 transitions. Each line has a state in each cache. According to an embodiment, there are four
Jine states, including: M (Madified) 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 al) other



phase a) 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 transmtted on Aa[35:3] (where the "A" indicates 23
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 transaction is transmtted
on Abf35:3] ("b" indicating that the additional information is transmtted
over the address lines during sub-phase b). The 5 assertion of ADS# defi nes
the beginning of the request phase. ADSTB[1:0]# should preferably toggle
once in every bus clock cycle that ADS# is asserted, and not in any ot her
cycles. The REQRLAEQk#Iand)REQH{ALOIH: lindenit Iscaghiaand s AKSHBE T Fybe.

Tl Ng L A ouias e S S sSt Bndiabiven ﬂmwm«a {ps ocessor
bus: 1) cl ockeege|a kit "éL B’v@ﬂo}i %pﬁobsgﬁgregﬁ ndidati 1,3 a

vat'ion: and %1 [.qyTor e
clock after ARGHe, %Sx&ﬁhstmeﬁhnfemalut anmewwauéwr%méa@ﬁa@ws &R \Aﬁi‘\?’)a BNRY i s

observed inactive. 418Ye relfUhSd ageahgthd S
observed i nacﬂ%“%ﬁ"é “ﬁéﬂ’f i "oﬁvﬁll(l)agggggqu%%yg\égé ér?]gd1 a mini mum del ay of three
clock cycl es afdebragagsertion of ADS# of the previous transaction before
the request could driven._on 85i15fhc i Snforked. dBerfefseng he

m ni rum | at ency be'?ﬁ%g‘ﬁol) ghaﬂee]gﬁhgﬁhgggs\%g?%ﬁgcesm v)gwt rahnsactl ons from
three cl ock cycinesatge t:mfmomkm\,‘ioﬂhé%‘ cargpp it HAS OB PR7E t he request

onto the bus after only two bus st ogk £¥abes sefivers assertion of the ADS#
signal of the previous transaction.  accordi-rg—to—pr—erpodiment—As Tot ed

above, the AD# ngigg alion i denti f.lﬁﬁbiak}ﬁ begi nni ng JDere request phage, and
i ndi cates that - request— 1520 be g ven ¢ dQL’Q t he
procgssor bus |inepitgh Nop-Moddidér esBIIFpr ovi ded over i "’“éa’dltr ess us) nd t he
request (provijaaehedvsr t he REQl[ 1: 0] lines). 3) Snoop P i to

an enbodi nent ,[the HRROT t's cache C()IA Erﬁﬂﬁl}ﬁdfrqﬂmmﬂ tiple
cachi ng agents.Hl‘dBﬁg 3%’%33%%‘““‘“ 13 consistency) eu.;u?es rivat system or
conput er wi t h |rpsiplrgackisyel s of | pAEBR# and nmenory drﬁ*tﬁsﬂ?ﬂ‘lht‘iiﬁﬁ"é“cachl ng
agents 25 presem;mp@et,gmared menory nodel in which prieferably no agent—ever

read§? stale (or—tmicorTect) data and actions can be serialized as needed. A

line'Ts the unit of caching. in the cachin ACGRr Ab R&Hitipataid
enbodi ment, a cachentheraeqpPhast BYPLEe e gdrfvgg”r%mss?ozog Cache I nes

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. If HIT# and HITM# are

simultaneously asserted by an agent during 2 snoop phase, then a snoop stall has occurted

25 and the current snoop phase should be extended. DEFER# is asserted during the snoop
phase 1o indicate that he current transaction 15 not gparamecd 10 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 wansaction. However, according to an embodiment, these ninimum latencies

30 were modified to 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 after the beginmng of the request

25




can be used. The cache protocol associates states with lines and defines
rul es governing state 30 transitions. Each line has a state in each cache.
According to an enbodi ment, there are four |line states, including: M
(Modified) which indicates that the line is in this cache and contains a
nore recent value of the line than in nmenory, and the line is invalid in
all other 24 agents; E (Exclusive)indicating that the line is in this cache
and is the sane value as in nenory and is invalid in all other agents; S
(Shared) indicating that the line is in this cache, contains the sane
value as in nenory and may be in other agents; and | (lnvalid) indicating
that the line is not available in this cache and should be fetched from
anot her 5 cache or agent. The snoop phase is the haseALp %@kggnggphe
coherency is gﬂLﬁﬁﬁedﬂeih@mhhkkwamgﬂﬂﬂﬁﬂﬁﬁﬁéwﬁﬁﬁf’EPF§P of - 'snoop si gnal s

whi ch can be used during a sn - EXAMRLE  SNSRh ShENALS evias Si gnal
Function KeepPhl§shMeot? ﬁﬁl]?siag%qh@?ﬁgrff_i he Hit t OBI\E{%%E%]L#“ %ﬁiﬂ}mla&we
Def er Tr ansaciygfcidapnphuetthonax@iem hitiveticdratg f e i ver Agent wth

shared line Agent with di | i di NG caeakict i dnbrepes reopP™IRES e, al
cachi ng agentéﬂﬂPTW@‘gﬁgﬁiﬁéﬁggg%ﬁigﬁﬁgg-andcparticigag

| e Iy
cohergncy reseldikicaks. Foe lageniserge ienateeniRg e baIc9Y tc?of)ser(%gﬁjﬁ?sg@?gr nearly

1 cycle.
all the snoop phase remains the samme smce the request phase was shortened by one ¢y

4) Response Phase: In this, phase the response agent drives the transaction response

initi i in-order queue
onto the processor bus. Requests initiated in the request phase enter anin order q

mmaintained by every bus agent. The responding agent is the agent responsible for

. , -
7"10 completing the transaction at the top of the in-order queue. 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[2:0)# 3

Response Parity RSP# 1

Target Ready TRDY# 1

# si X il
The transaction response is encoded on the RS{2:0]+ S;gna]s‘. Examples of possible

' ' vired 10
20 responses include: 2 norma) data response (where the responding agent 1s 1eq

data along with the response), a retry response (when DEFER# is asseried

transfer read

j g esponse
during the snoop phase indicating that the transaction must be retried), a deferred resp

) ion in the
(where the response agent or responding agent prommses to complete 1he transactio

Deferred Reply Transaction), 2 no data response(where no data will be

future using the

returned by the addressed agent), etc. TRDY# is asserted by the responding agent to

25

i i rovide
indicate that it is ready to accept write or writeback data, etc. The RSP# signals p

parity for the RS signals.

i ini of three
In some Pentium processars, the response could be driven afier a mummum

i ] ing 1o an
bus clock cycles after the response phase of the previous transaction. According 10 &

3 y ive transactions was
30 embodiment this minimem jatency between Tesponse phases of successive tr
7

cording 1o
adjusted to more ciosety match the new beat frequency of the processor bus. AC g

£ s 1 H T Mm% Ly VC]eS Elﬁff]' lhe
an en’bodjnjc]’n a ]'e‘.'DO....ﬁ can be dT]\'e: aﬁc o T]']‘.n]]ﬂum Df T\ ¢ bus C]OC]( G
2 h P

1~2
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e

menory transactions, that are not its own. Al caching agents (snoop
agents) drive their snoop results onto the bus in this phase using the
H T# and | -11 TM# signals. 141T# is 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. HI TM# is asserted
during the snoop phase to indicate that a nodified copy of the cache |ine
that contains the requested data resides in another agent's cache on this
interface. If H T# and HLITM# are sinultaneously asserted by an agent
during a snoop phase, then a snoop stall has occurred 25 and the current
snoop phase shoul d be extended. DEFER# is asserted during the sngop phase
“to indicate that he_current t N b SnuRPhleglyas apk8bdubjectbeothdnpl et ed.
In some PentirGFﬁoﬁ?e@ég“%g%V’gPs {r{?g&g%go%%pesul ts we driven four olock cycles
after the ADSHstdignalich sayessmp thelagrfg- Jpe Hoéa%‘\t{\‘f’[’]ﬁrpé‘gpeclsggﬁ gycgj g; fromthe
snoop phase of the revi pus b @en SiQepVERery aecrsalaa ccees
enbodi nent , tﬁé%"ﬁ‘?%f Wr?]%r %{eéé?g{%:%f;:%o wer e W@di fi e%. to r{;@gsgrsyl osely match
the new beat fdRmtenconcoperehey pradasdek cBile o RFESFAPITTS an” enbodi ment
t he snoop results Ran Qs?}’r‘{'tgalié d‘{ﬁﬂsaEth‘%?a gdhackocybdrese adgtet agehidhas XDS# si gnal
is adserted (i.e., ”ffitée bus clock cycles after. the beginning.gfe she
request 25 phaae)otﬁﬁﬂcraﬂ'hﬁwSQSSQdW%f%WT@ I"é8 "aff'er the snoop phase of
the previous %,r an eargtljcgqge(nk irBending & peHB@BA wit opE htank Itspuiedsnti BPCERE snoop
results were dPPVEH Gt 0"t he bus for .t he .previ QUS. . Js3sagklc@Mer Thus, the
Maxi mum act i vaite TRD Wizigsalfcor)d e For 9 PREDERERY Si"gnal's (shoop result) was
changed from On%§i0P§W%afﬂFﬁ@SMaﬁiam. Gyot exs tyrcaBheReFEFSTEEr y t wo

bus 5 cl ock cycles. Note that the |atency. f DB SR NgkeRfmdidhand eauest
phas® (sub- phagéch@yn evsthep s 2IfFOD %’ﬁa{%tﬁncygﬁgf%ﬁasl 'The sane since the request

phase was shorbtggr}ggucmg ARRCEHE s A@coﬂegmls@@ﬁiﬁs‘—’éty an dyepied 228h%8e t he
response agent drives the transaction resnoBs€ioRRyQeddier pEmt@ssdDSBUS.
Request s i ni t isateedhe TR gatiEst “Phase enter an in-ocrldéé rugﬂgg{fhaggqj) nt ai ned
by every bus 699%%@1%;tﬂbﬁm&@ﬁmmn@oag@mhﬁiaécnfhﬁmﬁﬁ??rff‘ PEEHOHST I e for 10
conpleting the transaction. at ol he top of the in-order queue. The respondi ng
agent is the TRRYtEmsPs W5BME Gddr essed bé the transaction during the
request phase. Bel qDias (Bangxafiplse Ryrivufpe Ftaé"}‘ﬁﬁadla? TR Can be used in the
response phase; EXAVPLE REGPONSESLGNAL 7 pRedShgmatebise Nurber

initiated” (write) data transfer , 2 “response-initiated

transaction either contains a “‘request-

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

{or 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 gg;gg{[gg%z g
Data D[63:0]# 64
Data Inversion DINVI3:01 4
Data perity DP[3:0]# 4
30 DRDY?# indicates that valid data has been placed on {he bus 117 and must be

latched. The data bus owner asserts DRDY# for each bus clock cycle in which valid cata 1s
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15 Response Status Response Parity Target Ready RS[2: O # RSP# TRDY# 3 | 1
The transaction response is encoded on the RS[2:0]# signals. Exanples of
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
response(where no data will be 25 returned by the addressed agent), etc.
TROY# is asserted by the respondin t.Quy b0iGRL S iRl phisel DBERADY toO
accept write E?rbm{a?%f?’i'ecdegwcfﬁ?{é? &3?%3&%1%; B5BE s gnal S prgbi de parity
for the RS si ghaleSsed B hsiamR d@ani teforpiodes DB asiteionasp bty erSBuEH “Be
driven after a mninumof three. . hus cl.0 % £hrbhasespanse phase
of the previ oiﬁ%‘l)tyr#é‘ﬁ%eél?f‘ﬁf?ﬁ?”ﬂﬁ@gr or ﬁlécﬁ%ﬁaﬁ%%'enmi rgent, “this m ni mm
| at ency bet wegf; e 8RPPEaPIER SivaieddyciesbBisvect r ansacti ons was adjusted to
nore closely match the new freguenc, fod Ph QRS SS Q64 BH At pAR Or di NQ
to &n embodi ment, The ?%ﬁ%ﬁgﬁéﬁﬁ#ﬁg% ;ala%g%’ za%[&g?' rﬁm' ni mum of two bus
clock cycles gfdeEn bbb, Fespansbirafsic e hphinlusd adi e iR
mninmum |l atency is typically hj.8ct. to Of b &I Blabh S wiMiogiintBy ext end
this |atency. twq%aqlﬁﬁgﬁgdgﬁwﬁﬁﬁ%te us’?%ﬁaﬂ))ﬁtg node used  for the request
signals, a respR&e. Ciwe DPeidisl verbeanaiso parvidepaity for iy BRS®Sck cycl es (as
conpared to once per every three, PEK, veGh &8 rdsQksing @ GBadRRhEdIIR,
processors). 5 A reAcfﬁ%ré’t“g%(%nﬁng delg\g"?tfkgalrtl_sa tionis a tlr anéaa@%i on vgqere t he
requgst agent AxgSsounts siyfchetabas lbiohed pemterobin winthdhetatireEaB PleGUAF 48P t s TRDY#
to indicate its ability, to.regeive datfachhomddecE coueast sagennibasendi ng
to performa \/Wi“f’%“%’ re%é’ftf' g &F]lnn ‘Sore P&nt i um processors,

order) zre transmitted in the first quarter of the bus clock, the second §-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 quarier of the bus clock if the data to be transferred s 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 andfor

described herein. However, it will be appreciated +hat 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 intenided scope of the invention.
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t he TRDY# signal could be asserted after a m nimum of three bus clock
cycles after assertion of ADS# signal for the sane transaction. There are
typically other constraints which can |lengthen this latency. This |atency
was nodified to nore closely match the new beat frequency of processor
bus. According to an enbodi nent, an addressed agent can assert the TRDY#

si gnal af W%i?‘”’l‘f@@ﬂﬁmﬁblts“‘o bus clock cycles after assertion of ADS#

signal fo ion. Note that the latency fromthe end of the
request phase to TRDY# remmins 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 request phase, a transaction
ei t her codt ai né Bethodge@BPUSIRG t | at ed” (wite) data transfer, a
"response-initiated" (read) data transfer, or no data transfer. The data
phase may over limpatwmg & fitdheequesiiphase fohafiest thnsachen;madsacti on. 20 Bel ow i s an
exanple list of signals that can be used in the data phase: EXAMPLE DATA

SI GNALS Si gnal iNNaaise Nowrddad reqlyftehbiifer Readid trab¥zBlYsh fad sipBieedBusy | DBSY#
25 | 1 DSTBp[3:0)# ta Strobes DSTBp[3:0]# D[63:0]# 64 Data DIN-V[3:0)#

4 Data | ' nPlefioft of B B Bahidud? @B@X ddEGRE St RAtaidal | d

data has gaéagjﬁéﬂpq}gbcre@g[zgﬁg% hlgrAlt())us % ar%g mist’ s. e ?Eogat chg&@. @ﬁag dat gl bus

owner asses,‘éétoid %Ral[i)s\{':ﬁt:ti];g %e:%%(it%tigt%a t\%lo %ﬁg cf ecsla?le} &e"f‘iﬂ}lst(i’gqﬁ/e%% 15}%59 %[r%he! s 27
first transaction, as measured by a second address strobe signal assertion for the

second transaction occurring two bus cycles after a first address strobe signal

assertion.

2. The method of claim 1, further comprising:
providing a plurality of complementary strobe signal pairs in a data phase, and
providing four data elements per bus clock cycle transmitted in a source
synchronous manner in conjunction with said plurality of complementary strobe

signal pairs.

3. The method of claim 2, further comprising:

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.

4, The method of claim 3, wherein said providing four data elements comprises:
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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 multiple bus clock
data transfer. DINV[3:03# are used to indicate that the data bits have
been inverted by the data source. 5 The data signals D 63:0]# of the data
bus 206 (Fig. 2 OV 4-hi aFor a
parti al transfggqﬁélﬁgﬁgﬁ?tﬂdﬁgﬁgjﬂ%rgg (g]ﬁ ﬁ%é%oto\%rq?r%%% ?gﬁigﬁﬁ%ﬁﬁ?f t he byte
enabl e si %g;al s (BE[7: Oﬁﬁg det erm ne which bytes of the data bus wll
contain t H&stopaPf g PesPLdatdRo Ealyal s can be used to provide parity for
the data signals. According to an enbodi nent, .data nmay be transferred
using a quad punped (i.e, 10 4X) source synchronous |atched protocol in
whi ch the data signals D[ 63:0]# are used to transmt four 8-byte data

el ement s iprovadis AGkendutatzod]enkntcyndheoniZivetofai firstedge bfjthedirgtitiipbek st or der)
are transmtted in the first quarter of the bus clock, the second 8 -byte

el ement i Bedohi§ oREGONHE palAIfidAa Blobé Bigndltts cl ock, the third 8-byte element in
the third quarter of the bus clock and the fourth 8-byte elenent in the

fourth quarter 8?‘;‘?{‘1@3 aHSd Pgtg%l‘%n?e-ﬁ?ﬁmlﬁrog%ét&@@ecgﬁdteﬂ {BE ﬁﬁﬁt}ifﬁ t he

first quarter bus cl ock e data to be transferred is to 8

bytes in | ength, and e dat an he transferred in the first two quarters
of the bué’?g]e&lgrﬁt Oriefoétﬂ%galﬂgf%a({? %r‘g’-efbgnl% taé%di n |l ength. Several enbodinents
of the present invention are specifically illustrat eg &nd(/éfoé descri bed
herein. Howevemrovidingia fouglk dafa slemanh pyaghiomized fpa seead eigny BRE I MPPat i ons
of the 20 present invention are covered b?/ t he above teachings and within
t he purvi efitiefsetérel appeitbepaic bbdaws strbielstanalsdeparting fromthe spirit and

i ntended scope of the invention. 28 WHAT IS CLAIMED I S: 1. A nethod,
conprising: initiating a first request phase for a first transaction; and
initiating a second request phase for a second transaction in a pipelined

manner prior t opegnh el LeRa e 4S@h9eﬁlisafdtﬁﬂsf@?¢saséd ens a felish &dgeond request

phase for "said 'second transaction being initiated two bus cycles after the
first request phase for the first transaction, as neasured by a second
address strobe signal assertion for the second transaction occurring two

s OOl o Al e o of Bt T°3n S 22% S 3SR GBnefts BT OO O

address elements comprises:

providing a first address element and a first request element synchronized to a

first edge at least one of the plurality of address strobes; and
providing a second address element and a second request element

synchronized to a second edge of the at least one of the plurality of address strobe

signals.

7. The method of claim 6, wherein said first edge is an address strobe falling

edge and the second edge is an address strobe rising edge.

8. A bus agent comprising:




providing a plurality of conplenentary strobe signal pairs in a data phase;
and providing four data el enents per bus clock cycle transmtted in a
source synchronous manner in conjunction with said plurality of

conpl ementary strobe signal pairs. 3. The nethod of claim2, further
conprising: providing a plurality of address strobes; and providing two

request el emeni sumley éMeqR3E§i8S4 palsement s per bus clock cycle transmtted
in a source synchronous manner in conjunction with said plurality of

addr ess strobes. s f claim3, wherein said providing four data
el enent s conpfa?lsaggmgg?%ﬂr%wg‘?ﬁ%’a first data el ement synchronized to a

first edge of a first.t of ,.a.first one of a ir of data strobe signals;
provi ding a s&EHft @&lca"%g?e@ﬁ@ﬂml%%ﬁ‘rsﬁ?ﬁr@éaq‘feépé’aﬁ? U2 EeRJW of the first
type of a second one of the pair of data strobe signals; providing a third
dat a el erfedsacsipn éwe slackeeftare lsisregenstipkage foraffimteansagtion yyaseerting at he fir st
one of the pair of data strobe signals; and providing a fourth data el enent
synchr oniphedlityefacpestaighatdagesadd plutedity of wtjudsy gignal plinstdnd axsecend one of the
pair of data strobe signals. 5. The nethod of claim4, wherein said first

type of ef@€actidnaddrabd Jibe 8EAE) orbthe A& =808 sighal i fdPide sébgd €i n sai d
providing two request elenents and two address elenents conpri ses:

provi din ks I f 1. I . synchroni zed
At SR bt e Rl i S e
provi di ng._a,second address el enen d a_ _second request el ement

“synchr on%%t(]}e?lgm TANRAEGRY 08%5016183‘@ ﬁa&ﬁfs ﬁtrggg flgBﬂémgfa“?he plurality of
address strobe _ signals. 7. The nethod of claim®6, wherein said first edge
i s an addr ess 3flfeshand apeshiaraelogirdottraasait said plwaliy af seqngstadgnalsss st robe
rising edge. 8. A bus agent conprising: 3Q a plurality of request signal

pi ns; and a plurality of address signals at a multiple of a bus clock frequency in a source

synchronous manner.

9. The bus agent of claim 8, wherein said first request phase and said second

request phase are double-pumped request phases.

10.  The bus agent of claim 8, further comprising:

quad pumped data bus interface logic.

11.  The bus agent of claim 10, wherein said address and request transmit logic
comprise:

double-pumped address and request bus interface logic.

12.  The bus agent of claim 8, further comprising:

a plurality of data pins;
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an address strobe signal pin; request logic capable of initiating a second
request phase for a second transaction two clocks after a first request

phase for a first transaction by asserting a plurality of request signals
on said plurality of request signal pins and a second transaction address
strobe signal on the address strobe signal pin for the second transaction

two bus cycl es, gl.tfify 85884 kWt Bfis;2 first transaction address strobe signal
for the first transaction occurs on said address strobe signal pin; and

dd d it | ogi i id .pl | i f
ignats “and & pirah FEREH it BTt Iich Blop@t i Bs ikt oo

frequency .in source synchronous manner. 9. The bus agent of claim S8,
wher ei n s%‘i"iﬁ‘g?%{l‘%equest phase and said second request phase are
doubl e- punped request phases. 10. The bus agent of claim8, further
conprising: quiade grnhsagneraten logs torgererhigadinsiodtastrobe sighabarsimseageht  of
claim 10, wherein said address and request transmt |logic conprise:

doubl e- pulnpedrcbe digaaboan first dgqraggbbdpis andtaseim@mdeaiataogiobe pht) saidlfesilag agent of
claim8, further conprising: a plurality of data pins; 31 a plurality of

data strop@bPkisial #dGaRIERRod QEXstRINR slPRaCIRRYRYa datRYSole B&tesdydital which is
to operate at the bus clock frequency; data strobe generation logic to

generatet%igeigﬁ%b&actl&ksﬁ_g %Qﬁc ialg(pal and a second data strobe signal on a
obe pin and &

first data str écond data strobe pin, said first data strobe
signal and sai d second data strobe signal havi a. data strobe frequency of
D co sard bl E"E‘:’F“f‘?@&lfe‘ﬁéwﬂaﬁéa@&?%ﬂ%l}t%%&%?mzﬁ (e pt Rt dat &

el enents synchronized to a first edge of said first data strobe signal on
sai d pl ursdid firgt ¢ata gisebe seneb onsdd pdurelited dite pitstand 80 sresmis datg glestensni zed to
a first edge of said second data strobe signal also on said plurality of
dat a pi nsyndBoniTedtoaibrsagiaetofchidckeeint dhs stfobe tigeal dongr sadd plyrality of

data pins.

13.  The bus agent of claim 12, further comprising:

a plurality of address pins;

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

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

said plurality of address pins.

14. The bus agent of claim 13, further comprising:

a plurality of request pins;
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a plurality of address pins; address strobe generation logic to generate a
first address strobe having an address strobe frequency which is the sane
as said bus clock frequency; and address transmt logic to transmt
address el ements synchronized to a first edge of said first address strobe
on said plurality of address pins and to transmt address el enents

synchroni zed t%@eiﬁ%gﬁ%dﬁe@%m%i%%ﬁ if td 8insAH0ESS: SlehRRR al so on  said
plurality of address pins. 14. The bus agent of claim 13, further

conprising: .a pluyali r [Nk rejn i transm t
logic is %Bdfr?’ﬁﬁesdrﬁ%ta ééﬁ%@t‘ﬁg’%@zféﬁtpa g&%gsilg:{{: b%ﬁisglédop lﬁ%h% ffi(}rg@fe%édge of said
first address strobe on said plurali of request _ pi and to reguest

el enent s RISANG8 AEHEs Aements 8y n&?éi" ppecond gdss of 1d2€‘6? eSS 1g al so
on said plurality of request pins. 15. The bus agent of claim8, further
conprisim@oOnﬁqghhmwﬂ19f@ﬂugﬁanéss pins; a plurality of request pins;
address strobe generation logic to generate a first address strobe having
an address strobe frequency which is the sane as the bus cl ock frequency;
and address transmt logic to transmt address el enments synchronized to a

first edge of Baliwhshbiftloratnes surtlef 8Repimgai d plurality of address pins
and to transmt address el enents synchronized to a second edge of said

first address strohe ; tLd:-plurality of address pins and to
transmt request eB§%§%§§§§€%@%%% Fgéd to a first edge of said first

address strobe on said plurality of request pins and to request elenents
synchroni zed to a sl t%ﬁ%&% SLBISY first address strobe al so on said
plurality of request pins. 16. The bus agent of claim 15, wherein said

first address strobsldesapirobeReneigos lngit Wraeneeie figbaddress strabhadRe st r obes.
17. The bus agent of claim 16, wherein a first one of the two substantially

i dent i calanadidress straier fodspsnéyswhichnsthe sdreclastinbhs ootk fdquancy dnidr st subset of
the plurality of address pins and the plurality of request pins and
wher ei n a secoidréad &afdmit Nrid ¥Wraddmit address elements synchronized to a first

edge of said first address strobe on said plurality of address pins and to transmit

address elements synchronized to a second edge of said first address strobe also on

said plurality of address pins and to transmit request elements synchronized to a first

edge of said first address strobe on said plurality of request pins and to request

elements synchronized to a second edge of said first address strobe also on said

plurality of request pins.

16.  The bus agent of claim 15, wherein said first address strobe comprises two

substantially identical address strobes.

17. The bus agent of claim 16, wherein a first one of the two substantially
identical address strobes is transmitted synchronized to a first subset of the plurality

of address pins and the plurality of request pins and wherein a second one of the two
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substantially identical address strobes is transmtted synchronized to a
second subset of the plurality of address pins and the plurality of
request pins, the second subset consisting of remaining ones of the
plurality of address pins and the plurality of request pins that are not
in the first subset. 18. The bus agent of claim 10, wherein said quad

punped dajudstairsallyitdendaraidregistobss is auihatey MRRANGAE 16HastonyRed: dat a bus
interface logic. 19. A system conprising: a bus one or nore bus agents

conpri si r\ﬁ'the?upzh}ff' @fhcﬁc}fes%f seﬂlldefﬁé ﬂfé‘)abfﬂ% aet 91@ tﬁggéc%ﬁﬁﬁl%sepbe si gnal

pin;, request Togic capa e o RitiA re uest phase two cl ocks
after a first re u=st ser. Iurall uest signals on
sai d pl urdfry*o T@&H {:mess gry[iléti &Bfaﬁ’iy %‘?ﬂﬁﬁé‘d‘%%%ﬁa ¥ E@Eﬁ“%ﬁ addr ess
strobe signal on the address strobe signal pin for a second transaction
two bus CYBYSEPRs that et in fhefirgirsuliseti r st transacti on address strobe
signal for a first transaction occurs on said address strobe signal pin;
and address and request transmt logic to transmt said plurality of

request signals and a plurality of address signals at a multiple of a bus
cl ock frelpuencyhd Buseagsmfeaimsy) oheRnossd fedinfimpeddatObus Therfsysiogin of cl aim
19, wherein said one or nore bus agents further conprise: quad punped
source sypehien f cThe system of claim 20,
wherein sa?d ongﬁg?ﬂﬁ%?%gﬁﬁghgggﬁf%ﬁgﬁ%qﬁhﬁﬁxaa rlse doubl e punped source
synchronous address bus interface logic. 22. The system of claim 21,
wherein said address and request transmt |ogic of said one or nore bus
agents conprise: doubl e- ed address and request bus interface logic. 23.
The syst em of P%?ﬂ??%”nﬁﬁgﬁéln said systemfurther conprises a plurality

of control signgls t hat operate according to a common cl ock protocol.
a bus

one or more bus agents comprising:

a plurality of request signal pins;

an address strbbe signal pin;

request logic capable of initiating a second request phase two clocks after a
first request phase by asserting a plurality of request signals on said plurality of
reqguest signal pins and a second transaction address strobe signal on the address
strobe signal pin for a second transaction two bus cycles after assertion of a first
transaction address strobe signal for a first transaction occurs on said address strobe
signal pin; and

address and request transmit fogic to transmit said plurality of request signals
and a plurality of address signals at a multiple of a bus clock frequency in a source

synchronous manner.
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20. The system of claim 19, wherein said one or more bus agents further

comprise:

quad pumped source synchronous data bus interface logic.

21, The system of claim 20, wherein said one or more bus agents further
comprise:

double pumped source synchronous address bus interface logic.

22.  The system of claim 21, wherein said address and request transmit logic of

said one or more bus agents comprise:

double-pumped address and request bus interface logic.

23.  The system of claim 22, wherein said system further comprises a plurality of

control signals that operate according to a commeon clock protocol.
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