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CENTRALI ZED SNOOP FILTERING Field O The Invention The present invention

pertai ns field of conputer systens. More particul gr hi
i nventi o\r):}()goez?lpgllzns to the field of perform ng snoop opergjtcll%%sgulaﬂ’g

mul ti-node. conputer system Back round of the invention Cache coherency
is acritical elenment of any conputer system In network server conputer
systens, nai nt ai MEGODRCHARPORETETOR CRNTRALIZED SUOPR FILZEKNGuUe to the fact

that a 10 typical network server .ingc uc}es nul ti pl e processors working out
of nmultiple caches. Sone con@f—éz—%—éﬁ%ﬂ‘ 14, Of, U%8e based on a nodal
architecture ere_sever I I ?qqg I es; a bl ock
of system marrgﬁr} %/p%z?)eﬁlgfqv%rﬁ{me]I%g?a(r}fg%@a{e%ﬁle&gggh%g@gg}%% ‘em ‘rﬁd’g‘ﬁ'Cfﬁﬂ ‘ude

nul tiple tﬁh@ﬂ%midnr};ezlaaihmi tE@ﬂieI@B%&_’rfoﬁMﬁé §1Bop bper@idden 4 AulfiBiopg ai n cache
|

coherency, snoop filters are 1 ncl uded 1 n each node. This architecture

may bé rebmptitedsyktemas a di stributed snoop architecture. The snoop filters
for each node track cache coherency protocol state information for all
cache lines currently cachedackergnyd efthe fasentierie’ s processor caches. A
popul ar cache coherency protocol is the MESI (nodified, exclusive, shared,
or invalid) padesorenc2is 4 qritigaldicsieni dfuneconepvbr pystant intmeletodk ervephen one
node wi shes to read a |ine of data froma nenory location, it first nust
ascert ai rompathwsteas) yna@aihig icscht behesypsy Bmdiffisulatagodyy to the fact that a
10 typical network server includes multiple processors working out of multiple caches. Some
computer systems are based on a nodal architecture where several processors, their cache
memories, and a block of system memory constitute a node. The computer system may
include multiple nodes.
In a typical prior system, in order to maintain cache coherency, snoop filters are
15  included in each node. This architecture may be referred to as a distributed snoop
architecture. The snoop filters for each node track cache coherency protocol state
information for all cache lines currently cached in arfy of that node’s processor caches. A
popular cache coherency protocol is the MESI (modified, exclusive, shared, or invalid)
protocol.
20 In a distributed snoop architecture, when one node wishes to read a line of data
from a memory location, it first must ascertain whether any cache in the system has a copy
of that line of data. It is possible for several copies of the line of data to exist in caches
from several nodes and the copies may be cached in any of the states allowed in the MESI

protocol. In order to determine which node has a copy of the line of data and in what

25  states the line has been cached, the node wishing to read the line of data must query the all




“of that line of data. It is possible for several copies of the Ian eERdAN8

)

to exist in caches from several nodes and the copies may be cached i n any
of the s owed in the NM SA protocol. In order t LALpe which
node has“gsgggﬁ&%f the line of data and in what 25 stateg) éﬁﬁghgghas been
cached, the node wshing to read the Iine of data nust query the all ,1 13
FEB 2005 Q2/t7102 1>CTi USO t 12506 .1 of other nodes. T | nodes
roust be YoHEr B ‘%Vihm% bRslss Gshbe g & H b ﬁ%?e%a@%mx%gﬁg%g%hed t he
line data in question. This results in a waste g qu bﬁndmjdtq and creates
undesi r apiokcashied timliay €ath Batregion. THE Feuten aVgEEREbHs DARBYIABALERYES syst em f or
mai nt ai ni ng cache coherency involves the use of snoop 5 directories. In

t hi s ar chindesieblesystaaererhrad endineisassy teafy.menory i ncl udes a snoop

directory. The snoop directories track information for all cache activities
i nvol ving menforothel pdatsyoas fdracattadingtachh asherrodeinv@egsthasyse 6bsndPr ect or y
tracks whi ch nodes have cached lines of data fromthe snoop directory
node' § s\hideeticeR MR s adifltealus) cdch acdeswitinsyswi edmay atckgestasosep | | nes have been
cached. Thus, with this distributed directory 10 architecture, when a node

(the "reqiRsbiynd'he RREIHD)dik @S rabRinf@REd P acARMIYititaadliien | ocated at
anot her node (the "honme" node), the requesting node nust contact the hone

node who Wcﬁﬁti&rﬁ%c‘ﬂeﬂ%F&&rn%de.-réh%h%dﬂ@&&yﬁr@@@ WHEhUREesIAGOP T equest s
to any nodes “that have cached copies of the nenory lines in question. The

vari ous nodes NSl £ ESPAN. HAE k8ol NEOBE R ARSI G gy node can

t hen provi € reques tot ‘equest 1 ng node. The steps of
hé-hone n

Lk ¢oBHESAAR HhE HerF, AR g, EEN, WOERATE Apeuggps oot 1o the ot he
10 architecture, when a node (the “requesting” node) wishes to read from a memory location
{ocated at another node (the “home” node), the requesting node must contact the home
node who consults its directory. The home node then issues snoop requests to any nodes
that have cached copies of the memory lines in question. The various nodes then respond
back to the home node and the home node can then provide the requested data to the
15  requesting node. The steps of first contacting the home node and then the home node
contacting the other nodes for snoop information can result in undesirable system -

overhead, particularly in computer systems whose nodes are coupled together viaa

switching device.
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“overhead, particularly in conputer systens whose nodes arc coupl ?%gﬁtm@;
via a switching device, 20 1 8 FEB 2005 WD 02/ 17102" PCTI US01/ 2- 1-Bri

Descripti of _the Drawi ngs The invention will be understg re fully
fromthe %Pﬂ”l% description given below and fromthe a%@&”%@(ﬁ??%fg

drawrigs of enbodi nents of the invention which, however, should riot be

taken to Iimt the inventiQgn to the specific enbodi nents described, 5 but
are for e@ﬁm{%ﬁé@%&di ng only. Figure | is a block diagram of
one enbodi nent of a systemincluding several nodes coupled by a sw tching

devi ce wher e Lhg, Syl el AR ARV Lol B AP 580 SRUCLAL BRORRIE bhkfr . Fi -urC

2 is a block diagramof one e men a systeminc I ng-several nodes

tD 9 couphgghylyd k¥R EMLEApAYind AVAWiERS oYRERI RN 1Ake hfdniosWhickhi ng devi ces
inch-ide a centrat 10 snoop filter. Figure 3 is a flow diag-ram of one

enbodi nentowdved sitildiod bk adicep ex it the gy edticine tp speyfe eenbadinregtsdecahtd,al snoop
filter located in a swtching device. Figure 4 is a flow di agram of one
enmbodi renbutafe far erpdanadorf and lﬁagf?rﬁt@ﬁdﬁgﬂjﬂ}a read transaction including a snoop
slnoog)iafi lter | o]cbat ed ng a sw tcnlidp 15 device. 1 8

cycle using a
Y J odiment of a system inc several nodes

.entr al
FEB 200,E W OF-C'&‘Fﬁibazb ock diagram ol one en
coupled by a switching device where the switching device includes a central snoop filter.

Figure 2 is a block diagram of one embodiment of a system including several nodes
coupled by two switching devices where each of the switching devices include a central

10 snoop filter.
Figure 3 is a flow diagram of one embodiment of a method for performing a snoop
cycle using a central snoop filter located in a switching device.
Figure 4 is a flow diagram of one embodimcr;t of a method for performing a read
transaction including a snoop cycle using a central snoop filter located in a switching

15  device.




"PCl /US01/2"51h 1 Detailed Description An exanpl e enbodi ment of % §cdhBuf@ih
systemutilizing a central snoop filter includes several nodes coupl ed

t oget her \)W)‘?b/?ﬂﬁ%"’i tching device. Each of the nodes may 5PE19);[)L5H191§0‘)51€V€ra|
processors and caches as well as systemnmenory. Al traffi¢ fromone node
to anot her | akes place though Inc switching device. The switching 'deice a
snoop filter that tracks cache |ine coherency information for all caches in
the conputer system The snoop fipelfed Dascrdftioheast enough entries to track
the tag addresses and state informatiron for all entries in all caches in
all of the sysjgpls,Nod&Godihdht BEM AR, bR tdnlRillAR l@n@dnsthpdhier | Nf Or mati on,
the snoop filter stores information indi'cati ng wiich of the nodes has a
copy of each .cache line. T n £l r i snoop
transacti Ons d'i;srs(%‘r'ﬁra]b“eol9 %gcoﬁglrg? %ggng% "'élatzJ Jr\f'g{&}e]gﬁtd%g? e'c}% Cﬁgfﬁ%gﬁchﬁﬁp a copy of

t he subpject cache |ine, thereb redyci ng system overhead,. reducing traffic
acrossP t hlé“’]é'g‘éfeéﬁ‘ial WP&‘?SEO(Sﬁﬂ‘é’(?f“YhBﬁ%Ss”ééjfaségﬁelxf’?ée&'l?@f' ”Fﬁ@cgﬁﬂh"ﬁf of gti ne
required to performsnoop operations. 15 One epbodinment of the central
snoop fi | ke igpnophes dakenplycgiirapgh (B SYIHFEIMGESY Chr HioWBIcn e FRHECSROUE fil ter in
this enbodi ment tracks whether a cache line is invalid, shared, or

nodi fi ed/ swep Giléntkat tipks chefiellinpEsrerepeyoinBenptionsfos yheshesdey theicompEcc aches

| ocated at the various nodes- Qther protocols may be used so | ong as

t r ansact i gsemafThakhoopfiiltehims eblckst enpugiagdnessiodraek bo tagiaddresses amdiGtaBecause t he
central snoop filter is inclusive of all caches at all of the caching
agent s, antaehdonfoageattrishoall chchatin hihvitha sysoqy's ofdes madtigioh tathe tagat 1 s not
present in the snoop filter. If aline is evicted fromthe snoop filter it
) must th? %ﬁh%fa_&dnfo&:ﬁﬂﬂi&nbﬂic@%him&r st@gemiosmafiordinticithe windest thhmtestant ai n a
copy of the line.

a copy of each cache line. The snoop filter serves in part to keep snoop transactions from

being performed at nodes that do not contain a copy of the subject cache line, thereby
reducing system overhead, reducing traffic across the system interconnect buéscs, and
reducing the amount of time required to perform snoop operations.

15 Onc embodiment of the central snoop filter utilizes a variant of the MESI protocol.
The snoop filter in this embodilﬁent tracks whether a cache line is invalid, shared, or
modified/exclusive. The full MESI protocol is supported at the caches located at the

) various nodes. Other protocols may be used so long as transactions at all of the caching
. agents are conéistent.

20 Because the central snoop fiiter is iriclusive of al caches at all of the caching
agents, a caching agent should not have a copy of a cache line that is not present in the
snoop filter. If a line is evicted from the snoop filter it must be evicted from the caching

apents of all the nodes that contain a copy of the line.




©1 8 WO 02/17102 PCT/US01/ 25061 The snoop filter tracks which nodgsy e 2805
copy of a line by using a presence vector. The presence, vector 'is a field

of bits gch bit in the field corresponds to a pagticgithdssoppde.
i nst ead %@ﬁ%ﬁgg%tor field, alternative enbodi nents are pggsﬁgle Ss?ng

different snoop filters for each node. The snoop filters are located in
the switching.devices. and are . the n e snoop
Filter or snogngPT?gvtrW% '%@d?nggﬁgﬁﬁgﬁséﬁ%ﬂhkﬁg#gﬁéé??g?ﬁpsnoop filter
entries apply to one node, .other tries a 1 t her and so on
Fi gure | Ye§10h Hheugsencgivagrdit g?ldé’?g%‘f@% F%E:bﬁgfﬁaﬁﬁqgﬁgnf? &8\% 3ea B, and node
C~ 10 Node A may multiple processors |abeled 105 through L. Node B may

i ncl ude rR3ticBr Bodsr ocessors | abel ed 115 through M Node C may i ncl ude

mul tiple processors |abels 125 through N. Node A al so in¢|ludes a node
control circuiltsterd2f avestoa fibldodlernative eykadinsntearbpersibisasinggdieraat a so i ncl udes
a node control circuit 112 and a block of systemnenory 114. Node C
further isnedpuiiless for paptl @odeoThe sloopifiitersiare 1b@@eddn thegwitklorkdeyfces H1ds3i&t em nenory
124. The processors of nodes A, B, and C include caches. Nodes A B, and C

are each r@etBleasdntrQiydocaittit Th sngorslaléree sddP filidhenagt iroflementeddweh that 130
i ncludes a central snoop filter 132. An input/output hub 140 is al so

coupl ed te@rtait Bigoop Ik CEHRY aflfY ioChe h3db, othBEentiaubpig s Mdthemtde, 14@ somy al so
including .1 cache. The snoop filter 132 includes enough entries to track

the tags, state, and presence. information 20 for all entries in, al
caches in all of the system s nodes, including the processor caches and

Figure 1 is a block diagram of a system including node A, node B, and node C.

10 Node A may include multiple processors labeled 105 through L. Node B may include
multiple processors labeled 115 through M. Node C may include multiple processors
labels 125 through N. Node A also includes a node control circuit 102 and a block of
system memory 104. Node B also includes a node control circuit 112 and a block of
system memory 114. Node C further includes a node coatrol circuit 122 and a block of

15  system memory 124. The processors of nodes A, B, and C include caches.

Nodes A, B, and C are each coupled to a switching device 130. The switching
device 130 includes a central snoop filter 132. An input/output hub 140 is also coupled to
the switching devicé 130. The input/output hub 140 may also include a cache.  The
snoop filter 132 includes enough entries to track the tags, state, and presence information

20  for all entries in all caches in all of the system’s nodes, including the processor caches and
the input/output hub 140 cache.

An example of a data read transaction to a line of memory that is not cached in any

of the systcm’s caches will now be discussed. For this example, node A is the requesting




“the inputJoutput. hub 140 cache. An exanple of a data read transagtdlﬁfﬁgg @/
fine of inernory that Is not cached in any of the systenlis cache i g

be di scugsed. r this exanple, node Ais the. requestin - Qp,1 8 Fora
2U WO ()g*/ﬁ‘i‘g"‘“igg t' Cl'/USOL12506 1 node (the node i ssui nS’CtE%‘ES“?@aﬁl

transaction) and node Cis the hone node (the node that includes the

Do oL R AL Ao DSBSl eyl | SSLECS o

read req Vi C € shoop er 132 then
perforns a | ookup qperation to deternmne if the |ine.,of addr essed
by the reaeludesGRrRrtionRs %@ﬁ”@”@ﬁ’cﬁqgﬁssﬁ? g)ét'w rfﬁ% rf%’(%ﬂﬁo@oéign‘ﬁmgaor C or at
the inputloutput hub 140. Wile the_snoop filter 132 .is p rrorm' ng the

| ookup opestieiesst totthesvsighing drvier B8viTesnpep fites|jedhey Pgl"g%rgﬁﬁj?ol V8 nmenory
read to node C. The switching device 130 includes nenory dgcode circuitry
that al | apasatip to detetminsrifihn Enawfiredman ertsiresseddey thyreatigr s SBE °HY t he read
request. For this exanple, the snoop filter |ookup indicates that the |ine
of merfor ycaalsd neasead thynddeeA yBad C OI@ttheql@etéQm}i‘Jlghrfh)[)‘*()eéi‘élh@dh?%‘im%y of the
sy'stem s caches. The sw tching device 130 delivers a snoop response to
node A anfltenll 0ispeifeisniag e akyp sreadion,ahd swintkinzakvitol 3Gatees@ spplativesponse to
the nmenory read confirmation, node C delivers the requested data to the

SWi t chi Ngn@edH, 6@ d 13 Rede T ETIRVIWGEKThH @evele B 6 énchidids mbreory dedoidv ersrithhtbalr equest ed
data to node A Because node Ais the only node that has cached the

subj ect %Sasit'ui BEermtiREWR R ARiefid bl addRsskd Dy MRy kel rtduesteMbs tisf or this cache
line as "exclusive" and the presence vector is set to indicate that node A

) has a COpeXar%{)le:[ tgg sr?o%%%el f.og'lgrp indicates that the line of memory addressed by the read

10 request is not cached in any of the system’s caches. The switching device 130 delivers a
snoop response to node A and also sends a memory read confirmation to node C. In
response to the memory read confirmation, node C delivers the requested data to the
switching device 130. The switching device 130 then delivers the requested data to node
A. Because node A is the only node that has cached the subject cache line, the snoop filter

15 132 marks its entry for this cache line as “exclusive” and the presence vector is set to
indicate that node A has a copy of the cache line.

An example of a memory write transaction to a cache line shared between two
nodes will now ‘bc discussed. For this example, node A is the requesting node and is also
the home node. In other words, node A is writing a line of data to its own memory. Node

20 A begins by issuing an invalidate cycle to the switching device 130. The snoop filter 132
then performs a lookup operation to determine which nodes have copies of the cache line
and also to determine in which state the line is cached. The lookup operation in this

example indicates that the cache line is “shared” and that nodes B and C have copies. The




*An exanple of a nenory wite transaction to a cache |line shared,kb tﬁﬁn t wo
nodes w Il now be discussed. For this exanple, node A is the redques 92095
node andvbéo?lﬁg t he hone node. In other words, node Ais witing a |line
of data t0 ¢4 '8%n nenory. Node 20 A begins by issuing anpq{%‘f’fzdgﬂ‘e cycle
to the switching device 130. The snoop filter 132 then perfornms a | ookup

operation to determn i ch nodes, have copies of .t cache lLine and al so
to deter nPKEehing icf:ﬁ%r\tl’\'gff ES"tﬁﬁg‘v?eli‘%Ee GIY‘SIBS(:%@H%&.B "*Fﬁe&f%%%ﬁg ag%te:r ation in
this exanple indicates that the cache line is "shared and that nodes B
and C hav&Sedidivet! snqprorespogsepsiggals god eW@SUé?“iﬁﬁﬂﬂ%&%? 1T A 5R8) 1

swi tching device 130 then issues invalidate cycles to nodes P) and C. Nodes
B and C FesRqysnitd nare A te poppiete Espansastian ghigsrooanidtet hgmoMao¥niteidifig devi ce
130 delivers a snoop response to node A to conplete the transaction. The,
snoop fi | Adwes 8 2nlyerpsdioiwscachrdinepod that the Hasis tithbe Senclpsivopipddiedt satecache | ne
and that the line Is in tht~ "exc | us iveh riod | lied" state. 5 An
exanpl® of a remekamypdd & atreadayéletck frh@difiedt aghe lihé widl nomi bd disrossedeFai scussed.
For this exanple, nocle Ais tht rc(lLIeSt [|Iode, node B 1S the nOdc that

has nodi fin@dxbihleCty AGE thelrftRies A6HE nbder®isitite pde dai 1013 modified itocley of i s t he
]ionic node (the node whose biock of system nenory includes the nenory

| ocati on ®eEsfs AR qalstioR, 4h8RodeAC ahd Ade) nodDNRBEaode WHo@ Bibck dib@tdnf ansact i on
by issuing a read re"quest to the switching device 1.30. The snoop filter

132 10 pefl b5 hnduded H ithodPPREAoh CBrriMIbd dngl b reDWbHaREN MM W 28ink 30 1 SSues a

specul ative nlory read to node C. The result of the snoop tilter | ookup

28 sy RS e BB Ry fltoe et i o (o
S nOOpI 0r €s c?fg?n?s 531 fo%’ﬂ% c\)’;\J/ic:t'anorE vr\]fﬁilcntgg iS\Llth?lgngdC%Li%é lﬁ?sugﬂ Ep%mlg'tg/c memory
read to node C. The result of the snoop filter lookup indicates that node B has a modified
copy of the cache line. The switching device 130 sends a snoop request to node B and
node B responds with a snoop response along with the modified data. The switching
device 130 then delivers the snoop response and the data to node A and at the same time
15  delivers the data to nede C so that the system memory can be updated. Node C then
signals a completion to the switching device 130 and the completion is forwarded from the
switching device 130 to node A to complete the transaction.
It is possible to use multiple snoop filters in a system in order to provide sufficient
snoop filter throughput and capacity to meet system scalability requirements. In such
20  cases, different snoop filters keep track of mutually exclusive set of cache lines. A cache
line is tracked at all times by only one snoop filter.

Figure 2 is a block diagram of a system including node D, nodc E, and node F and

also including two snoop filters 232 and 234. Node D may include muitiple processors
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“device 130 then delivers the snoop response and the data to nOdeJQ%gE§B§§Q5

the sane tine 15 delivers the data to node C so that the system

be updated. Node C then signals a conpletion to flic smﬁthk@g7%gvice 130
and the ¥&Y('ét%on is fonvarded fromtile switching devifé&' B86X%  node A
to conplete the transactil. It is possible to use nultiple snoop filters

capaci 1y Berl estanh G Ry el Pl eefens Horlsh Sl YR e ™

different_snoop filters keep track of nutually exclusive set of cache |

| nes. A ciede mpy inglugemulfl ’éli’é‘?fe%?f’rsd?qutz?ﬁggo%i}/ Roryﬁ e%‘ﬂsqsﬂﬁlﬁf)esfal iter.
.Figure 2 is a block diagramof a systemincl udi ng node D, node E, and node
F and al mde corgiolicironiy 2ﬂ2ml%bigwffsvatqnemgmszla@oénHog@i?Bwbldﬁﬁ M9 | FI Ol UL1C
Multiple PrOCCSSA -S "' O 02/17102 t' CTJUSO 1/2-5,001 | abel ed 205 t hrough P.
Node E megpniroladirenie? Huntl i ploek pf sysessoemsory abk| Maetle F1f§rihdninslugss ©podeNode F nay
include multiple processors |abels 225 through R Node D al so includes a
node contdoatrolQirtsit212 2302 bhrl ofisyelcoakennfry 834 t Bmpreawpy of @ddcs Nodear®'  al so

i ncludes a node control circuit 212 and a bl ock of system nmenory 21 1.
Node F f urtPRhe éddkdsudes a node 5 control circuit 222 and a bl ock of system
menory 224. The processors of nodes D, E, and F include caches. Nodes D,

E, and F are gagh Iﬁ,%'Qb@ﬁaFc%aérN&]giaB REVARNinE 8ev3 3030 REd akS & satcling t chi ng

devi ce 240. The switching device 230 includes the central snoop filter 232.

An | npUtJegiilzg %—H} ﬁl%gwﬁél(?ngjt%vgéj%g() fFﬁngésqqc Eeﬁtr&l@ﬁocﬁ)\’\ﬁﬂcﬁ: hingadevice 230 as

wel |l as sw Tc¢hing evi e 1 nput/out put hub 250 may al so incl ude

: he. .Th i ing. devi 4Q, | d . S 242.
SR ORGSR st g hosberhale hea 1o

O couple

10 device 240. The input/output hub 250 may also include a cache. The switching device
240 includes the central snoop filter 242. An input/output hub 260 is also coupled to the
switching device 240 and also to switching device 230. The input/output hub 260 may
also include a cache.

The snoop filter 232 includes enough entries to track the tags, state, and presence

15  information for half of all entries in all caches in all of the system’s nodes, inc!ud_ing the
processor caches and the input/output hub caches. The snoop filter 242 contains entries
for the remainder of the system cache entries. In one embodiment, the nodes D, E, and F
interleave their accesses to the switching devices 230 and 240 on ém alternating cache line
basis.

20 Figure 3 is a flow diagram of one embodiment of a method for performing a snoop
cycle using a central snoop filter located in a switching device. At block 310 a read

request is issued from a first node to a switching device. The switching device includes a
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swi t ching device 240 and al so to sw tching device 230. The input /10 t PEB fuak
260 may al so include a cache. The snoop filter 232 includes enotigh enfries
to track s, state, and presence 15 information f Mf al |
entries i“%’l a {?@aches in all of the system s nodes, incl 3{5 ng R
processor caches and the input/output hub caches. The snoop filter 242

contains entries f emai pder j n one
embodi meng P e dleh i SRy IS b by R R AAG R, SRk o]
swi t chi ng, devices 230 and 240 on .an alt.ernating,cache line basis. 20
Figure 3 fogated maggrone 2g¢s Bfmaﬁgaéﬁ%SMF%%ﬁ?qﬁgdﬁgﬁ%ﬁﬁ&ﬁgf%we%Erforning a
snoop cycle using a central snqop filter located jn a sw tching device. At
bl ock 310 a rdagre ¢ squlbay dingramod gerrhodimeat 954 1ethofige PerPrRing ' €hi ng
device. The switching device includes a 8 HEB 2663 WO 02/17 102 P CT/ U S O
1/2 5 0 etransation pichudingagpoopayclpngiaka gabalsnegrolbisT facpied in 2 H¥kaPei s per f or med
to determ ne whether a cache |ocated in a second node has a copy of a
cache i néevisor AeblodndliOng read reqhest rsesded feqpu e §itst nikledeip ewiching devidedigt di agr am of
one enbodi nent of a method for performng a read transaction including a
snoop cycheludsianagopdileenTicatadsge if addrasedltoe atemdryalosation ddviated a6z devi ce. At
block 4 10, a read request is issued froma first node to a switching

devi ce t hatondindad. Uskdsock 420@6fbdpifllfeLibokupliepdraded ehjltegtthd smaddreessed to a
menoryl ocation | ocated at a second node. At bl ock- 420 a snoop filter

| 0ok- up i§odresshalpRaiavid heméry rédddetSiols lids@edtfidiBthabwittiftlevid@o thespecul ati ve
menory read fetch is issued fromthe switching device to the second node.

) Bl ock ]fl405ew?.qin8@é otV ihdicatdd®hat HARboY K8 1dRAKadidihiflgtRk BenNRS of hat the

line o

10 memory specified by the read request is cached at one or more of the nodes, then a cached:
line algorithm at block 450. Examples of this type of algorithm are discussed above in
connection with Figure 1. Block 440 also indicates that if the snoop filter lookup
determines that the line of memory specified by the read request is not cached by any of
the caching agents then at block 460 a snoop response is delivered from the switching

15  device to the first node. At the same time, at block 470 a2 memory read confirm message is
delivered from the switching device to the second node. Finally, at block 480 the fetched
data is delivered from the second node to the first node through the switching device.

In the foregoing specification the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
20  modifications and changes may be made thereto without departing from the broader spirit
and scope of the invention as set forth in the appended claims. The specification and

drawings are, accordingly, to be regarded in an illustrative rather than in a restrictive sense.




© 10 menory specified by the read request is cached at one or nore of t?gg 20

B -

nodes, then a cached Iline algorithmat block 450, Exanples of t hiks Bt

al gorith i scussed above in connection with Fi-gure . 440 al so
i ndi cat e?"?ﬁzzlﬁ%’?f the snoop filter |ookup determ ne that }?E@gﬁﬂggﬂof
menory specified by the read request is not cached by any of the caching
agents then at ock .460 a _sno espo 15 .del v . Fye) swi t chi ng
15 device to t%%eﬁ‘efmfeslf‘ gﬁosggflﬁcf&g 8'% {?e%ggﬁn?%ﬂlﬁthe&efﬁ {bg)ﬁlg%&eﬂ%gg menory read
confirm nessage is, delivered.fromthe sw tching device to the second node.
Finally, 5’1‘{"1351?’8‘6125’43’0 Off}?ée?lg?dérﬂgﬁs "Eieé‘f‘%\t?'\f{\gsa pd’gﬁu\%‘é?egﬁ"?’ rsté‘f‘ﬁ? " second node
to the first node through the swtching device, In tBe foregoin

speci f i cathamsteripés desgist imeprRertion @ thesabrmegisi toplv @r‘@ﬁbﬁ%&s "ge specific
exenpl ary enbodi nents thereof. It will, however, be evident that various 20
nodi f i cat erobnsliragnds, bhtanmyasceaiyipd eppadimeniaradthy inyeHout TRfSPEPYS ng frorn the
broader spirit and scope of the invention as set forth in the appended

cl ai msd Thpespees 6 atindbndiamat," "dnasming sneat, or soworuberhingnis’tae pd r egar ded i n
an illustrative rather than in a restrictive sense. 0 ai EB20 WD 02/17102
E' CM / USljecés2arBP 61 rdRaties enbe sinke drtedspaci fi cati on to "an enbodi ment, " "one
enbodi nent, " "some enbodinents,” or "other enbodi nents" neads that a
particul ar feature, structure, or characteristic described in connection
with the enbodinments is included in at |east sone enbodi nents, but not
necessarily all enbodi ments, of the invention. The various appearances of
an enbodi nent," "one enbodi nent," or "some enbodi ments" are not
ynecessarily all referring to the same enbodi ments. 10
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What is clainmed is: 1. An apparatus, conprising: a plurality of ng%e; K
interface ports to provide comrunication with a plurality of nodes; rEo ol
snoop filter to nmaintain cache coherency i formation the plurality of
nodes, and a read prefetch unit to performa specul ative read operation to
one of the plurality of nodes while a |ookup is sinultaneously perforned
in the snoop filter. 2. The apparatus of claim1, wherein each of the
plurality of nodes includes a cache and further wherein the snoop filter

i ncludes at |east as many entries as the anmount of entries included in all
of t cach ated in the plurality of nodes. 3. The apparatus of claim
2 whe F‘ifsgga?:rﬁgé)%bop filter entry includes an address tag. 4. The apparatus
of claim3 \gﬂ%rein each snoop filter entry includes a field indicating a
cache cohehdHtIPEEFN &P e for a correspondi ng cache Iine.d 5. The
apparatus of claim4 wherein eac idi H yplutaditwafemdes; f i el d

i ndi cat & plyrakity ehnesic 1piEac] Rﬂ’ﬁﬁ??&vz%ocﬁggé@l%ggngﬁcop% of tyz;ﬁfcorrespondi ng
cache line in its cache. 6. The apparatus of gGl.ahmbw 2R6d&f sidne plurality
of nodea kmjoprifle &0 m@ﬂ%ﬂﬁ@nﬁé@ﬁfﬁi@?’ *aloé‘ﬁﬁbgpu%’eaueé%hf‘ 4 odr%laone of the
plurality of nodes and the snoop filter to det etrm' neglthewrgﬁtggﬁ- t he ot her
of the Q}éhﬁ%réfetéh@hitm@ﬂmﬁorhasmc@lé%‘fﬁ@Pdﬁpeégt‘:f?eol”inﬁg corresponding to the
snoop request and to determ ne which cache coherency protocol state is

i ndi cat od o » bhipSashiliahassly berforsydindhe snoRgHicsi ng: ||

2. The apparatus of claim 1, wherein each of the plurality of nodes includes a

cache and further wherein the snoop filter includes at least as many eniries as the amount

of entries included in all of the caches located in the plurality of nodes.

3. The apparatus of claim 2 wherein each snoop filter entry includes an address

tag.

4. The apparatus of claim 3 wherein each snoop filter entry includes a field

indicating a cache coherency protocol state for a cotresponding cache line.

5. The apparatus of claim 4 wherein each snoop filter entry includes a field

indicating which of the plurality of nodes has a copy of a corresponding cache line in 1ts
cache.

6. The apparatus of claim 3, one of the plurality of node interface ports to receive

a snoop request from one of the plurality of nodes and the snoop filter to determined

which of the other of the plurality of nodes has a copy of a cache line corresponding to

indicated for

the snoop request and to determine which cache coherency protocol state 1s

the cache line.

7. A system, comprising:



FEB 2[i L a swtching device including a snoop filter; a first n%d gggp@@g
to the switching device; and a second node coupled to the sw tchi ng i T€;
the switching device including a read prefetch unit to performa

specul ati ve read operation to the second node while a |lookup i's rit the

| ookup results delivered to the first node sinultaneously perforned t11
sr,.:.p while simultaneously, if the | ookup indicates that no node has a
cached Ag\ﬂ@chg{gmmeriycludingaemﬂmg to the address specified by the read
operation, a nmenory read confirm msssgge is delivered to the second node.
8. The s I vhich@edetibe ahilr st node i ncl udes a processor and a
cache. @ﬁ%ﬁ'ﬁ@%&gﬂgﬁkﬂﬁgl ai mg wherein the second nqd%@{i{ncrg‘g s a
processor, a,nern dewyi 1dhif e G86i0€. thé Switchies deygicangleding p 9 wherein
t he sno%)E)ecPF‘FP%‘ie‘ioﬁgfe}ééggmat Ilenggt as many entries as the anount of

entries included in the fjrst Abdtd e Gecona ede while a Wobug st em of
cl ai npm&tW@Pﬂe@a%a%?Pb%’ F?%groig%try includes an address tag. 12. The

system of claim 11 wherein each _sno f LT el 8RtdeliviBe idte Siranbde!| d
i ndi ceitvultanausiapleformiendptsrogP o6t e 0PI TOF A correspondi ng cache i ne.

13. The systemof claim 12 wherein each sn fil tdt¥nepitry Udes a fiel d
i ndi cghile gimMliaadousty, iftike Tookup indirgtes Q%H‘Einﬂcgeglg"é; ahcgéﬁég 1ic?%py of a
correspondi ng cache line in its cache. 14. The se%;lstem gfmcﬁrﬂ,l m 13, the

swi t i gL deihe e, he aneresy specificrpdip Teastppssationy femory Tead ¢

message is delivered to the second node.

8. The system of claim 7 wherein the first node includes a processor and a cache.

9. The system of claim 8 wherein the second node includes a processor, a memory

device, and a cache.

10. The system of claim 9 wherein the snoop filter includes at least as many

entries as the amount of entries included in the first and second node caches.

11. The system of claim 10 wherein sach snoop filter entry includes an adt.iress
tag.

12. The system of claim 11 wherein each snoop filter entry includes a field

indicating a cache coherency protocol state for a corresponding cache line.

13. The system of claim 12 wherein each snoop filter entry includes a field

indicating which of the first and second nodes has a copy of a corresponding cache line in

its cache.

14. The system of claim 13, the switching device to receive a snoop request from

the first node and snoop filter to determine which of the first and second nodes has a copy

12



the first node and snoop filter to determ ne which of the first and 0D®£
nodes has a copy 12 of a cache line corresponding to the snoop rehlﬂei:ﬂ%"aﬁ .
to determ ne which cache coherency protocol state is indicating for the
cache line. 15. A method, conprising:" issuing a read request froma first
node to a switching device, the switching device |' of ~j:iE § ~ Iti...
"-- including a snoop filter, the first node one o ILH'eaIity o~

f
addre‘z@gﬁa&ﬁ%%eec&%gﬁwotme mmwstlm@ﬁd@mlg%gpgg%g a second node,

the s al so one of the plurality of nodes, each of the plurality

of nodes includin ' .atiRf Fdrahétdefe Hnsnoop filter | ookup while issuing
a spe@heﬁnwgr"rdﬁ’%ﬁ?gﬁ@eﬁga faetgh from the switching device to the second

node; delivering a snoop.response fromthe switching device to the first
node whi | elS-ﬁmﬂl@n%‘g’i‘ i f the snoop filter |ookup indicates that no

node has a cached line of penory .corr LAk iR dWifthifgndeviceaddr ess
speci f i gRuiny atrbal reguest ﬁeﬁ*@e@‘{s’fn@%ﬁ%ﬁﬁ?@w%ggﬂcdnfi rm nmessage i s delivered

to the second node; delivering data in respanse tg the apmsy read confirm
nessagefdu sivdpIHeaibe ﬁtsﬂeﬂﬂet%let‘ﬁépé"ﬁﬁ‘iﬁé'ﬁﬁH'(jgeéé{\g‘”l"é‘réh;%fg%d delivering the

data fromthe swtching device to the first node. %6. JhEo PR bade of claim

15 fur?&ggs’gﬁ?{;@ﬁjﬁo@gl&ﬂﬂéﬁm&m@aw senpnd nade, tBE SERN PPEEASO PRA T he

ed data

del i v& as been cached by the first node in an exclusive state. 13
plurality of nodes, each of the plurality of nodes including a cache;

performing a snoop filter Jookup while issuing a speculative memory read fetch from

the switching device to the second node;

delivering a Snoop response from the switching device to the first node while

simultaneously, if the snoop filter lookup indicates that no node has a cached line of

memory corresponding to the memory address specified by the read request, 2 memory

read confinn message is delivered to the second node;

delivering data in response {0 the memory read confirm message from the second node

to the switching device; and

delivering the data from the switching device to the first node.

16. The method of claim 15 further comprising indicating within the snoop filter

that the delivered data has been cached by the first node in an exclusive state.
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