DI RECT PROCESSOR CACHE ACCESS WTHI N A SYSTEM HAVI NG A
COHERENT MULTI - PROCESSOR PROTOCCL TECHNI CAL FI ELD
W@ 0@8@]20EMbodi nents of the invention relate toPCT/US2005/021382
mul ti - processor conputer systens. More particularly,
enbodi nents of the invention relate to all ow ng
external bus agents to push data to a cache
corresponding to a processor in a nulti-processor.
conput er system BACKGROUND [0002] In current
mul ti - processor systens, including Chip
Mul ti - Pr oce®dREET RROCES SORGACHIH ACK )
(1/ QA SH&TI 2 A i SNAMUETI-BROGIEASOR Pk
access controller (MAC), a storage controller, a
di splay controller, to generate tenporary data to be
TPECHdYEAH FIELD processor core. Using traditional
menory- based data transfer techniques, the tenporary
0808 i S Putbotintsmts af thesinmentioamdats thmaliiiprotéspomaoaupufer sysiems.
menory by the processor core. Thus, two nenory
RREESHBSIAE embodiieaw of tie ifventiogtetatelmt Alotviryadternal bus agents
[0003] Because traditional nmenory-based data transfer
I G 85 a ERA b FesPdind ot prEIERoY if4 ARRBFRCERST cdmputer
sosﬂr‘}gﬁegtgata transf e??ﬂthéédge dat a transfergl%may be P
%%etn} enecks to system performance. The perfornance
enal'ty can be further conpounded by the fact

BACKGROUND

[0002] In current multi-processor systems, including Chip Multi-Processors, it is
common for an input/output (/O) device such as, for example, a network media access
controller (MAC), a storage controller, a display controller, to generate temporary data
to be processed by a processor core. Using traditional memory-based data transfer
techniques, the temporary data is written to memory and subsequently read from
memory by the processor core. Thus, two memory accesses are required for a single
data transfer.

[0003] Because traditional memory-based data transfer techniques require multiple
memory accesses for a single data transfer, these data transfers may be bottlenecks to
system performance. The performance penalty can be further compounded by the fact
that these memory accesses are typically off-chip, which results in further memory
access latencies as well as additional power dissipation. Thus, current data transfer

techniques result in system inefficiencies with respect to performance and power.
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that these nenory accesses are typically off-chip

which results in further nenory access | atencies as
wowrdob/oep4addi ti onal power dissipation. Thus, CRPET/E81005/021382

data transfer techniques result in system

inefficiencies wwth respect to performance and

power . BRI EF DESCRI PTI ON OF THE DRAW NGS The i nventi on

is illustrated by way of exanple, and not by way of
limtation, in the figures of the acconmpanying
BRHE DESCRIPMONOF THEDRAVWINGS e nuneral s refer to

simlar elenments. Figure 1 is a block diagram of one
enbodTKeERVendibn @ iH0sTRddDy waysdfeRumplegatidenol by svag of limitation, in
conceptual illustration of a push operation from an

&y g0 br g %eéomfah?mg Qrawihgs if whidhOaeirbflentd hutidram réferto

of & pipelined systembus architecture. Figure 4 is a
éilnﬁ’l‘é{'éﬂnﬁgﬂt?m of one enbodi ment of a direct cache

access tor pushing data froman external agent to a
cache of a target processor. Figure 5 is a control

di . N :
 pus) BiRbr 1 RGOSR ofadlinffof SRGRBRF BRR.
foll owi ng description, numerous specific details are
t farth. ,Ho ' ' '
be. pr EXEFe 3 DN Elomyef TRRATERT S et bl RO Bl agent.
i nstances, well-known circuits, structures and

hnj h h in_detail. i g
to onbres iectardul ARRERRG e WhetBegben R ik
[ 0005] Described herein are enbodi nents of an

ar chi {Tieg(l:l;‘eu 4% a{ c?v% dlsa%a%locr) ohe %Illili)%gitrnent of a direct cache access for

pushing data from an external agent to a cache of a target processor.

Figure 5 is a control diagram of one embodiment of a direct cache access PUSH

operation.
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cache access (DCA, or "push cache"), which allows a
device to coherently push data to an internal cache of
W@ 2008047 processor. I n one enbodi ment the archit/e81005/621382

i ncludes a pipelined system bus, a coherent cache
architecture and a DCA protocol. The architecture
provi des increased data transfer efficiencies as
conpared to the nenory transfer operations described
above. [0006] More specifically, the architecture my
d@ﬁlﬂﬂégllﬁﬁ%ﬁﬂﬂﬁkﬁﬁ bus feature and internal bus
gueui ng structure to effectively invalidate internal:
d8eedls, HntHe &flfomdng destrptivin| mandrous speeifio dbtailddra set forth.
structures that accept push data requests. One

diibodiereiibodimentseo MR AGHISH I be Practve AINAGE hese specific
connected to a processor to directly nove data into a

GREIS. BESREH iAdtAfkeVividl LS mREREES mmk{‘ﬁﬂ;l@%hﬁ@gﬁz{&gg t

a PUSH operation may be inplenente

hRed sk A% MOLeYy.. @ bus.
ot R Rl G o 17 YRR e SR Tan I Besiilice.

[ ] T haki_n racedure. may .be inplenented in
{O0EL, cDsBREBHAE fierMbo iR} Shafclctirtuiihe aappons dirct
acgess. | raditignal data transfer operations an
SAYISAECHY ED%% u %ﬁCP%S’ ‘?‘b‘?h allapys & devissde sehiesmmtly push data to
nove data E%om menory to a_processor cache. Using the

AR dMERRSGAc kel targstipiressaqrn In aneembqsimens dhearchitesturgiecindes a
may use asingle wite operation to nove data to a
Pinstinedyisteguliisea opheranticache axshites tirg andia PGA proawsladheons
and/or stalling the bus. This may decrease the |atency
asbiedtarcqrovidashnatedsed datatradstier efifitderitioy ab BHhFAEd to the memory
processor bus availability.

transfer operations described above.

[0006] More specifically, the architecture may utilize a pipelining bus feature and
internal bus queuing structure to effectively invalidate internal caches, and effectively
allocate internal data structures that accept push data requests. One embodiment. of the
mechanism may allow devices connected to a processor to directly move data into a
cache associated with the processor. In one embodiment a PUSH operation may be
implemented with a streamlined handshaking procedure between a cache memory, a
bus queue and/or an external (to the processor) bus agent.

[0007] The handshaking procedure may be implemented in hardware to provide
high-performance direct cache access. In traditional data transfer operations an entire
bus may be stalled for a write operation to move data from memory to a processor

cache. Using the mechanism described herein, a non-processor bus agent may use a

-3-



[0008] Figure 1 is a block diagram of one enbodi nment
of a conputer system The conputer systemillustrated

WO nookioggene 1 is intended to represent a range BET/US2005/021382
el ectronic systens including conputer systens, network
traffic processing systens, control systens, or any
other multi-processor system Alternative conputer (or
non- conput er) systens can include nore, fewer and/or
di fferent conponents. In the description of Figure
single vatite operativorctosysveatata to arpedoessoe cache withowt candifiiéx@fa bus
system however, the architecture of the conputer

Stfidabiiod sl Stalfing tHecbuk e Thid inthyaiecrRi’ tReRABY 83¥Bciated with data
descri bed herein are applicable to many types of nulti

1RASEERA Way TPt S DrodeBP Bils viiighigyembodi nent, conput er

system 100 may include I nterconnect 110 to communi cate

(OU0R] T HifHeDIl WRELRIRON B enfATESS BF o SAREY e BEm. The

€
oupfed t I nterconn process 1 nror

Furt her racessor,.120 may.i.ncl internal cac 122,.
iPRREF B m SR injBEn g o rRLRRAR: nigsd Sechotic
nenories. .| n one enbodi ment, processor 120 may be
SHpPERchiing cappuiehRystemscprEvqrkdra ERSEINE SYeTaH QU]
may further include processor 130 that nmay be coupl ed
SYS16RY, OF amyrathermultipprecsssor sxstesy  Aligroativecomputepfas aer-somputer)
130 may i nclude internal cache 132, which nay
sy§ierasentindwde mensbswendndiortdififerent compomentse rfp theatescription of
one enbodi nent, processor 130 may be coupled with

&igues hthle ebmtrintic $bem [OBfbbed Whad acotmpuper sestemmytinener] 0

is illustrated with two processors, conputer

architecture of the computer system as well as the techniques and mechanisms
described herein are applicable to many types of multi-processor systems.

[0009] In one embodiment, computer system 100 may include interconnect 110 to
communicate information between components. Processor 120 may be coupled to
interconnect 110 to process information. Further, processor 120 may include internal
cache 122, which may represent any number of internal cache memories. In one
embodiment, processor 120 may be coupled with external cache 125. Computer system
100 may further include processor 130 that may be coupled to interconnect 110 to
process information. Processor 130 may include internal cache 132, which may
represent any number of internal cache memories. In one embodiment, processor 130
may be coupled with external cache 135.

[0010] While computer system 100 is illustrated with two processors, computer

system 100 may include any number of processors and/or co-processors. Computer
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system 100 may i ncl ude any nunber of processors and/or
co- processors. Conputersystem 100 nay al so incl ude

WO avdomoarcess nmenory controller 140 coupl ed weahUS2005/021382
i nterconnect 110. Menory controller 140 may act as an
i nterface between interconnect 110 and nenory
subsystem 145, which may i nclude one or nore types of
menory. For exanple, menory subsystem 145 nay i ncl ude
random access nenory (RAM or other dynam c storage
dpsiéns €00 mag s éndludeoandoti aoesamebmorg tontrillied M0 doupled with
executed by processor 120 and/or processor 130. Menory

tOBYEiceM 104 MEhG9 comoliee [ 4Gy h@ as bR irfterfREBORWREY interconnect
vari abl es or other internediate information during

qmwmemo%sgpgﬁwm mh%y%ae;&é&ferorgfﬁ& afg,%: %lgemow.

processor Menory subsystem rmy fur

ggv%ggﬂ;tlé storiegugs% 1_@§‘ﬁ-( ?'inc I on anhﬂsc ruglltiargﬁRAM)or
/re? L o g?%%lﬂ@rocﬁﬁ%?‘idd%%% Sﬁéﬂe{e&&%w
110 deyi 50,

irrogs%gyﬁd%ﬁf% proeefr b MENenGHessHE 143iso Py wsed o sore

controller or id crystal display (LCD) controller,
tenperary vagablesias Pﬂt?r indermegiate lu@gﬂatlfalrﬂlmng lsaenutien pEinstructions
i nput device, such as a keyboard or touch screen to

bb prasessent 29 dndfag preesson] ¥h Menenysnbisysteinenay Himtbet include read
processor 120, and/or a cursor control device, such as
anlyousegry éRONBcalnbﬁak btheostatzisterage diivicetd store skati¢Infofmation and
conmuni cate direction informtion and command

Btraction® st pretefiotC XDME/ot PrbcaRer 130, control cursor
novenent on a display device. Various |/O devices are
k0029 | MnfeRBnRdct 110 may also be coupled with input/output (I/0) devices 150,
which may include, for example, a display device, such as a cathode ray tube (CRT)
controller or liquid crystal display (LCD) controller, to display information to a user, an
alphanumeric input device, such as a keyboard or touch screen to communicate
information and command selections to processor 120, and/or a cursor control device,
such as a mouse, a trackball, or cursor direction keys to communicate direction
information and command selections to processor 102 and to control cursor movement
on a display device. Various I/O devices are known in the art.

[6012] Computer system 100 may further include network interface(s) 160 to
provide access to one or more networks, such as a local area network, via wired and/or

wireless interfaces. A wired network interface may include, for example, a network

interface card configured to communicate using an Ethernet or optical cable. A
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[0012] Conputer system 100 may further include network
interface(s) 160 to provide access to one or nore
woeioso1dos7 such as a | ocal area network, via WEEBUS2005/021382
and/or wireless interfaces. A wired network interface
may include, for exanple, a network interface card
configured to conmmuni cate using an Ethernet or optical
cable. Awirel ess network interface may include one or
nore antennae (e.g., a substantially omidirectional
avitebnagtwbrk intenfacmay inelude one of moretaatenmn (0Jg., ABukEstantially
W rel ess conmuni cati on protocols. Storage device 170
BBidiRcisHAPAtéhriaPto JohRAGRIREAL ordiidy th OnSb10h6re wireless
informati on and 1 nstructions. [00I3] Instructions are

gsamuﬁr%gﬁ&ppr%eagy SRR RO A Raf 595@@&&&@%&@@5@? 10 to

170, such as magnetic disk, a read-on nmenory

g{&}eeﬁfo%lgﬁmfget{dg}{g&ugﬁ&% ROM DVD, via a renote

connectl o . over a network via network interface

160y s e % S b5 B v
e PhS s LRSSt Mok LS HELS, co-row

instructions is not Iimted to ani specific )
EOMDi i renpt sonngetiond e-8.» OVeranet werk yironeiweork ipteeace 160) that is
i nstructions. [0014] An electronically accessible

rislatir oviveid roe Mg tess, gtey Imeli¢raativerentblodimeptsplrard oairedicireuifry can be
stores and/or transmts) content (e.g., conputer
axeldnipbdot of omia icombinatiersyith sofawdre instru@aa bTleusbyxeaition of

el ectronic device (e.g., a conputer, a personal

Sequiehdrl ofmSingdtians is nat Bwltbdiodiny spdcti atinatibl of RardWilee,

a machi ne-accessi bl e medi um i ncl udes read only nenory
circuitry and software instructions.

[0014] An electronically accessible medium includes any mechanism that provides
(i.e.; stores and/or transmits) content (e.g., computer executable instructions) in a form
readable by an electronic device (e.g., a computer, a personal digital assistant, a cellular
telephone). For example, a machine-accessible medium includes read only memory
(ROM);, random access memory (RAM); magnetic disk storage media; optical storage
media; flash memory devices; electrical, optical, acoustical or other form of propagated
signals (e.g., carrier waves, infrared signals, digital signals); etc.

[0015] Figure 2 is a conceptual illustration of a push operation from an external
agent. The example of Figure 2 corresponds to an external (to the target processor)

agent that may push data a processor 220 in a multi-processor system 220, 222, 224,

226. The agent may be, for example, a direct memory access (DMA) device, a digital
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(ROM; random access nenory (RAM; magnetic disk
storage nedi a; optical storage nedia; flash nenory
walenoboe937 el ectrical, optical, acoustical or opdEUST005/001382
of propagated signals (e.g., carrier waves, infrared
signals, digital signals); etc. [0015] Figure 2 is a
conceptual illustration of a push operation from an
external agent. The exanple of Figure 2 corresponds to
an external (to the target processor) agent that nay
sigrah prhwessom(QPocrepasket p@sson of apy) pther jysiemesomponen) skigmal to
220, 222, 224, 226. The agent may be, for exanple, a
the tagét preregsoy. access (DMA) device, a digital signal
processor (DSP), a packet processor, or any other

0036 M ThEBAA &t ispPUsRid ) aget 200endyedogreépopd € & ffilidache line or
[0016] The data that is pushed by agent 200 may

HRIGRIRBNGriespond kd'h arﬁél%\@hé lix{ée IPbnd %b&ﬁfhé'ntr@ihng push

correspond to a par cache [ine, hi one enbodinent,
t
e e

| abl e d
i Bl Saikiic Pradilotsh £ Ralt FO93 Mo offiiphiine
| e of Figure 2, push operation 210 is issued
Efi}le%?ﬁ)éﬁtp BEHOL is coupled to peripheral bus 230,

whi ch nay al so be coupled wi th other agentsg.g., ]
CLRTS 2@55116 epyEple op Evgafq D Rush eperatipnFd 0 praisied by agrmt 200 that is
peripheral bus 230 to systeminterconnect 240 by

bupligdp pefimterab has 230 which mazyalsel beeobpled wiithlogher agants (e-g., agent
system i nterconnect 260 (e.g., agent 235). The target
PO c @sshoopefation 28 sy be pessedrirgymrpediphearal bus 230 to system

interconnect 240 by bridge/agent 240. Agents may also be coupled with system
interconnect 260 (e.g., agent 235). The target processor (processor 220) may receive
push operation 210 from bridge/agent 240 over system interconnect 260. Any number
of processors may Be coupled with system interconnect 260. Memory controller 250
may also be coupled with system interconnect 260.

[0018] Figure 3 is a conceptual illustration of a pipelined system bus architecture.
In one embodiment, the bus is a free running non-stall bus. In one embodiment, the
pipelined system bus includes separate address and data buses, both of which have one
or more stages. In one embodiment, the address bus stages may operate using address
request stage 310, address transfer stage 320 and address response stage 330. In one
embodiment, one or more of the stages illustrated in Figure 3 may be further broken

down into multiple éub-stages.



push operation 210 from bri dge/ agent 240 over system

i nterconnect 260. Any nunber of processors may be
w@ophen4 t h system i nt erconnect 260. Menory PCT/US2005/021382

controller 250 may al so be coupled with system

i nterconnect 260. [0018] Figure 3 is a conceptua

illustration of a pipelined system bus architecture.

In one enbodi nent, the bus is a free running non-stal

bus. In one enbodi nent, the pipelined system bus

[0osadudedn sepanBidmattdinesp agents Haf iackds srioopRaEH 360 and snoop

whi ch have one or nore stages. |In one enbodi nent, the

AAFBIRE §taPdi$7(5 I BRIGRdFBY st RS hitf Be YRdIpStaALEIMBS Br MBHIHAYe aligned
stg%e BaQ%, addr ess tr%ﬁé&er sfagé@Bfggand§aadrgss THene

BT B IR STARST e 08, Sl
L nt [ tipl - . [0019}]. |

OSBRSS TH AL S R ARl B o

oA TR R S o I eSS

for exanple, the details of the bus protocol being

(00281 sipeps ergbedimpmdhgsysiem may sppor agaghs cqhgrency protocol, for
di scussed in further detail herein. In one enbodi nent,
exanple tMSh MES )Y Qs eie. elnippe smbddiment, dip folowing sagheding states
and data transfer stage 350. [0020] In one enbodi nent

hfag bsysédem may support a cache coherency protocol, for
exanple, MSI, MESI, MOESI, etc. In one enbodinent, the

T oklaeePRgr eRChE T igtatesAfdres MMay ISeatdMdeer Tall Stale After Data
CAROfFess RRGuest A eddiRss Requast |Pr ocassRledge Return
(ACK) Message
M Pending ACK-M M
0] Pending ACK — Pending M
E Pending ACK - Pending M
S Pending ACK — Pending M
1 Pending ACK — Pending M
Pending Pending ACK/Retry — N/A
Pending
M Pending Retry - M M
O Pending Retry — O M
E Pending Retry — I M
S Pending Retry — 1 M
I Pending Retry — I M

Table 1: Cache Line States for Target Processor

[0021] In one embodiment, PUSH requests and PUSH operations are performed at
the cache line level; however, other granularities may be supported, for example, partial
cache lines, bytes, multiple cache lines, etc. In one embodiment, initiation of a PUSH
request may be identified by a write line operation with a PUSH attribute. The PUSH

attribute may be, for example, a flag or a sequence of bits or other signal that indicates
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[0021] one enbodi nent, PUSH requests and PUSH

operations are perfornmed at the cache line |evel;
whowweweanyd7 ot her granul arities may be support edpCT/082005/021382

exanpl e, partial cache |ines, bytes, nultiple cache

lines, etc. In one enbodinent, initiation of a PUSH

request may be identified by a wite |ine operation

with a PUSH attri bute. The PUSH attri bute may be, for

exanple, a flag or a sequence of bits or other signa

tHagihe vAtle Gaé B5dritivh ié fheended togpush Bfta GpLEahé Aidmiosy. If the PUSH

intended to push data to a cache nenory. |If the PUSH

SR 19 lElsédsto Eﬁﬁﬁdatt@th&ucﬁ;és fatcdnfohato defhemat dﬁﬁ?én@ bﬁeratlons

to a cache e different operations nmay be used

bﬁ %I%E t%%%n? %H lﬁﬂ?ﬁ§hsb[0022] I'n one enbodlnpnt,

age ini SH oper at i on nay prOV|de a

ent e t|f| r th ed in .
RBEE. - 135k b, e kiR e dfe FIRE PSR T provice
bits The tar toi |er al so be. provi ded
faseed agent pdsifiet thﬁrﬁg?éfnb e adaiin g addbes et i B geiple
an instruction or a dedlcated S|gnal path I n_ogne
tavrs afldressbitsa The sargqﬁ egant ileatidar mayralsodePrayjee inrpedjferent
include logic to determ ne whether the host agent is
nfaen¢rafog examyfle.ahipughh Gpldriman mstruction or by adedipted sighal gath. In
for exanple, conparison circuitry to conpare the | ower
afelerabaditiecits a bid intesfiace efantighi agentahay inelulde fgicatgdatermine
[0023] In one enbodi nent, the target agent may include

VhetheF theBb& apettiehs tdrget Y PESHbpREMIOES Thakgicdadyginclude, for
corresponding to a PUSH request. The target agent rray

SRS NS AP B e B cnicr o
the host agent.

[0023] In one embodiment, the target agent may include one or more buffers to-
store an address and data corresponding to a PUSH request. The target agent may have
one or more queues and/or control logic to schedule transfer of data from the buffers to
the target agent cache memory. Various embodiments of the buffers, queues and
control logic are described in greater detail below. Data may be pushed to a cache
memory of a target agent by an external agent without processing by the core logic of
the target agent. For example, a direct memory access (DMA) device or a digital signal
processor (DSP) may use the PUSH operation to push data to a processor cache without
requiring the processor core to coordinate the data transfer.

[0024]  Figure 4 is a flow diagram of one embodiment of a direct cache access for

pushing data from an external agent to a cache of a target processor. The agent having
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the target agent cache nmenory. Various enbodi nents of
the buffers, queues and control |ogic are described in
w@e@avensdet ai | bel ow. Data may be pushed to aPCEHU®05/021382

menory of a target agent by an external agent w thout
processing by the core logic of the target agent. For
exanple, a direct nenory access (DVA) device or a

di gital signal processor (DSP) nmay use the PUSH
operation to push data to a processor cache w t hout
daeayoi teipnshethe thertargetsdeice dssnes a RIS oequiest a4 Q9. (The PyEsthrequest
transfer. [0024] Figure 4 is a flow diagram of one
RPBelindRated 6 adpébificmbtration ¢e.a ¢ waigslifed thapmap hang alat a
froman external agent to a cache of a target
@E@&&ﬁﬁﬁd-bﬂt‘r%@&ﬁ&ca ap gae @abadiienBe PUSPEEqhddt fnBEbe
arget device issues a PUSH request, 400. The PUS

i . LA

%ggge%’sag&fz?%ghﬁe #g%iutfaﬁtléi'@l. by ofte SMBGdifkht, tHAThiNiMEL Aot may

at may have a predeterm ned
or hi eqguence. e e . .
g P e TR PR B P SPGB B S il Rl 1 e e
ope enbodinent, .the jnjtiating agent may specify the
¢ @séfquFStPﬁge?fL}ié?I%yﬁgir%"tef Dby specifying a target
identifier during the address request stage of the
(802581 opdn ens campodimers 3]processgper ARy srisetinktagelAespigapinoop
or other potential target agent may snoop internal
nterhad sachasiansorthys qyenese)s. ngg snoppingShessionalijy may allow the
functionality may all ow the processor to determ ne
ploetsharto detatmipe sdethsothat gotessor isthg trgay bf a PESEHequest. Various
request. Various snooping techniques are known in the

@fdopink fechfiquésdeRhovanin, thé ire. v eabodingeny tiesprodessor snoops the
address bus to determ ne whether the | ower address

Radr&ss B9$ foaRROmthelvehek e tHV16% &S8lafess bits correspond to the processor.
[0026] In one embodiment, if the target processor push buffer is full, 410, a PUSH
request may result in a retry request, 412. In one embodiment, if a request is not
retried, the potential target agent may determine whether it is the target of the PUSH
request, 415, which may be indicated by a snoop hit. A snoop hit may be determined
by comparing an agent identifier with a target agent identifier that may be embedded in
the PUSH request.

[0027] In one embodiment, if the target agent experiences a snoop hit, 415, the
cache line corresponding to the cache line to be pushed is invalidated, 417. If the target
agent experiences a snoop miss, 415, a predetermined miss response is performed, 419.
The miss response can be any type of cache line miss response known in the art and

may be dependent upon the cache coherency protocol being used.
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[0026] In one enbodinent, if the target processor push
buffer is full, 410, a PUSH request may result in a

WO giosg120eguest , 412. I n one enbodi nent, if a reOUES1003/621382
not retried, the potential target agent nay determ ne
whether it is the target of the PUSH request, 415,
whi ch may be indicated by a snoop hit. A snoop hit may
be determ ned by conparing an agent identifier with a
target agent identifier that may be enbedded in the
RIU3BY r e uites teith¢rAR2Te ihvalidatiors #bDdf thie miiss refpohies 41 Y thypetarget
agent experiences a snoop hit, 4 15, the cache |line

GEdnt AR ABRihge WhethPthe dGHént IPUSe! fequddCisRetsibE 205 If the PUSH
invalidated, 417. If the target agent experiences a

%&r%gét megfed %&meqaﬂgé ehtdetdfds Wheded BE RRONSs difty, 425 If

or ne The™m Ss response can be any type” of

he |
gl-gclm% d&éa:,?tr}iGr%n ggitthcg g%ggﬁe %%E 'brc1 u&)ﬁzﬁg(?{o dlﬁ{'] ql3UBté r&?ore the

oco

0028] Af.t |thertheI|ne|nvaI|dat|on 4 17
G?C I"r% g%m?%’é%(}ﬁ‘g 419, the target agent nay
det er m ne whet her the current. PUS uest is r trled

490291 | 1 If fhe Rb{3E rquet dsstot retrigds 420, bagep}jpay g g&me
wﬁ@nt determines whether the |ine was dirty, 425.

ther i és the targgit of the PISH reguest, d38hif the taeges wﬁnélsmtaw@t of the
updated to dirty, 430, to restore the cache line to .
iPUSHoreuesh @35 sthataeget pGME filay kéknowdedpeiSid FUESH) esquest andhajiocate a
retried, 420, the target agent nmay determ ne whet her
istot irfa PUSHtharfge 440 Infdie eRibStnteny tiesillocdirm. of tfe RWSH buffer, 440
target agent is the target of the PUSH request, 435,

tglbtﬁlgfggs gl%aadﬂga%@ bhd3B uf A6 IPUSM Gstafiohhsd RWSkveeOfufGionals is part
of a data phase of the PUSH operatlon That is, in one embodiment, procedures
performed through allocation of the PUSH buffer, 440, may be performed in
association with the address bus using the address bus stages described above.
Procedures performed subsequent to allocation of the PUSH buffer, 440, may be
performed in association with the data bus using the data bus stages described above.
[0030] In one embodiment, the target agent may monitor data transactions for
transaction identifiers, 445, that correspond to the PUSH request causing the allocation
of the PUSH buffer, 440. When a match is identified, 450, the data may be stored in
the PUSH buffer, 455.

[0031} In one embodiment, in response to the data being stored in the PUSH buffer,

455, bus control logic (or other control logic in the target agent) may schedule a data

write to the cache of the target agent, 460. In one embodiment, the bus control logic
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slot in a PUSH buffer, 440. In one enbodi nent, the

al l ocation of the PUSH buffer, 440 conpletes the
waomsesd4phase of the PUSH operati on and subsepuEn$2005/021382

functionality is part of a data phase of the PUSH

operation. That is, in one enbodi ment, procedures

perfornmed through allocation of the PUSH buffer, 440,

may be perfornmed in association with the address bus

usi ng the address bus stages descri bed above.

a9 erdks ReitdRER! tREksSoHASROY et datadinal acteatiuest qfeut. hther

PUSH buffer, 440, nmay be perforned in association with

&éa&ﬂeés'cromﬁe&m&]g theldaer Waledpbidfios inag alko Befsddl bed
above. [0030] In~one enbodinent, the target agent may

L‘lﬁ??f OhAf BhEehbal p?%n’ b“%&ﬁ"’ﬁ?i‘%ﬁ?&? rhlfildst e

. PUSH

L B el i &egafhe
45 [O I n rrb di

dta myibe %ritmdo Tieshee. 4%%2@8@@.@%&%&% B the

control logic (or other control dglc |nthetar

serbist the BB HEME rigaRondingite thet tayTpgy Redealogsted; ﬁlé If the
target agent, 460. In one enbodi nent, the bus contro

lcayie dima yvae ptesiouslyvn & distyrstaieibesg., Mo Qstpe aeptha dine may fpe updated
data in a cache request queue. O her techniques for
scheotiginal gtaten df thatcacherink evas peavartuskynn aelcambta®e (be., Hsw@®), the
[0032] In one enbodi nent, control logic in the target

gdRlineMayRefelbalitht a arbitration for the cache
rrem)ry, 465, to allow the data to be witten to the

It B P
PUSH operation. In one embodiment, target agent 590 may include multiple levels of
internal caches. Figure 5 illustrates only one of many processor architectures including
internal cache memories. In the example of Figure 5, the directly accessible cache is an
outer layer cache with ownership capability and the inner level cache(s) is/are write-
through cache(s). In one embodiment a PUSH operation may invalidate all
corresponding cache lines stored in the inner level cache(s). In one embodiment, the
bus queue may be a data structure that tracks in-flight snoop requests and bus
transactions.

[0034) In one embodiment, a PUSH request may be received by address bus

interface 500 and data for the PUSH operation may be received by data bus interface

510. Data bus interface 510 may forward data from a PUSH operation to PUSH buffer
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cache, the PUSH buffer entry corresponding to the data

may be deal | ocated, 475. If the cache |line was
w@emeiawgty in a dirty state (e.g., Mor O, tPer/usmh&021382

line may be updated to its original state. If the

cache line was previously in a clean state (e.g., E or

S), the cache line may be left invalid. (0033] Figure

5 is a control diagram of one enbodi nent of a direct

cache access PUSH operation. In one enbodi nent, target

adenThada may be transfereedrfidm thel SR beffer 50 to crcbe reguest queue

caches. Figure 5 illustrates only one of many

P66 amdbthen teadichily eciessitds cache 560 andgscritiedrabave. cache

menories. In the exanple of Figure 5, the directly

30033F S| Th@né ambedimentaih resfoRse loAVUSHE Adgliest MddRess bus interface
ownership capability and the inner |evel cache(s)

580 #a$ sHEJpitRinbcARN bRER8/afibus fullctihgl &FRRHLTE ntoﬁf(?rhg?,

operation may invalidate all correspondi'ng cache

t%{l]&el%%douk thtbBRe iSB@ ﬁ'{% lsxg&g';l enftfs tgg e(.i%lﬁ r eqﬂ?sﬁ gﬁelfe'?% dﬁu@‘%ﬁ%ﬂe 520

us queue nmay ata struc racks
insflight smnoo ts _and. bus transact.ions 9‘[e004 .
PG Bh EREs 64 Bodnf Pebitent ) SB e R a8 prgenlighation
address bus interface 500 and gﬁta fo% t he PUSH
GI5E33563 BRY ApAstdl Genwesn\Pug auspe AP and erche Franpst Gugies .
Data bus interface 510 mray forward data from a PUSH
Y86kt i In onegembaskimpnt; Withinaonultipsogessos syégm tsach processor core
transferred fromthe PUSH buffer 540 to cache request
ey hevEBUasaeniptechlopal tcachyi mespary wtractures Jihb procemoheorS 6Ry ascess
descri bed above. [0035] In one enbodi ment, in response
the assdeldBid lpedd vacht memthaty stsictiors fori cotlefetchee and data reads and writes.
The cache utilization may be affected by program cacheability and the cache hit rate of
the program that is being executed. |
[0037] For a processor core that supports the PUSH operation, the external bus
agent may initiate a cache write operation from outside of the processor. Both the
processor core and the external bus agent may compete for cache bandwidth. In one
embodiment, a horizontal processing model may be used in which multiple processors
may perform equivalent tasks and data may be pushed to any processor. Allocation of
traffic associated with PUSH operations may improve performance by avoiding
unnecessary PUSH request retires.
[0038] Reference in the specification to “one embodiment” or “an embodiment”

means that a particular feature, structure, or characteristic described in connection with

the embodiment is included in at least one embodiment of the invention. The
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500 may snoop transactions between various functional
conponents. For exanple, address bus interface 500 may
wenmepizwt ri es to cache request queue 550, busPULIESE05/021382

520 and/or inner |evel cache(s) 530. In one

enbodi nent, invalidation and/or confirmation nessages
may be passed between bus queue 520 and cache request
gueue 550. [0036] In one enbodinment, within a

mul ti - processor system each processor core nay have
AppeAafickrs iof tiRhrBe din shehbodigieatyin Suisistpldces in thespecification
processor core nmay access the associated | ocal cache

R VB Nec{shMG N Bfehg to IetesahRieatRintpgl dat a reads and
wites. The cache utlllzatlon may be affected by

gfogg]’ mﬁ@ H{\)ehﬁc}ﬁ l@a@%eérh&sﬁ‘?d\epgxb% e@ergf exﬁﬁﬁlments

I'S belng execute or a processor
ALk t he. P ion e.exte na
u ge skllz‘%[m ﬁlg.p 20% lel re%?%uzg él?{? %ve% ion is noté lrﬁgklteé&
g{%@gﬁgcﬁggg bk e:p'é%;:lt?ig fg{‘glo Hifidation and aﬁgrraﬁm?&lmm '

bandMAdth In one enbadi nent, a hori zont al proceSS|ng
ths spirit aad saope 0EWE appenged elimey Tihe grssriphient is dats te berggarded as

erform equi val ent tasks and data may be pushed to any
Phstcaivsdnstead|of doutingon of traffic associated with PUSH
operations may i nprove perfornmance by avoi di ng
unnecessary PUSH request retires. [0038] Reference in
the specification to "one enbodi nent” or "an
enbodi nent” neans that a particular feature,
structure, or characteristic described in connection
with
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t he enbodinent is included in at |east one enbodi nment
of the invention. Theappearances of the phrase "in one
wendedizeent ' in various places in the specifi cCBtT/Us2085/21382
not necessarily all referring to the sanme enbodi nent.
[0039] While the invention has been described in terns
of several enbodinments, those skilled in the art wll

recogni ze that the invention is not limted to the
enbodi nents descri bed, but can be practiced with
@bdilMScat i on and alteration within the spirit and
scope of the appended cl ains. The description is thus
to be regarded as illustrative instead of

i m t Wigt CSlchilv® dhat is clained is: 1. A nethod
conprising: receiving a request to push data to a
cache nenory associated with a processor in a

mul ti {pr ocasaliodsyonipeiRingwherein the data is to be
pushed to the cache nenory wi thout a corresponding

read fReivRigla rbQUest th PEsHURLRSS@Lhe bR Gsdcitedaitiaa pidcassor
push buffer in the processor; and transferring the

%g% ﬁmg&f-@x?b%s?ﬁri s&é’cﬁtﬂf WhirEiBlthd @atd R0 58 piRdRIME ¥aché mehidRy

urther conprising: snooping a cache

(AASS cAUSUGAD L BN NGRI BELesenumDer of push

ent ri qual s or exceeds a threshold |evel;
generati.ng.,a retry request.corresponding to the
reques “P%thﬁlﬁigﬁ “&Ié?‘e\&i u?féﬁgn?le proCESSor, and

transferring the data from the push buffer to the cache memory.

2. The method of claim 1 further comprising:

snooping a cache request queue to determine whether a number of push buffer
entries equals or exceeds a threshold level;

generating a retry request corresponding to the request to push data if the
number of push buffer entries equals or exceeds the threshold level; and

determining whether data corresponding to the request to push data is stored in
the cache memory if the number of push buffer entries does not equal or exceed the

threshold level.

3. The method of claim 2 further comprising:
determining whether the request to push data is a retried request to push data;
and
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nunber of push buffer entries equals or exceeds the

threshol d | evel; and determ ni ng whet her data
weoosespaendi ng to the request to push data i s BECDUSDOH/021382

the cache nenory if the nunber of push buffer entries

does not equal or exceed the threshold level. 3. The

nmet hod of claim 2 further conprising: determning

whet her the request to push data is a retried request

to push data; andrestoring a state of data ) ,

cor r exsploriag agtateriidala comespending & tha sequesitia pish datpdf the request

request is retried. 4. The nethod of claim 11 further

soetpied.si ng: anal yzing the push to request data to

determ ne whether a device receiving the request is a

target for the request; generating an acknow edgenent

if the device receiving the request is the target for

t he rgquesThe mbfod@bf Q&iat | RBtheNcoiPrisihgt N @ push buffer
for the data to be pushed if the device receiving the

I €quesialyzthg the plshtd $qubQ datahE dEtEHIAS WhetBer ol 15 TRERRAng the

of claim4 fur{)her conpri si ng snoopli ng tgat a bus

Cli [ . fy data being pushed in response
%%agﬁgigéﬁggﬁ%ggﬁéﬁgé¢._6. The nmethod of claimb5
furt hgeernelga n Eullg,cl:krt]lgwlc'etd%ernlngtg i% tﬁg dggct:earect;)e%{n%gt eurglc;l?egt is the target
for the request; and

allocating an entry in a push buffer for the data to be pushed if the device

receiving the request is the target for the request.

5. The method of claim 4 further comprising snooping data bus

transactions to identify data being pushed in response to the acknowledgement.

6. The method of claim S further comprising storing the data being pushed

in the allocated entry of the push buffer.

7. The method of claim 1 wherein transferring the data form the push
buffer to the cache memory comprises:

scheduling a write operation to cause the data to be written to an entry in the
cache memory;

requesting data arbitration for the entry in the cache memory;
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in the allocated entry of the push buffer. 7. The
nmet hod of claim 1l wherein transferring the data form
wo b@epdl7 buffer to the cache nenory conpri SesSPCT/US2005/021382

scheduling a wite operation to cause the data to be
witten to an entry in the cache nenory; requesting
data arbitration for the entry in the cache nenory;
storing the data in the entry in cache nenory; and
deal | ocating the data fromthe push buffer. 8. The
met hostonng die gt i therpatrgimcache memorys andy t he cache
menory conprises a conplete cache line. 9. The nethod
of cl déahhoTatingehedata from thepusyi buffet he cache nenory
conprises a partial cache line. 10. The nethod of
claim1 wherein the request to push data is received
froma direct nenory access (DVA) device. 11. The

net hog, of TheinBihdd Whahih N whbRid BE YRS} inltRe éa&ﬁbnféﬁ{og/ dotprises
received froma digital signal processor (DS

IQS‘“EE{J&%ﬂ &laim1 wherein the request to push dat a
ceive

Isr rom a packet processor. 13. An apparatus
conpri si ng:

9. The method of claim 7 wherein the entry in the cache memory comprises

a partial cache line.

10.  The method of claim 1 wherein the request to push data is received from

a direct memory access (DMA) device.

11.  The method of claim 1 wherein the request to push data is received from

a digital signal processor (DSP).

12.  The method of claim 1 wherein the request to push data is received from

a packet processor.

13.  An apparatus comprising:
a cache memory;

an address bus interface to receive a push request from an address bus;
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a cache nenory; an address bus interface to receive a
push request from an address bus;a data bus interface

wo o0osecwive data to be pushed to a cache nenorpCT/USIINE021382
data bus; a bus queue coupled with the address bus
interface to store push requests received fromthe
address bus; a push buffer coupled with the data bus
interface to store data to be pushed to the cache
menory; a cache request queue coupled with the push
buf f ex data bus ibtedfacputeueceivediatate be pushed teaoache msmoch from|aglata
a cache wite operation to cause the data to be
busttten to the cache nenory. 14. The apparatus of
claim13 further conprising one or nore inner |evel

h ek fwi '
cac eﬁb&Q#ﬁeﬁee&uﬁdea RvithBe bdtesd baymitdriaaé tcdﬂor@%hhse}f RE@IsKE

the data fromthe cache request queue. 15.

ARRGERENE o adalkRl Basl4 wherein the address bus

I nterface snoops transactions involving the cache

{ ﬁgu :%%usﬂ %%ng co slﬁ{i yﬁ@ RPBRL RS e?lfacect!o%itc;ﬁ g)i%ig%@é ﬁisﬂed to

ress bus ace snoopst ransact |
i.nvolving the bus queue. 17. The apparatus of claim 14
“ﬁ@?@?ﬁmgﬂgyaddress bus interface snoops

a cache request queue coupled with the push buffer, the bus queue and the cache
memory to schedule a cache write operation to cause the data to be written to the cache

memory.

14.  The apparatus of claim 13 further comprising one or more inner level
caches coupled with the bus queue that do not receive the data from the cache request

queue.

15.  The apparatus of claim 14 wherein the address bus interface snoops

transactions involving the cache request queue.

16.  The apparatus of claim 14 wherein the address bus interface snoops

transactions involving the bus queue.

17.  The apparatus of claim 14 wherein the address bus interface snoops

transactions involving the inner level caches.
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transactions involving the inner |evel caches.18. The

apparatus of claim 13 wherein the cache request queue
wopmsaiz®wd7’t o schedule a wite operation to cauBer/Ukm®o05/021382

data to be witten to an entry in the cache nenory,

request data arbitration for the entry in the cache

menory, store the data in the entry in cache nenory,

and deal |l ocate the data fromthe push buffer. 19. The

apparatus of claim 13 wherein the address bus

interface operates to analyze the push request to

determ ne whether the address bus interface

COr r eE20NdEhe apparatudlof €kaink 03 whbein the uahe requdstgaer apemtes to

an acknow edgenent if the device receiving the request

ichel1€a WattO8erdtfn th BBusk LR to bWvritfn3y 8 Eiffty in the cache
conprising: ‘a cache nenory; an address bus interface

' RUAI GRS the fh @ iPle 28196 RPndPY Storé tHdahA in th

k%gbﬁgggﬁgg?g %@nrecelve ggtgy%o ge pushed o(g cacheln °
mory f.rom a , I ith the

St 8sEe urgelﬁ%r?é@a%gﬁ ?Cgéstt?%?aetg %ﬁléhheth?g%e@ seWr ecei ved

fromthe address bus; a push buffer coupled with the

data bus interface to store data to be pushed to the

cache nenory;a cache request queue cqupled with the

push Khf f eT’?‘/e parafgof a@gﬁé§mrefm eé‘g‘g‘%@e‘ﬂ‘émﬁ? CE gperates to

schedul e a cache wite operation to cause the data to
paalygeithe pyshrenuestdo deterine whether the address bus interface corresponds to

a target for the request and generate an acknowledgement if the device receiving the

request is the target for the request.

20. A system comprising:

a cache memory;

an address bus interface to receive a push request from an address bus;

a data bus interface to receive data to be pushed to a cache memory from a data
bus;

a bus queue coupled with the address bus interface to store push requests
received from the address bus;

a push buffer coupled with the data bus interface to store data to be pushed to

the cache memory;
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menory; and one or nore substantially omidirectiona

antennae coupled with the data bus. 21. The system of
wW@b@icin2@7 f urt her conpri sing one or nore i nnerpdBU81005/021382

caches coupled with the bus queue that do not receive

the data fromthe cache request queue. 22. The system

of claim2lwherein the address bus interface snoops

transactions involving the cache request queue. 23.

The systemof claim2 1 wherein the address bus

i nter ﬁ&é@esrmaﬁwv%m@émﬂsthﬁ Ay Rtiey theteusiquguapand ibe cache

24. The systemof claim2 1 wherein the address bus

imene0Ty seechedidop sache smiaoparasion to aausk therdgta thde iwritten to the cache

| evel caches. 25. The system of claim 20 wherein the

axpinryraaduest queue operates to schedule a wite

operation to cause the data to be witten to an entry

i Nt hen€acherersabtnially emiRisecttbihPandérué EdipledrvittOhe 4G bus.

entry in the cache nenory, store the data in the entry

in cache nenory, and deallocate the data fromthe push

buffer.26. The systen1of claim 20 wherein the address

bus | D €1 T 2R ARAN &f &sind ) ARANBRIRG BHE G HERURRE 142

determ ne ress bus i n

T T

is the target for the request.
queue.

22.  The system of claim 21 wherein the address bus interface snoops

transactions involving the cache request queue.

23.  The system of claim 21 wherein the address bus interface snoops

transactions involving the bus queue.

24, The system of claim 21 wherein the address bus interface snoops

transactions involving the inner level caches.

25.  The system of claim 20 wherein the cache request queue operates to
schedule a write operation to cause the data to be written to an entry in the cache
memory, request data arbitration for the entry in the cache memory, store the data in the

entry in cache memory, and deallocate the data from the push buffer.
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27. An apparatus conprising: a cache nenory; an

address bus interface to receive a push request from
w@amoadiness bus; a data bus interface to receiPer/ust0as/021382

to be pushed to a cache nenory froma data bus; a bus

queue coupled with the address bus interface to store

push requests received fromthe address bus, wherein

t he address bus interface snoops transactions

i nvol vi ng the bus queue; a push buffer coupled with

the data bus interface to store data to be pushed to

the cache nenory; a cache request queue coupled with

t he pd&h bUhg system pfeclaims2(ypukarein shechddhass busdhterfaemapeyatésdo

schedul e a cache wite operation to cause the data to

lealywei the¢ pushtrequekteto dateheinesilthyr thehddressibub irterfatd césssponds to

bus interface snoops transactions involving the cache

AP Sor e edRest ANE BER T4 anTiukAowRASEMene athe 88\6d¥aSceiving the
coupled with the bus queue that do not receive the

dafudst iy @A BR feasb Requeguest queue, wherein the address
bus interface snoops transactions involving the inner

| evel caches. 28. The apparatus of claim 27 wherein
the cache request queue operates to schedule a wite

oper at i on u he data to be witten to an entry
in t hg]‘cachg aggargt%s Eompnsmg.

a cache memory;

an address bus interface to receive a push request from an address bus;

a data bus interface to receive data to be pushed to a cache memory from a data
bus;

a bus queue coupled with the address bus interface to store push requests
received from the address bus, wherein the address bus interface snoops transactions
involving the bus queue;

a push buffer coupled with the data bus interface to store data to be pushed to
the cache memory;

a cache request queue coupled with the push buffer, the bus queue and the cache
memory to schedule a cache write operation to cause the data to be written to the cache
memory, wherein the address bus interface snodps transactions involving the cache

request queue; and
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menory, request data arbitration for the entry in the

cache nenory, store the data in the entry in cache
woreowwny204and deal | ocate the data fromthe pushedrismns/o21382

29. The apparatus of claim 27 wherein the address bus

interface operates to analyze the push request to

determ ne whether the address bus interface

corresponds to a target for the request and generate

an acknow ed i.f the deyice.rgceivin
is t h(gxet05|rx§> mlns eycﬂ éa?hga £ ed with the Buy Iqu etth £ab 5 gcc'egve
the data from the cache request queue, wherein the address bus interface snoops

transactions involving the inner level caches.

28.  The apparatus of claim 27 wherein the cache request queue operates to
schedule a write operation to cause the data to be written to an entry in the cache
memory, request data arbitration for the entry in the cache memory, store the data in the

entry in cache memory, and deallocate the data from the push buffer.

29.  The apparatus of claim 27 wherein the address bus interface operates to
analyze the push request to determine whether the address bus interface corresponds to
a target for the request and generate an acknowledgement if the device receiving the

request is the target for the request.



