WD 03/ 012674 PCT/ GB02/ 03486 1 METHOD AND APPARATUS FOR TRANSM TTI NG
PACKETS WTHI N A SYMVETRI C MULTI PROCESSOR SYSTEM BACKGROUND COF THE

| NVENTI ONwWOashimdecal Fi el d The present invention rel ates t@Ctaim2p8436eSsi ng
systens in general, and in particular to symmetric nultiprocessor systens.
Still nmore particularly, the present irnvention relates to a nethod and
apparatus for transmtting packets anong processing nodes within a
symmetric multiprocessor system Description of the Prior Art It is

wel I -known in the congu%lﬁ)e gp%@g{]p%Rg{%ﬁhT&%acﬁgﬁﬁh?%mgﬂdj Qrmance can be

achi eved by har ne¥E R ssin OWer 0 I vi dual
processors in tandem Ml ti PPEEREDMUEBHARQCEISORYEYEIHE can be designed with
a nunber of different architectures, of which one may be better suited for
a partic {?‘@t,_ﬂ'ﬁgnng,\éghgrpe ot hers, dependi ng upon the intended

desi gn, sys em performance requi renents, and software environnent. Known
mul tiprocessor architectures include, for exanple, symetric

mul ti pr ocesdeic{lSWRY1ayst em architecture and non-uni form nenory access
(NUMA) system architecture. In an SMP data processing system all of the

processing unifs % Bcaen ei"nevre%lc'é’n rgfasq:teei Cgo ’dakggérocésfsﬁxﬁeéfys%%s ﬂvgeﬁe%l same

architecture an U I'ze a conmon structi ons™ and

pr ot ocol safd LB et ealarTig) SYERGtFic aulRipFreas FYStinct iFieftud®¢®a processor
core havipurtatulesagl thengremeec Uinvemtiwni tefages car pymetdrod LEndprprgrahys for

instructi %sml&lag%édk@& amB36 BrBEQLESS | MPel N niR ), kpRddtdec at | east one
| evel of ¢ referred to as |level one (L1) caches, which are

he
typi cal | f“‘ﬁ%ﬁ?e‘?’réastg%]a S\%Isg?'l hi gh-speed menories. Simlarly, a second |evel
of caches, comonly referred to as |level tw (L2) caches, may al so be
i ncl uded pesceagtionpsdHadesrrigruadtt for supporting the L1 caches. Sonetines,
a third level of caches, connnnly referred to as level three (L3) caches,

may al so be incl ude F each _processi n un|t or su }QQJEtﬂngeés}lﬁ L2 caches.
StO7 na/

I th ts £
Each | evel of 'i;eh?h@ B 15 G SAP IS (R&° data I'ASTTUCLi ons
cont ai nedrgyfoymance can be achieved by harne381ng the processing power of multiple

individual processors in tandem. Multiprocessor computer systems can be
designed with a number of different architectures, of which one may be
better suited for a particular application over the others, depending upon
the intended design, system performance requirements, and software
environment. Known multiprocessor architectures include, for example,
symmetric multiprocessor (SMP) system architecture and non-uniform memory

access (NUMA) system architecture.

In an SMP data processing system, all of the processing units are
generally identical; that is, they all have the same architecture and
utilize a common set or subset of instructions and protocols to operate.
Typically, each processing unit includes a processor core having at least
one execution unit for carrying out program instructioms. In addition,
each processing unit may include at least one level of caches, commonly
referred to as level one (Ll) caches, which are typically implemented with
high-speed memories. Similarly, a second level of caches, commonly
referred to as level two (L2) caches, may also be included in each
processing unit for supporting the Ll caches. Sometimes, a third level of
caches, commonly referred to as level three (L3) caches, may also be
included in each processing unit for supporting the L2 caches. Each level
of caches stores a subset of the data and/or instructions contained in a'

system memory for low- latency accesses by various processor cores.

The present disclosure describes a method and apparatus for

transmitting packets among various processing nodes within an SMP system.



system nmenory for | ow |atency accesses by various processor cores. The
present disclosure describes a nethod and apparatus for transmtting
packet s awong/ovardi ous processing nodes within an SMP syst @cr/CHD20348612674
PCT/ GB02/ 03486 2 SUMVARY OF THE I NVENTION I n accordance with a preferred
enbodi mrent of the present invention, a2method for transmtting packets
anong processing nodes within a data processing system wherein said data
processi ng systemincludes a plurality of processi ng nodes connected to

each other via an interconnect 2 ﬁl sing: initiating a
request transaction froma mast &t 9#1%52&3 0 a plur aI ity of receiving nodes;

generating a wite counter nunber to be associated with said request
transaction; reret¥édignée Gatbinedefdresdambedincom shicte reeeent dgversdes, by

sai d mast el;neE]lQé:!ie foP eé}gh%télggatpgck&,%cgrﬁgngf 5969e§§i1§§ 'ﬂgééseﬁvl@}g@lnﬁ dfaan
i nt ended one of, sald receivin i ,ned response;

and i ni tl%f’Fﬁ@SJélgnWthqJ’éfFeq’t F%‘g?é{‘? (?ﬁoceTSl% %S% N mc?u WWwite counter
nunber, intweelideby Rybressisg|wpdedarornpaiseto RRShHRIRT s‘é‘ﬁt a’arfdltﬁé?%‘tn@c‘f'he
recei pt Ofaianmétlon o d geingnt init L siiingah dregnéendesngaet bory ifmgm rodested| |

obj ects, f@gat ﬁcge %Sp1%Q1§§g\6§n£§&§§lﬁg nb&& p&&?&%ﬁ:u‘l@‘éeﬂflt@nc&irﬂtér HR6eRE

apparent 1n_t ow n wWitten descri t| 9N, BRI EF SFRI PTION
OF THE Dmﬁ@s?ﬁéaﬁeﬁv‘égﬁhi laaltrg‘é‘f SHREE T A a et Ped E)g_e of use,
further wispeets framdaad\eereiges ltheﬁSebY Sa\hﬁilf‘raSB%’éth%f ATHET St B0 By

r ef er encepdcfet t#iemf € ildoma g r defent | ©d adeﬂﬂ:l’enﬂéd oneoff anid lregsiviaginages

enbodi m?”é c\g@gfhgf %édsalhnc&&%éw%gﬁ&s\éﬂ tdhat mtqagggaoanﬂémgegre@\eﬁ ngs,
wher ei n: %ure iIs.a gramo a rnqu e.dat

c .
system ‘i ﬁﬁ%tdfaan"‘l:l@n%"flﬁ B8 ERbodiTEnT ‘of W%ﬁa@élo g%fséxng’ald

i nvent i ordataFbapket as Beep EP@%l@nél hefoam B &8t s 8P atqlfaf’chf‘gﬁe’b%ltutl l'i zed
to i npl enenih a4nE agesidew ddaedvindendrt.a processi ng systemfrom Figure 1, in
accordance with a preferred enbodi rrent of the present invention; Figure 3

is a block diagram of a comruni cati I0|cb wthin, the pr r
fromFigure 2, %oﬁk%%?daﬁ%@éuwst Th*y rgcrarg% r‘rgodlpres ne %n"%“ﬁégfgsge@gm

i nventi orbecome apparent in the following detalled written description.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention itself, as well as a preferred mode of use, further
objects, and advantages thereof, will best be understood by reference to
the following detailed description of an illustrative embodiment when read

in conjunction with the accompanying drawings, wherein:

Figure 1 is a block diagram of a multi-node data processing system,

in accordance with a preferred embodiment of the present invention;

Figure 2 is a block diagram of a processor that can be utilized to
implement any agent within the data processing system from Figure 1, in

accordance with a preferred embodiment of the present invention;

Figure 3 is a block diagram of a communication logic block within
the processor from Figure 2, in accordance with a preferred embodiment of

the present invention;

Figure 4 is a state diagram of a request transaction in the data

processing system from Figure 1, according to the prior art;



Figure 4 is a state diagramof a request transaction in the data
processing systemfromFigure 1, according to the prior art; W 03/012674
PCT/ GB02/WB4801264 Fi gur e 5a depicts an exenplary format ofPCI/GBIQUBSE
transaction transmtted via an address channel of the data processing
systemfrom Figure 1; Figure 5b depicts3 an exenplary format of a data
transaction transmtted via a data channel of the data processing system
fromFigure 1; Figure 5c depicts an exenplary format of a partial conbi ned

response or conbined response transm tted via respan h of the
data pr ocessiﬁr)llgquéfflsfaer%e?fc%r%ﬁﬁﬁremslﬁryaﬁodf i:g%fg ’ge@g?gecsrtg %ltt&erya g%}%gr am of a
request tymsaEtiednviam aphrddgasa chprtessi iy 99t BRPIISSIATiISYETE £ro% n
accordanceigsceln;a preferred enbodi nent of the present invention. DETAI LED
DESCRI PTI ON OF A PREFERRED EMBODI MENT Referring now to the drawi ngs and in

particular to Figure 1, there is depicted a block_diagramof, a nmulti-node
dat a processi n’@“gv&%"mde?wtsa%%cﬁ‘ﬁmyvfﬁﬁ‘a‘é ‘bfrg‘f%aﬁ’aegraenﬁﬁgﬁioﬁent of the
present irmeesnitged A ashovwn channgat of shectetsi pipcsysinansigremngiardBsIwgenunber
of nodes ila-11n, which are coupled together in a ring configuration by a
segnented interconnect 20 having one segnent for each of nodes 1la-11n.
Each of nodes |la-11n of data processing system 10 includes, one or nore

agents that aFfE@WBuI €6P1Fs Mt sreemieet Eomahmf arerrdde] FraPReIatE R For
node 11la, or BombBredf osspaade drhbsmieted vEach mkpooae shdnhal 1di thé slatancl udes a

respecti Vg JLsPORS e,y AN EJ_LCvaFg%Hg @l dn@gic 12 for controlling the flow of
transactions on interconnect 20 to I1ts neighboring node. Interconnect 20 is

configured to operate as a hi gh-speed, high-bandw dth bus, preferably
operating at aFfgquwsquericyaistathcligptrt off 2 BODeNhErasaEitfed? Fhet éronnect
20 i ncl udgscabsiRasystpertat aighannelinl3ccandn&evwetinla posrehl-of lmbodiaddt ess
channel s éﬁ%}léﬁ;ﬁith ;aLe gagh associated wth a respective one of nodes

. ese . . .
ila-11n such that only agents within an associated one of nodes lla-IlIn

can issue requests on one of address
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Referring now to the drawings and in particular to Figure 1, there
is depicted a block diagram of a multi-node data processing system, in
accordance with a preferred embodiment of the present invention. As
shown, a data processing system 10 includes a number of nodes lla-1ln,
which are coupled together in a ring configuration by a segmented
interconnect 20 having one segment for each of nodes 1lla-1ln. Each of
nodes 1lla-1in of data processing system 10 includes one or more agents
that are coupled to interconnect 20 and are designated A0-An for node lla,
BO0- Bn for node 1l1lb, etc. Each of nodes lla-1lln also includes a
respective response and flow control logic 12 for controlling the flow of

transactions on interconnect 20 to its neighboring node.

Interconnect 20 is configured to operate as a high-speed,
high-bandwidth bus, preferably operating at a frequency in the order of
500 Mhz or higher. Interconnect 20 includes at least one data channel 13
and several non-blocking address channels 1l4a-14n that are each associated
with a respective one of nodes 1lla-11ln such that only agents within an
associated one of nodes 1la-11ln can issue requests on one of address
channels l4a-14n. Each of address channels 1l4a-14n and data channel 13 is
segmented, as noted above, such that each of nodes lla-1ln contains a
segment of each address and data channel, and each address and data
channel segment is coupled to at least two neighboring segments of the

same channel. As indicated by arrows, each channel is also



channel s 14a-14n. Each of address channels 14a-14n and data channel 13 is
segnented, as noted above, such that each of nodes Ila-Iln contains a
segnment oWOeaokeeéatddr ess and data channel, and each addres®cCarcBodasas
channel segnent is coupled to at | east two nei ghboring segnents of the
sanme channel. As indicated by arrows, eath channel is also WO 03/012674
PCT/ GB02/ 03486 4 uni-directional, neaning that address and data
transactions on interconnect 20 are only propagated between nei ghbori ng
nodes in the .indicated dir the illustrated )odi ment,  each
segnent o?lmegéﬁe‘:t&fm ]gdfnganmgh%%a%eﬁé 5 A TE i Saﬁg "6das an address
bus that &oRregsnecy22@dde e ybPIpapatesabatiesh, agiPEdes ¥Gfetht tBF data
channel 13ndisatédplica®iibad as endat audirstéd@anbetineey,s edbh dapoertyy be sach

parall el ; OP%%é@és chgﬁnew's' 1a0820R" 9@1@5&%&1@; ahngaayegyaéussa%eegﬁ,e%

i nterconnect 20 can, alternatively be enented with tg 3 ased or
hybrid i nB2roRpRtPsts I'f BUlufitt |a8ﬂ %"Phs‘?gr‘\“ta’é‘? Sonfidé © %m ath “Brocessi ng
syst em 10ihgismettwdees s debarkdsctimtnedweyndifelgta dypes tihaparedhdingevevesponse

(PCR) chanppe}iiilfs aﬁpﬁéﬂfﬁi:@:ﬁ@hé@%@ﬂ&ﬁuﬁ@egﬁmaf itk erédithedr @aANEA
channel 171ter(1:')1atlv Bek():tl Veie}{neng I(l:aétwgt&a;btasgé o%%&?gq_gtgﬁp é §s

conbi ned ?esponses and B cance 't ze erein,
PCR is defined as a cumnulative response to a request of all agents Wi t hi n
fewer than all innasgsnctapd W tERintsrdefrenedasdatac predeabinve syesgpoa8chaso a

request bypald 51@&%&Scﬂaﬂnél.é H&M@.§ &agtﬁqu§§ﬁgng@rﬂegﬁénﬁekﬁﬁﬁ$) agenks are
able to determne bé r ef erenge toh %B c(:_Lanﬁ tne |97na

associ at ed®widt FOPIFRFREEP ¥ndoPed 8?Pe§n 8961 cala eSS eWannel s°14a- 14n
whet her oresmsictivelys epwiupicatiseradgad stombyach rﬁﬁfc@ﬁéﬁcéoﬂ]@weﬁorﬁpaﬁﬁ%s 2,
there i s depiCtettaa hbOGkoskd)agigniofl asfiupincesSureihata eem ibedaftinkd zedat 0

| mpl ement c&ﬁﬁa%mtfegédy LN dat g%@%lrseco%sgw%g%; emﬂ& fLup Ehgurg1l, in

accordance wth a erred_. nment _of %r esent i nventi ion. Ajlht hough
each agenPeWithfi d‘a?% lspfi?)fc“@@l g 2 TEVSRAT G £ 0889’ ol STRIREEd i Th

pr ocessor agéttss o Ald tedesunder Stovgseh furtherageln. c%ﬁf—‘nﬁé a&??yald]éavtEe capabl e
of suppor tkfgniihe byCoestaHahEatioOthed POk OCR], e esideeds ighe| dnsoAbatedowth a

processor rééues't“&ll %ggé & BLPGRESINdahACollAeKs 32af Oin PROGRSSINGot to
Instructi ggrv1ce tﬁi request

With reference now to Figure 2, there is depicted a block diagram of
a processor that can be utilized to implement any agent within data
processing system 10 from Figure 1, in accordance with a preferred
embodiment of the present invention. Although each agent within data
processing system 10 can be implemented with a processor, it should be
understood that an agent can be any device capable of supporting the
communication protocol described herein. As shown, a processor 21
includes a processing logic block 22 for processing instructions and data,
a communication logic block 23 for implementing a communication protocol
that governs communication on intercomnnect 20 (from Figure 1), and a cache
hierarchy 24 for providing local, low latency storage for instructions and
data. In addition to cache hierarchy 24, which may include, for example,
level one (L1l) and level two (L2) caches, the local storage of processor
21 may include an associated off-chip level three (L3) cache, such as L3
caches 19 and local memories 18, as shown in Figure 1. Instructions and
data are preferably distributed among local memories 18 such that the
aggregate of the contents of all local memories 18 forms a shared "main
memory" that is accessible to any agent within data processing system 10.
Hereinafter, local memory 18 containing a storage location associated with

a particular address is said to be the home local memory for that address,



a conmuni cation logic block 23 for inplenenting a comuni cation protocol

t hat governs comruni cation on interconnect 20 (fromFigure 1), and a cache
hi er ar chywa3pas7provi di ng | ocal, |ow | atency storage for PCRgiBoROS486NnSs and
data. In addition to cache hierarchy 24, which may include, for exanple,

| evel one (L1) and level two (L2) caches, the |ocal storage of processor
21 may include an associated off-chip level three (L3) cache, such as L3
caches 19 and | ocal nenories 18, as shown in Figure 1. Instructions and

data are preferabl tributed anon cal u Jdne

aggr egat egrt?f t}il?\@gg%tntl@?frspogF ekieltw?ocgfle %o%” es J%%?)o%%n% glbcetg? glgln Shea n
nenmory" timasaid tacke e bianet agenty ferydhet AOERETS - daR% SPPHR d8sTHRyTe vt EATHLO.
Her ei naf t @fme LQGR! ndfE ADRMCLY BRI dHcBgs D18t ©F agemirdeaticanlesisord andd Wit h

a particula ddr es i i i o a r LsbOradehatnaddeess,
WO 03/ 0128724 /gés%@g %%aggté%lg %gﬁtéﬁﬁgér%%gg%yg%tgmen t he home

| ocal nenﬁ‘r)}iharﬁfsp?&%reéoq‘ﬂf@étm%rﬁ? said to be the hone agent for that
address. As shown in Figure 2, each honme agent has a nenory map 25

accessi bl e to gomuuni catd; o L*Péiir‘é 23 tﬁaﬁe igaghesbi-&fear £ e dshatodkndi cat es

only what nenory addresses are contain t hg associ ALl ecaI menory
18. " Ref er HA95* AR EEBPYTHE°S, ctgﬁgr% i 50”51 IEjIlﬁlélfer gt e %ifut g?# bl ock

di agr am oforpenixaticatlicghc |29gircizges raomﬁﬁét}u{ﬂ@ntzfoulsogllFIWé’F?‘a?tleda master
comuni cafiRRsk QllhGerddri Hif|fddesoudcimp trediué‘s@ntidalrels@g iteadda@e kord] pn oneast er

addr ess sequencer 32 fo r (a S C ne of
addr ess cﬁ%&ﬁgfsc%ﬂ%elﬁnﬁfro tfggm Fige f% 1) %g%gngitttg% ?a%%%ﬁ%ﬁ%grg 33

for sour cEery sdexcing r%’féa@ﬁn@ﬁ@tﬂé’ﬁsd‘a’f éaE%é'll?ﬁ’éII‘ellé3 | A2oPHEF 1D BRSTr e t hat
each of a@hds[te%&crclaarmﬂr&é%aﬂﬂdlsl seanann B ecki byockimst erasaddraddsess

sequencer 32 of e§9 ALenk ggﬁpl‘ﬂtﬁugl V&I\,—e%o%ﬁdel%;'% g&m@g@ctot ennly

address chahner 14“assocr at node . exa ster

addr ess sedlrere efhagpelofl4 earspcbitedgiitts TRDARAS K- coﬁﬁ’éetfﬁf Fﬁa“irﬁfay "élggr ess

channel 1A@dreaasdeqnemhir BS DfSequlent exgedls ¢fo-Bacly ofnregeedt $oBd1Bnaddyess

connected £ 0, QEN% A LSS ﬁaéaége'se&é&ce@% BRSLRh @ﬂ%eﬁtss socHieREe! 32 of
S

each of agent Nn 1s connected to onl dress channel % n. cer :Izal Lly
al l ocat e G?I}qeici%ﬁ it8n°E AHSES <° h@ﬁﬁ?‘ﬂné‘l‘lg f‘ﬁ‘ B AN R REL FE RS 68
agent s doesit of spete OfNi Citsi nonnedted e onlansddneisenghansehe 4ar blT’Pr BRirdn

allocate utilization of address channels 1l4a-14n and ensure that local
agents do not issue conflicting address transactions, some arbitration
mechanism (e.g., round robin or time slice) should be utilized to

arbitrate between agents within the same node 11.

By contrast, master data sequencers 33 of all agents within data
processing system 10 are connected to data channel 13. Data channel 13 is
non-blocking since the types of data tramsactions that may be conveyed by
data channel 13, which predominantly contain (1) modified data sourced
from an agent other than the home agent, (2) data sourced from the home
agent, and (3) modified data written back to a home local memory 18, are
statistically infrequent for applications in which the distribution of
memory among local memories 18 and the distribution of processes among the
agents is optimized. Of course, in implementations including only a
single data channel 13, some arbitration mechanism (e.g., round robin or
time slice) should be utilized to arbitrate between agents within the same
node 11 to ensure that local agents do not issue conflicting data

transactions.

Master control logic 31 also includes a write counter 39. The

purpose of write counter 39 is for incrementing a write counter field



mechani sm (e.g., round robin or tinme slice) should be utilized to

arbitrate between agents within the sane node 11. By contrast, master data
sequencerw033/0uf674al | agents within data processing syste®CIGRIZO34BoNNect ed
to data channel 13. Data channel 13 is non-blocking since the types of
data transactions that nay be conveyed ¥ data channel 13, which

predom nantly contain (1) nodified data sourced froman agent other than

t he hone agent (2) data sourced fromthe home agent, and (3) nodified

data wri tt baCk L 3 L:' R tYhel§e &£ téatrgg.btsltdncgé lggntnfr equent

h.:Ln a e a acQ:L % %)e
for appli'Cations PR S ch™the di utron o menory anpng | ocal nenories
18 and t heet@iis® [Gfbties oribe Oﬁrl%fe%s%%ldawbhb bepirthee fes T iPeFpititfzed. Of

course, in inplenentations including only a single data channel 13, sone
arbi tration meghanhsmiien fogik %nglé&ghelﬁes :11 iBoSdd 68dresBOsMA rBspdiisk| | zed

to arbitrate between a ensu lsocal
agent s do*¥BE rEsda %??%ﬁ?ﬁg &t ﬁ@cq‘dﬁf &£ ?%%scg%l?l onsiLAllal\/gQ’f1 an%c%%tsﬁggﬁal ogic 31
al so i ncl wekponee whitmelsobhtaod BD. aTHrroppurdess esegbienrdrt 86 (Rt et t39938 f or

i ncrement Lgna1 Wi, tﬁl&%ﬂBéﬁ'&r f:brﬁ:lxglV\fag@glﬁlaéﬂlﬁcega-/tﬁ?)gﬂdc@ﬁﬂ%idr6swﬁbl n a

request transaction befor e uest trans se l.s, of the
wr?t e couht&P ¥ &L "I %5 gnoo esc‘?ﬁ1 %&%u 8 Qe]!‘%G o ﬁ?%%?%n‘% ogl c

23 al so i rededdesfaasrrRypar t&éﬁ?%éieo%lrm’ F%%O@Gﬁs%i@éﬁ%é‘ﬁée’fesﬁn%ﬁﬁﬁ‘éedm?
each of agkliess channehsaddianln sapcbdrodsidebaushcer e$ponise tehrraceisr 16 and

16, a Snoggsseddég %ngcgggali‘eg%?gro§610%qui4ed éx%o@@&acongpginﬂgglcrl-%v& Me§£&0per

control |0gic 34 connected to _snooper addreSs and sponse sequencer 35
and to snb¥pEFRFRCHI SR dHeRTEF IS Whttf &8P OTBL ST Eof ec(?gmﬁ’i‘lcgf TP PERUES
transact i ami,byf snoeperstaddresstimd Pespons@ SRLRReNEBIONSEETGY P%rgséailié a
transacti gghday &%Q@eéo dat aloa@qy%ﬁﬁéns%and k@otd rdAsAaL Lefd 32. passediing

shooper contr EL% érngoé transatcgg?nh r%c(:)enfvlreeh_e nt%g%g %gntpfoqcﬁégsl%s 34 tnB.

transacti 84 ance w comuni catlon profocol and,
i f a requesitinrarmsavpdads, tprodieREEoRY ﬁo@ﬁar BEFNSE @l pysSPrETyY 4% &ancel
signal toytite POdRCSL rmﬁey\m asl sbhewtaentacalod.ogegochb2r epesdilagic Bgon

the type Of ggfﬁgss%%ﬁ ce QﬁigVSF’reﬁﬂQ&o%d Qﬁ@ériﬁlanlsgaflgng’[‘fr@ﬁ)/a deRidd ate an

updatetoa ector ata array of_ cache |er§L\rcy2, a
request queues 37 and data quelues 38, respective

With reference now to Figure 4, there is depicted a state diagram of
a request transaction in data processing system 10 (from Figure 1),
according to the prior art. As shown in step 41, a request transaction is
initiated by a master agent, for example, agent A0 of node 1lla, mastering
a read or write request transaction in an associated address channel, such
as address channel 1l4a. The request transaction propagates sequentially
from node lla to node 11b and eventually to node 1ln via address channel
l4a. After the snooper address and response sequencer 35 of each agent
snoops the request transaction on address channel 1l4a, as depicted in step
42, the request transaction is forwarded to a corresponding snooper
control logic, such as snooper control logic 34, which provides to an
associated response and flow control logic, such as response and flow
control logic 12, an appropriate smoop response indicating whether that
agent can service (or participate in servicing) the request, as shown in
step 43. Possible snoop responses are listed in Table I in order of

descending priority.



wite to local nenory 18, or sone other action. Snooper control logic 34
performs such processing of request and data transactions froma set of
request owowam1874 and data queues 38, respectively. Wth pefTaBossnow to
Figure 4, there is depicted a state diagramof a request transaction in
data processing system 10 (from Figure ), according to the prior art. As
shown in step 41, a request transaction-is initiated by a naster agent,
for exanple, agent AO of node l1lla, mastering a read or wite request
transaction in an associ ated address chappel;, such as address channel 14a.
The request transactl on propagat es sequentl ally fromnode 1la to node 11b

and event ual | F=ro—froge—t Vi a oo S—chammer . 14d. A Ler tne snopper
address and re¢ ¢

transacti on on—adeéress—channel—lda_—as—depieted—n—step—d42—tFe=—rPquest

transaction i S I{Q&gar ded to @ ,cofy @spRNAG Snooper control | ogi cf| such as
snooper contr Todic 34 whiich provides to an associated response and

flow control liogife;sych aS_'%gggml%lame&llggfuedcpl%rpﬂl d pgigidd, an
appropriate snoop res Qnse i hdicat i .ng g at, ag ent gan servjce (or
participate in SEEYVERGT t he TaHUES €3¢ § Hown i h ep 43, Possipl e snoop
responses are|listed in Tabl ¢ seurepdor der of descendl ng priority. (O

03/ 012674 PCT/[GB02/ 03486 7 fabl € I _Snoop fesponse neanin Retry etry
transacti on Mjd$ifared agent holagsnt dgdéstequeiyse iealmsdPRred i ntgrvention
state in cachg fdtefratdied dafateas drem wduhcidaStear bd sgentd hol ds f equest ed
line in a shanegd—inAterventori—state—fromwhtrch—data—cam be—sourcefl Shared
agent hol ds r4qquestad |ine in ageshaeds stegtiestied taehén Howkamgient iF; hone
agent of requgst address Nuljlg.agent, dggs not hold the requested |jjne in
cache and is nat the hone agent

Home agent is home agent of request address

Null agent does not hold the requested line in

cache and is not the home agent

The snoop responses of agents A0-An are then combined by response
and flow control logic 1l2a into a PCR output on PCR channel 15. If during
a determination of the appropriate snoop response, snooper control logic
34 of an agent within node 1lla determines that it is likely to have the
highest priority snoop response of all agents within data processing
system 10, for example, Modified Intervention for a read request oOr Home
for a write request, the agent within node 1l0a asserts its cancel signal
to a local cancellation logic (not shown), which outputs a cancel signal
on cancel channel 17. The cancel signal is preferably asserted on cancel

channel 17.

Subsequently, node lla sends a packet of data associated with the
request to a receiving node that can service the request, as shown in step
44, and node 1lla then waits for an acknowledgement (ACK) signal from the
receiving node before sending another packet of data, as depicted in step
45. Each packet of data is associated with a tag. Node lla must wait for
the ACK signal from the receiving node because if node 1lla sends a new
packet of data right away, all nodes that are ready to receive data could
see multiple uses of the same tag and cannot distinguish one packet of
data from the other. However, the wait time for the ACK sigmal can be
very long due to blocking/stalling along an intercomnnect, such as

interconnect 20.



The snoop responses of agents AO-An are then conbi ned by response and flow
control logic 12a into a PCR output on PCR channel 15. If during a

det er m nawpD®R/0X674 he appropri ate snoop response, snooper @®CWGRIL/0B43gi ¢ 34
of an agent within node Ila determnes that it is likely to have the

hi ghest priority snoop response of all &gents within data processing
system 10, for exanple, Mddified Intervention for a read request or Hone
for a wite request, the agent within node 10a asserts its cancel signal

to a local cangellation |ogic notusset&o )am WM Qhé)"kltoguéa%tiinég:%qgeéat%i gnal

on cancel channel 37 The caAcer” Yi°%S pre era asserted .on cancel
channel 1fromSypydgerenttyin rode A 50 é’@ﬁﬁé"‘ p%ﬁﬂ?e’fh%fiaﬁ%\tla? WRCEEPARET™ Wi t h
the requesi L@ aheebebviaigbacdelldbtdowastrean \oncéty ey regoedt Moadusskown i n

step 44, tz%@%.@%@hir{ ant ﬂ%r@@iﬂe@tf&fnn@éhéﬁckéﬁ)éﬁeﬁdgﬂm aadGdesngnakn f rom
the recelu ng.node iefore Send ug, ML nel, Packeh: ofc9al fucas, dsal sbed I

step 45. EHE B a is assocla st wait

for the Wlﬁ%%mﬁeﬁnﬂ%és? dCBIKR Hgthdde "ﬂ@l?aﬁ%‘-’éY'gb‘f'Fanlslfém‘ée ds a new
packet ofd:dat s rdeghininayr nalié Nooded,t hatther éateefirhyn the rideet viastettahedul d

see mul tlx&ltebgéﬁsfeeélaehebﬁage t»@gb@meca[me&c&ﬂdsumutsrthanaeqa@e:&eas of
data fro ! he O V\? Wi V\% a}gien-%ofcﬂ lt@légkfosrl gﬂf‘cj,h ﬁ&ﬂe lQﬁe very
FPod 91\7 sfaf 'l ng a on ,

| ong due Sn>THt eF conn such | nt er connect
20. WO owmzev&apma@e*z/ma%ends Forh&adPl @ Br1%g>Y i §hﬁsc€8 BY an L2

cache forvumEstiwighotitnodatzo ibrmm albwkfiero wesdii AndoternGaedn nedél MD, Athce
the data éﬁjn'é.ml %Q@QSJ LAy t@QﬁlJ?e)A@s AcheiHat 8y GRBe o shald-etinganastyr@am on

1o vay 10,008, MO 0HR 1 8, i Ald L M hhitA0-Lah ey CanBRcls cRONASLER bet veen

node AO ahth The, it 1S foreseeable that same castout
buf f er wi §aiEnPHEEE - AGOVRESE /i §§%é"aéhdilﬂ‘€rf%d8¥‘%s”’§l<t%ﬁ?ﬂ?, ‘iﬁnt]ﬂe tFeY SHRE t ag

Y, but thés tbrgldching/dastling dlesti thed iftercpmeretNO, SuSh, Pidblemdsdat a from

the firstecastOileands a 99&119%&4&5@%@51@ shade MY ibef@ne héwssecond
cast out he reci pi.ent

0 Ll nQt cheable to
di sti ngw% f6F Wi ch caardce A8 @aggs 0 ?@a aagaglgkl\glélv:ts §ntended. Thus, in
the pri ortlﬁrntsfelf Wete A166T thﬁuﬁlfoéﬁs%r{ghFﬁtr’?Bde AO is not allowed to reset

and start again until an ACK
Tn order to avoid the wait time, a new request transaction according

to the present invention is used. Referring now to Figure 5a, there is
depicted a data structure of a request transaction in accordance with a
preferred embodiment of the present invention. As shown, a request
transaction 50 contains a master node ID field 51 for indicating the node
ID of the master agent, a write counter field 52, a transaction type field
53 for indicating whether the request transaction is a read (e.g.,
read-only or read-with-intent-to-modify) or write request, and a request
address field 54 for specifying the request address. Figure 5b depicts a
similar data structure of a data transaction 55, which data transaction 55
contains a destination node ID field 56 for indicating the node ID of the
destination node, a write counter field 57, and a data field 58 for

containing the data.

In accordance with a preferred embodiment of the present invention,
the number within write counter fields 52 and 57 are incremented by one
each time a transaction request is sent. For example, the number within
write counter field 52 for a first request transaction is "00," the number
within write counter field 52 for a second request transaction is "01,"
the number within write counter field 52 for a third request transaction
ig "10," and the number within write counter field 52 for a fourth request
transaction is "11." Then, the number within write counter field 52 for a

fifth request transaction will be returned to "00."



signal (address-only tenure) is received by node AO indicating that the
i ntended destination of the castout data actually received the castout
dat a packwD.o3sever, the wait time for the ACK signal camCihaBoe0348bong
due to bl ocking/stalling along the interconnect. Such problemis
exacerbated in a really |large processi ng system havi ng many nodes due to
the increasing chances of data bus stalling and the tinme it takes to
transfer data across the processing system In order to avoid the wait

time, a new reguest transaction accordin tot e ent_.invent
used. ReferringnBWHS fg’d?% Wsl ﬁ”éfrlé gco @Epie %{jgg d}éatfgr%btei u(tl:eg%rnggof a
request twmenshbled nomedMm Oémaﬁ@etw tdﬁl%YS Bﬁeﬁfrell?’é‘%fcéﬁ% AeMeching rét

present if&eBtvihinAS d&b@\@ipc@ssﬁﬁgmtemt I &ps ashinole ,50he aninbém of anavest er

node ID fl:ﬂ%g nYthel 8¢ d Bgécge%ts!iﬁ@ %Q@enﬂod.@‘ JRQf n tl@etﬁ@-%h%elaggrﬁmtsa wite
count er f| a transacti on 3 for |nd|g toldgg theal&he

request t‘f”d:ﬁé’étc‘ﬁlfiﬁ FemEeT d481¢ 84g. Thulseoﬂj
r ead- Wi t hddtat prdcesbagrsoitgn) /beg:vir-i t&s rseq]meﬁle I&Wéea Afefifes rithiddrese fiel d
54 for spesintyi rﬂei@%ﬂ ﬁ&&l@)‘ét adiddEes o ftguae fbopematt Ser®orsinae| ar dat a

structur eac?Jor f) t'fhe g&%l of t%é wai gl dat a shéﬁg;%algﬁié}:}oﬁz%ctcﬁ’@tﬁ' ns a

dest i nati BN hode catln the node 1D of the destination
node, a V\ﬁSIuéecbuniI']éﬁF gy OSﬁlt&nﬂltéuHa‘f% £ @vates Hetd Roht FRTHG He
data. In aseeedance with auptef esnes sanbndieneninted Ihergr ddemte Baventi on,
the nunber within wite counter fields 52 and 57 are increnmented by one
each time a transaction request is sent. For exarrglE t he nunbersqvithi n

h

wite counter P dPAi®Fefoln Figvasper dbgedatar PEISHETS §F T SERU5 Y he number
Wit hi n witcudeunt enodpeel tbde211 giiedd $dc bord indippsdng tohanest THPL §h91101, "

the E(I;)mbeé égftt El'laﬂ: Mé\ﬁl%egcﬂ-ﬂét ﬁ:[ghfebglgq:légltfyognfoﬂ hbsgbneg QS keddiaBsachion
is " " and the ny nt.er 0 urth, gyest
transaction 5o of1* %GW gotrhén%ﬁ%mrg VT AT hs %gl%ﬁ%tgénrog%)l% % ?
fifth requestvedansaction will be returned to " 00. " WD 03/012674

PCT/ GB02/ 03486 9 The nunber of bits within wite counter field 52

pr eferably depgnds refQAcL %wn%{:;uzgg sn% and atpe-cdel @-)é‘-&até'l dAHgram of
i nt erconnect connecting all nodes w t hin a,;t ng&esmlp% sgslt)em For
S rom ur

exanpl e, f—}f&%ﬁﬂ-’béfaﬁacﬁbﬂé&n data process:Lng sy

accordance with a preferred embodiment of the present invention. A
request transaction, such as a read or write, is initiated by a master
agent within a first node, as shown in step 71. The address of the
request transaction propagates sequentially from one node to another, as
depicted in step 72. The master agent then waits for a response from one
of the receiving nodes, as shown in step 73. After the receipt of a
response, data is sent from the master agent to the intended receiving
node that had sent the response, as depicted in step 74. Upon the
completion of the data tenure, the write counter field (such as write
counter field 52 from Figure 5a) of the next request transaction is
incremented by one such that the next request transaction will have a
higher write count than the previous request tramsaction. Then, the
process can proceed to the next request state, repeating the sequence of
Figure 6, without waiting for an ACK signal from the intended receiving

node, as it is done in the prior art design.

As has been described, the present invention provides a method and
apparatus for transmitting packets within a symmetric multiprocessor
system. The present invention removes the tagging problem by
differentiating the tag each time a given buffer is used. Therefore, the
buffer can be reused right after unloading the data packet on the bus. By
using the write counter of the present invention, the long wait time of

re-using the same tag can be avoid, and the number of queues (such as a



wi thin the data processing system= 2n, where n is the nunber of bits
within wite counter field 52. Thus, n = | ogl0(nunber of nodes within said
data procweing1xyst em /1 0gl02. As such, the number of bit SCRGHRN3486it e
counter field 52 may be adjusted to provide an optinmal performance
according to the length of the interconmect, such as interconnect 20 in
Figure 1. The nunber of bits within wite counter field 52 is preferably
updated by a wite counter, such as wite counter 39 fromFigure 3. As

indicated in § data _structure of n O.odcngllides a
snooper nTR¥E" ?ngPg?ﬂs6Yl? P R &t n g TREI S8 $%£§'§%ﬁ% S%%ént f hat
provi des pdvenhigjiEstedycpdrity snoop response yet received, and a response
field 62 for indicating the highest priority snoop response yet received.

Wth r tef ter encerftQLq\é/ 3TN Ehgél{t@.oﬁ hatshﬁéé?l b§rtqt%9!.é§rtlgdsl%mﬁlt ahe adkaghamafch a
reques ransaction in sing syste in

accor dancehFF EH % tBraefpécF?eerdfegn% di ﬁ%en% %/t ﬂ ]b eé%%egg}%/%%%%#e request
transact i ®fllsdicir be &rFcdRtoraiiore echapges ﬁPt f%FP‘eﬂnq)feﬁaHag‘f‘%rbe

wi thin a fidrein Madacoutasesdiringi frogt & édirithenddders 9fofhe heventeqwest
transacti on propagates sequentially fromone node to another, as depicted
in step 72. The nmaster agent then waits for a response fromone of the
recei ving nodes, as shown in step 73. After the receipt of a response,
data is sent fromthe master agent to the intended receiving node that had
sent the response, as depicted in step 74. Upon the conpletion of the data
tenure, the wite counter field (such as wite counter field 52 from
Figure 5a) of the next request transaction is increnmented by one such that
t he next request transaction will have a higher wite count than the

previ ous request transaction. Then, the process can proceed to the next
request state, repeating the sequence of Figure 6, without waiting for an
ACK signal fromthe intended receiving node, as it is done in the prior
art design. As has been described, the present invention provides a nethod
and apparatus for transmtting packets within a symetric nultiprocessor
system The present invention renoves the taggi ng problem by
differentiating the tag each tinme a given buffer is used. Therefore, the
buffer can be reused right after unloading the data packet on the bus. By



using the wite counter of the present invention, the long wait tinme of
re-using the sane tag can be avoid, and the nunber of queues (such as a WD
03/ 012674WB@3hCEARL/ 03486 10 cast-out buffer) within a nodeTiGB02834851 Ny
data ready to be sent can be potentially reduced. Wile the invention has
been particularly shown and described witth reference to a preferred

enbodi nent, it will be understood by those skilled in the art that various
changes in formand detail nay be nade therein w thout departing fromthe
spirit and scope of the invention. W 03/012674 PCT/ GB02/ 03486 11 CLAI M5
1. Anethod for transmtting packets anong processing nodes within a data
processi ng system wherein said data processing systemincludes a
pluralitys of pkeeessd FgrnOEdasmnanng gaeket0 akach poddresing acdes Whtleircennect ,

said met hes atcgmegi{gg sybtlnl, | Aid-0n %ali QRS pidBBEAG! LS ARSIt er node
o a plurality,  of receiving nodes; generatin ite counter o be
associ at e WAt s 8F cP’?Qé’&fI%lé‘g 199eEng F%%‘ftc?e%ecl% vcl\gg]hge ra"'l(:aoléll ilﬁjé:gmrj%%%%%’se

f r om sai dsaidceethodgeowpdésidsy said master node; sending a data packet from
said nmaster agent to an intended one of said receiving nodes according to
sal d conbi nEd_ [83R0S aaﬂa%uégll. e hd 08 i Bn VN L AHESd: hb@N$8Ce ip@0raidkong
wth a newwite counter nunber, imedi ately after said data packet has
been sent°af@HerBPe*IHE’ recei pt of an acknow edgenent from said intended
receiving node. 2. The nethod of Claim1, wherein said generating step
further includgsmergeney atwiigeacdi@vervmuinber avnbe rspoiberd othemadh reagaest
transacti 9:?&ns§cti-gﬂ‘? met hod of Caim1l, wherein a nunber of bits within said

wite counter nunber = | oglo(nunber of nodes within said data procesing
systenm) /10g102. 4. The method of Claim1, wherein said data processing
systemis a receiving a combined response from said receiving nodes by said

master node;

sending a data packet from said master agent to an intended one of

said receiving nodes according to said combined response; and

initiating a new request transaction, along with a new write counter
number, immediately after said data packet has been sent and before the

receipt of an acknowledgement from said intended receiving node.

2. The method of Claim 1, wherein said generating step further includes

generating a new write counter number for each request transaction.

3. The method of Claim 1, wherein a number of bits within said write
counter number = logy, (number of nodes within said data procesing

system) /logi2.

4. The method of Claim 1, wherein said data processing system is a

symmetric multiprocessor system.

5. An apparatus for transmitting packets among processing nodes within
a data processing system, wherein said data processing system includes a
plurality of processing nodes connected to each other via an interconnect,

said apparatus comprising:

means for initiating a request transaction from a master node to a

plurality of receiving nodes;



symmetric nultiprocessor system 5. An apparatus for transmtting packets
anong processing nodes within a data processing system wherein said data
processi /yoyp®I®m i ncl udes a plurality of processing nod@sTaGBWROsBed t O
each other via an interconnect, said apparatus conprising: neans for
initiating a request transaction from al2raster node to a plurality of

recei ving nodes; WO 03/012674 PCT/ (B02/ 03486 12 neans for generating a
wite counter number to be associated with said request transaction; nmeans

for receiving a conbined response fro Ld.r Vi.nq,N9des.;BVeq SALA naster
node; neans fd&F® %S?r FSTEEY a“f:rl%(% %oilg#ngrséﬁ érfalstger agent to an

i nt ended sohe xsusH Grﬁ’é‘%f’éitwrhg nodes according to said conbined response;
and nmeans for initiating a new request transaction, along with a new wite

count er nu”bermeahmql ad i yidf befonbahsh %Eﬁor&ackﬂﬁn Basd b@@eﬂwﬁﬁ@tnoﬂﬁd by
before the, receipt of. an acknowl edgenent from said intended receiving

node. 6. °Tfid Héaﬁﬁara(’de of Claimb5, wherein said generating neans further
includes a wite counter for generating a new wite counter nunber for
each request tieansailri sendidg alldetappakett dzowfsadi aiast & aghef éon2d nunber of

bits wit mn@eﬁcﬂ'!ddoﬂ\g IdrCsa O YEL R AY HBBEs TckogliagntyTheid eomphdas radpohse; sai d
data procesing systenm) /logl02. 8. The apparatus of Claimb5, wherein said
data proc&Ssing systemis a symetric multiprocessor system

means for initiating a new request transaction, along with a new
write counter number, immediately after said data packet has been sent and
before the receipt of an acknowledgement from said intended receiving

node.

6. The apparatus of Claim 5, wherein said generating means further
includes a write counter for generating a new write counter number for

each request transaction.

7. The apparatus of Claim 5, wherein a number of bits within said write
counter number = log,(number of nodes within said data procesing

system) /logie2.

8. The apparatus of Claim 5, wherein said data processing system is a

symmetric multiprocessor system.



