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1 METHOD AND SYSTEM FOR SPECULATI VELY SOURCI NG CACHE MEMORY Fennt e
DATA W THI N A DATA- PROCESSI NG SYSTEM BACKGROUND OF THE *
I NVENTION 1. Technical Field The present invention relates

to a nethod and system for sharing cache nenofy data in general and, in
particular, to a nethod and systemfor sharing cache nenory data between a
processing unit and an |1/O device within a data-processing system Stil
nore particularly, the present .invention relates to a method and system for
specul atively sourcing cache nenory data froma processing unit to an
intelligent 1/0 d&EEOD,AND SYSTEN, FOR SRECIH HRCING CA MEMOR

SYSTEM EOR  SRRCIL e YD S Liph s
of the Prior Art BE m&ﬂﬂffiﬂm@% HePHEes at | east
one processing unit, a systemnenory, and various |/ O devices. A processing

unit may include a processor core having nultiple registers and execution
units for carrying out program i ggékecRdingor Tasagivieion t he processing
unit may have one or nore primary caches (i.e., level one or L1 caches),
such as an instruction cache and/or a data cache, which are inpl enented
utilizing high-sheed Tezhmiicad. FEaldher, the - processing unit al so may

i ncl ude additional caches, typically referred to as a secondary cache

(i.e., level two or L2 cache) for supporting the primary caches such as
t hose The present invention relates to a method and

system for sharing cache memory data- in gége;al and, in
parﬁicular, to a method and system-forféhafiﬁé cache memory
data between a processing unit and an I/OIdevice within a
data-processing system. Still more particularly, the present
invention relates to a method and system for ‘speculatively
souicing cache memory data from a processing unit to an
intelligent I/O device within a data-processing system.

2. Description of the Prior Art

A data-processing system, includes at least one
processing unit, a system memory, and various I/O devices. A
processing unit may include a processor core having multiple
registers and execution units for carrying out program
instructions. 1In addition, the processing unit may have one
or more primary caches (i.e., level one or Ll caches), such
ags an instruction céche and/or a data cache, which are
implemented utilizing high-speed memories. Further, the
processing unit also may include additional caches; typically
referred to as a secondary cache (i.e., level two .or L2
cache) for supporting the primary caches such as those

mentioned above.

Typically, the transfer of data from one processing
unit to another processing unit or to an I/0 device on a

system bus without going through the system memory is



menti oned above. Typically, the transfer of data from one
processing unit to another processing unit or to an I/O device on a system
bus w thout going through the system nmenory is referred to
as an intervention. An intervention protocol inproves system perfornmance by
reduci ng the nunber of cases in which the system nenory nust be accessed in
order to satisfy a read or read-with-intént-to-nodify (RWTM request by
any one of the processing units or |1/0O devices within the system

Broadl y speaking, when there is an outstanding read/ RWTM request by an I/ 0O
device, any one of the other processing units, attached to the system bus,

t hat possesses the requested data within its cache(s) can source the data

to the requeskkiged/ & dayige. 1&@%@&&@&raﬂatiﬁmeheasﬁvww&prot ocol ,

t he processi, g unit having the data residin t%ﬁcache vml% wait for a
" Conbi ned" FEBFBREE TYENAHeRGORECEnBY (T TLCHld PR FHEDSY SPE i Dr o
i ssui ng a danawhishrEpieststieam semoey tnhet da¢ cadgemweidt $ncacdef sho

At the sanesgltggfyt;leréa{@dsxt lf%&%! m@hewe&&%%%%o'm %ﬁ@) a}éc@*’&ed by an |

"retry" macp?anlsm ans%taaé_xrea TM request that coul d be sat]
i nt er vent i oRYcBEY (°BF G RESEEFEEE By 8 "oty dEVofeanyL i dhe he
processi ng sgstemon the systembus. |f one processing unit

Broadly speaking, when there is an outstanding
read/RWITM request by an I/O device,. any one of the other
proéessing units, attached to the system bus, that possesses
the requested data within its cache(s) can source the data to
.the requesting I/O device. Under the traditional
intervention protocol, the processing unit having the data
residing in its cache will wait for a "combined" response
from all processing units within the system before issuing a
data bus request to source the data from its cache(s).

At the same time, the traditional interxrvention
protocol also allows for a "retry" mechanism, and any
read/RWITM request that could be satisfied by an intervention
could also be interrupted by a "retry" from any one of the
processing units on the system bus. If one processing unit
responds with an intervention while another processing unit
responds with a "ret:ry,'.l under a well-established rule, the
retry response automatically overrules the intervention
response. As a result, if there is an outstanding retry
request by any one of the processing units on the system bus,
the processing unit that contains the data will not issue a

data bus request.

Consequently, it would be desirable to provide an
improved sourcing scheme in which intervention data will be
sourced to the requesting I/0 device in such a way that is



responds with an intervention while another processing unit responds wth a
“retry,” under a well-established rule, the retry response automatically
overrules the intervention response. As a result, if there is an :
outstanding retry request by any one of the processing units on the systen1
bus, the processing unit that contains the data will not issue a data bus
request. Consequently, it wouBd be desirable to provide an

i mproved sourcing schenme in which intervention data will be sourced to the
requesting 1/0O device in such a way that is

3 | ess influenced by the "retries" fromany of the processing units
within the data-processing system 4

less influenced by the "retries" from any of the processing

units within the data-processing system.



SUMVARY OF THE | NVENTI ON In view of the foregoing, it is
~therefore an object of the present invention to provide an inproved nethod
and system for sharing cache nmenory data. It is another object
of the present invention to provide an inproved nethod and system for
sharing cache nmenory data between a processing unit and an I/ O device

Wi thin a data-processing system 4 It is yet another object of
the present invention to provide an inproved nethod and system for

specul atively sourcing cache nmenory data froma processing unit to an
intelligent 1/0 device-within a data-processing system In
accordance with the nethod and system of the present invention, a

dat a- processi ng systen1inc|ugﬁﬁgﬁ?u} Fnﬁfﬁﬁ?ﬂ#ﬁﬁﬁﬁﬁing uni t, each having
at | east one cache nmenory and at least one intelligent I/O device. In
response to a request for data by an intelligent I/O device within the

dat a- processi ng syst ef) va8wl BECEMBNELRBgEL8PONSE 1S tBEHEE-EEORhACh ect
processing unit within the data:proce55|n%4§¥sten1haV|ng t he ﬁe uest ed
data. The PeqtRetBUCAERE FBVEREACTCRA PFOFHAC 3R mRENHES WPEAPH 8RE

processi ngsydtémbebsr shartagbtaeHer nepepgeddtom all processing units within
the data- processing systemreturns to the processing unit. Al

obj ects, features, and advantages of the present invention will becone
apparent in the follbwi bg derdahéedolfett evf ddserppdsemt invention to

5 provide an improved method and system for sharing cache
memory data between a processing unit and an I/0 device

within a data-processing system.

It is yet another object of the present invention
to provide an improved method and system for speculatively
sourcing cache memory data from a processing unit to an
intelligent I/0 device within a data-processing system.

In accordance with the method and system of the
present invention, a data-processing system includes at least
one processing unit, each having at least one cache memory
and at least one intelligent I/0 device. In response to a
request for data by an intelligent I/0 device within the
data-processing system, an intervention response is issued
from a processing unit within the data-processing system
having the requested data. The requested data is then read
from a cache memory within the processing unit before a
combined response from all processing units within the data-

processing system returns to the processing unit.

All objects, features, and advantages of the
present invention will become apparent in the following

detailed written description.



BRI EF DESCRI PTI ON OF THE DRAW NGS The invention itself, as well
as a preferred node of use, further objects, and advantages thereof, wll
best be understood by reference to the follow ng detail ed description of an
illustrative enbodi mrent when read in conjunction with the.acconpanying
drawi ngs, wherein: Figure 1 i8 a block diagramof a

dat a- processi ng systemin which the present invention may be applicabl e;
Figure 2 is a block diagramof an exenplary data- processing system for
illustrating a sourcing schene under the prior art; Figure 3 is
a high-level logic flow diagramfor illustrating a nethod for specul atively
sourci ng cache nenory data froma rocessing unit to an 1/O device within a
dat a- processing system 3%;%ECBF§EREBTEPFh B E?%fB?%@ENgﬁbodinent of the
present invention. 6

DETAILED DESCRIPTI ON ¥, A SRERERSE s EYEPE Mive11 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 data-processing
system in which the present invention may be applicable;

Figure 2 is a block diagram of an exemplary data-
processing system for illustrating a sourcing scheme under
the prior art;

Figure 3 is a high-level logic flow diagram for
illustrating a method for speculatively sourcing cache memory
data from a processing unit to an I/O device within a data-
processing system, in accordance with a preferred embodiment
of the present invention.



"The present invention nmay be inplenented in any data-processing system
havi ng at | east one cache nenory. Also, it is understood that the features
of the present invention may be applicable in various multiprocessor data-
probessi ng systens, each processor having a primary cache and a secondary
cache. Referring now to the.drawi ngs and, in particular, to
Figure 1, there is depicted a block diagramof a data- processing system 10
in which the present invention nay be applicable. Data-processing system 10
i ncludes nultiple central processor units (CPUs) 1la-11n, and each of CPUs
1l a- 11n contains a primary cache. As shown, CPU 1la contains a primary
cache 12a, while CPU 11n contains a primary cache 12n. Each of primary
caches 12a- 12n maPBRAIELER ARSARIBTIONeOF A PREFERRED EHBCRIMENTPUs 1la-11n
is coupled to each of secondary caches 13a-13n, respectively. Each of

secondary caches 13%-13n al so npy be a sectoyed, cache. CPUs, 11la-11n, §
primary caches 12a- 12A BRESEBEoHU%TRE IR RBY B3 imRlengited dihéed to eac
ot her vi a aatiaripeocensény 4Pstemahsykicmc deast yord . cdadememurgat 15 can be

either a b SWLt | C t re intelligent
|/ O devi cesq_ﬁ s%%a?&\gb ﬁﬁ‘éggé#‘?, %ﬁ%%%%l F %agg%/%ecgp%ggé ﬂ%n% %éls:e t he
ability to inyenties maYab%rmith%bf@ ianh¥ariewns Jysttcpnaaasspr data-

I ntel |i gentprd@sdenyCegstbms | 68adRYpidtidsede Mavimya ARkl Tadtd iaagd for
connunlcatln% wi th _anot hey data- processing systemvia networks such as an
| ntranet o “ATCEFREY. cache- As a preferred enbodi nent of the present

i nvention, a CPU, a primary cache, and a secondary cache, such as CPU
Referring now to the drawings and, in particular,

“to Figure 1, there is depicted a block diagram of a data-

- processing system 10 in which the present invention may be
applicable. Data-processing system 10 includes multiple
central processor units (CPUs) 1la-11ln, and each of CPUs 1lla-
1ln contains a primary cache. As shown, CPU lla contains a
primary cache 12a, while CPU 1lln contains a primary cache
12n. Each of primary caches 1l2a-12n may be a sectored cache.

Each of CPUs 1la-1ln is coupled to each of
secondaxry caches 1l3a-13n, respectively. Each of secondary
caches 13a-13n also may be a sectored cache. CPUs lla-11ln,
primary caches 12a-12n, and secondary caches 1l3a-1l3n are
connected to each other_ﬁia an interconnect 15 to a system
memory 14. Interconnect 15 can be either a bus or a switch.
Alsc attached to interconnect 15 are intelligent I1I/0 devices
16a-16n. Theée intelligent I/0 devices 16a-16n have the
ability to initiate data transfers to and from system memory
14. Intelligent I/0 devices 16a-16n may include various
adaptors utilized for communicating with another data-
processing system via networks such as an Intranet or
Internet.

As a preferred embodiment of the present invention,
a CPU, a primary cache, and a secondary cache, such as CPU



7 1lla, primary cache 12a, and secondary cache 13a as depicted in

- Figure 1, may be collectively known as a processing unit. Although a
preferred enbodi nent of a data-processing systemis described in Figure 1,
it should be understood that the present ynvention can be practiced within
a variety of systemconfigurations. For exanple, each of CPUs 1lla-11ln may
have nore than two | evels of cache nenory. Wth reference now
to Table 1, there is illustrated a nunber of established coherency
responses froma processing unit under the prior-art intervention protocol.
After an I/O device within the nultiprocessor data-processing system nmakes
a read or rldad- wnimsamt ercheo-Tanli fand Ryedddanguesthoilia sstdepbasedany

processi ng sunigds Wit hiqn %@g, t &8 TBYe 4 eneaefad he f%ﬂ§§E§§ I nic.
accordancezaffﬁdﬁﬁﬁlgﬂ, f?%% snoopl%gééyf éﬁ%eréﬁcy eSpo s@nlt
Priority AlthouRfisminysfierred embodimengpeof a data-processing sygtem
Reserved ig described@h Figure 1, i8 should be widafddd efyent£pa

010 ] . Reserve ) e 01 ] .
Reserved Present invepfjon can be practiced within alﬁgqﬁgty of system
101 confidurations. Muh fd:ethpld ereedH i CPUs 511a-11n wdP h?\lv?l

4 u or

d ean more th%.r}xart%% levels of %%}I}% jemory.

With reference now to Table I, there is illustrated
a number of established coherency responses from a processing
unit under the prior-art intervention protocol. After an I/O
device within the multiprocessor data-processing system makes
'a read or read-with-intent-to-modify (RWITM) request on a
system bus, any processing unit within the system may issue
one of the responses in accordance with Table I, after

snooping.

Coherency Response Priority Definition
000 - Reserved
001 3 Shared Intervention
010 R Reserved
011 : - Reserved
109 1 Retry
101 2 - Modified Intervention
110 4 Shared
111 5 Null or Clean

Table I

As depicted in Table I, the coherency responses
take the form of a 3-bit snoop response signal, with the



As depicted in Table I, the coherency responses take the formof a 3-bit
'snoop response signal, mnth t he 8
definition of each coherency response set forth. These signals are encoded.
to indicate the snoop result after the address tenure. In addition, a
priority value is associated with each regponse to al l ow a systen1|og|c to
determ ne which of the coherency responses should take priority when
formul ating a single snoop response signal to be returned to all processing
units all 1/0 devices on the system bus. For exanple, if a processing unit
responds with a shared intervention response (priority 3), and anot her
processing unit responds with a retry response (priority 1), then the

. processi ngdafiniwd éh dheed€hr yohespnsgervbpbnsakeepriorihy sthésehat the

t I I t h '
o ocessi ng THTtAER 5EF 1 Safoddt e “ERRLFREY RR PR R et Fhat THPE fached
on the systsidiess fHdmsreystrm dddiciomy aegrderluyvmalwmszsoapsnehﬁSed
wrhin the Sl &l oRUelsdSnde SY3L 2 &gnyg sHEh!18618 EEBLYS gﬁé%h%&f

Sever al oW~ ITEC smlm ai n cac
a proce55|ngfL#he)C¢hEI¢MSYomm%pon%¢St at%h%IPIEOEkWﬂgWh%ﬁuested and

therefore %ﬁﬁﬁkﬁ.@% SQUE i@esﬁééllan 3 sé h@@&aprc@rﬁq MEStuPHEEOES)

if a cache equest d data Excl usi ve"
state, thatabedroeeseingdprits ahk @yd%%CWtw nt%esx%%n?%rch or

contains aéﬁ@émﬂéopyfoai PRECERS In@N@ni s £éE56MIs tELPVMIashatéd however, a

cache hol ds, nterventlon response (priority 3), and another processing o
unit responds with a retry response (priority 1), then the
processing unit with the retry response will take priority
such that the sYstem logic will return a retry coherency
response to the requesting processing unit as well as to all
other proceésing units that are attached on the system bus.
This system logic may reside in various components within the

system, such as a system control unit or a memory controller.

Several well-known mechanisms may be employed to
ascertain which cache (of a processing unit) is the "owner"
of the data that is being requested, and therefore entitled
to source the data. Under the prior-art MESI protoccl, if a
cache holds the requested data in a "Modified" or an
"Exclusive" state, that means this cache is the only one
within the system which contains a valid copy of the data and
is clearly theé owner. If, however, a cache holds the
requested data in a "Shared" state; that means the data must
also be held in at least one other cache within the system.
Thus, potentially, either one of the two or more caches can
source the data. In such a case, several alternatives are

available to determine which cache should perform sourcing.

Referring now to Figure 2, there is depicted a
block diagram of an exemplary data-processing system for

illustrating a sourcing scheme under the prior art. As



requested data in a "Shared" state, that neans the data nust al so be held
-in at | east one other cache within the system Thus, potentially, either
one of the two or nore caches can source the data. In such a case, several-
alternatives are available to determ ne which cache should perform

sour ci ng. Referring now to Figure 2, there is depicted a bl ock
di agram of an exenpl ary dat a- processi ng stemfor illustrating a sourcing
schenme under the prior art. As

shown, for exanple, an intelligent 1/0O device 24 desires to nake a read or
RW TM request on a system bus 23, and L2 cache of processing unit 21
contains the data being requested by 1/0O device 24. Furthernore, the L2

cache withsRoRhQCessi Beawbiil 2@ S ntR1an gehtvalidd'gettidke 24t BRskZacache
W t hin proce§3|ng unit 217is in a "Mdified" state, and _the L2 cache within
processi ngMafhtt 225e88e Tn B ITBh EET ESe e GuSYEEGTIRUE. 2Pne 28Ghieq F&sthe
sequence obfapgtrbeassingl ubett akerot ad Hetpeciate béigacheqterted kg of

each processjng unit r performng_the soucge intervention _as dedi,cated by

The obl orca7bMdevict 59" PELLRE AR TS0 ke VR R R e G e

request, theitead/ R¥ Il aequ&astvaldid"ssaeped"” theof2syachm wish2d by

processi ng | p sshLng unit 22 .RrQC l.ng A . +An cache

directory ?ggk%sgiggpégggr%%dqfnqéagh gF%ggéegroggégghgggﬁiF§%2fé2§%§?e

det er ni ne whthibr psocassingeundguadt doeganati sonsaiidethei meguesk@dcache.

Because prggessi ngnenkhibedqhant! Beqeheesbedadelidns2Wil At BEVERkkA by a
respective L2 cache controller of each processing unit for
performing the source intervention as dedicated by the prior

art.

After I/O device 24 makes its read/RWITM request,
the read/RWITM request is "snooped" from system bus 23 by
processing unit 21, processing unit 22, and processing unit
23. An L2 cache directory lookup is performed in each of the
processing units 21-23 to determine whether or not the
requested data is resident in its L2 cache. Because
processing unit 21 has the requested data, an intervention
response will be issued by processing unit 21, and a finite
state machine within processing unit 21 will be dispatched to
control the following actions. If the data within the L2
cache of processing unit 21 is in a "Modified" state, a
modified intervention coherency response will be issued by
processing unit 21. Otherwise, if the data within the L2
cache of processing unit 21 is in a "Shared" or "Exclusive”
state, a shared intervention coherency response will be
issued by procegsing unit 21. Because the L2 cache within
processing unit 20 is in an "Invalid" state and the L2 cache
within proceséing unit 22 does not contain the requested
data, each of processing units 20 and 22 will send a null

coherency response.



response will be issued by processing unit 21, and a finite state nmachine

. wWthin processing unit 21 will be dispatched to control the foll ow ng
actions. If the data within the L2 cache of processing unit 21 is in a
"Modi fied" state, a nodified. intervention coherency response will be issued
by processing unit 21. Q heriise, if the ta wthin the L2 cache of
processing unit 21 is in a "Shared" or "EXxclusive" state, a shared

i ntervention coherency response will be issued by processing unit 21.
Because the L2 cache within processing unit 20 is in an "lnvalid" state and
the L2 cache within processing unit 22 does not centain the requested data,
each of processing units 20 and 22 will send a null coherency response.

10 Af tefréhechs sy@@ﬁ@n@é éhethélt,ezw@mé@mdsﬁ&’eeag@nse,
processing unit 21.is end|£ﬂ or_a éonblfed res nse i ch basica
e

i ncl udes, iFFYFFESHIR 12 oREPENEY T2Epon i TSBPPRERAY #‘F&Fﬁ
processi ng bagically P2chodes| Qoevhie edampld, ttiee rmlnmnenlcyon‘espedse

mmy start 7D Rt he PR GEACR PR Eorh WA TR M TTE BN i
20 and/ or p’i‘bce%i r@mlm‘atmeaéqcmbi.sgdare@m;sé oks vhatedefiedason, theII
ot r ogeadi Tt idh ' Andfrad eﬁgﬁ?’érve Frostarm WA e Reaup et |
processi ng gagC i rﬂ&eb?éeqlﬂﬁ%lt%@\ Ie%%ﬁqll%n If PrOCESSlan |
the data inpifie 4@ £rt)er ré’éé’@@fﬁgn@nili“iz Zﬁe@@stﬂéﬁ) heepesmgi Ebed or is

not resident, i.n“the L1 cac e., not LI |nclusu¥§2 si.nce the sno
action has ver. reason, the sourcing must yiel o the retry reqaest
(1 e., the sourcing sequence will not proceed), under the
.establlshed intervention protocol. For example, processing

unit 22 may be in a snoop queue busy condition.

If the data in the L2 cache of processing unit 21
has not been modified or is not resident in the Ll cache
(i.e., not Ll inclusive) since the snoop action has been
initiated, processing unit 21 may begin to make a system bus
request to the system bus arbiter (typically, the requested
data must be read into a buffer by the L2 cache controller
before the system bus request can begin). Otherwise, the L1
cache of processing unit 21 will be flushed and invalidated
(i.e., forcing the L1l cache to "push" any modified data back
to the L2 cache and invaiidating the copy in the L1 cache)
before any system bus request can be made. If the L1 cache
of processing ‘unit 21 is in a "Shared" state, however, only
an invalidation to the L1 cache is required before making any
data bus request.

Processing unit 21 then waits for a system bus
grant to return. The actual data-sourcing to I/0 device 24
will begin after the data bus grant is received. Once the
sourcing has completed, the L2 cache of processing unit 21
will be changed from a "Modified" state to a "Shared" state
for a read request and to an "Invalid" state for an RWITM



initiated, processing unit 21 may begin to nmake a system bus request to the
~system bus arbiter (typically, the requested data nust be read into a
buffer by the L2 cache controller before the system bus request can begin).
O herwi se, the L1 cache of processing unit 21 will be flushed and
invalidated (i.e., forcing the L1 cache tq “push” any nodified data back to
the L2 cache and invalidating the copy in the L1 cache) before any system
bus request can be made. If the L1 cache of processing unit 21 is in a
"Shared" state, however, only an invalidation to the L1 cache is required
bef ore maki ng any data bus request. Processing unit 21 then
waits for a systembus grant to return. The actual data-sourcing to I/O

devi ce 24 wddudmgi n Bides idiendatiBahye Of adtats ILcEhe etk &Xeketde
sour ci ng has_conpl et ed Iheébg cq&hgzof processing unit 21 will be changed
froma " MHEFIGFSHAEE LS efi“-state for a read request and to an
"Invalid" state for an RWTM request. There is no change of

o Co e s “Tron R AR HAR & Ve 11 somiaraltl o
specul at i vdlighsdigvsiingagiche ITmnodiaguan foompequlassaily amitcingan 1/ 0
embod ment Gk e TR e R e (AR U R U A SR T
request is'&itddped R -PraeaasimsSHSten B Reerdapemivktmiahin the
system as piePdirdd RnMddiment of the present invention. Starting at
block 30, a read/RWITM. request is snooped from a system bus
by all processing units within the system, as shown in bleck
31. An L2 cache directory 1ookup is performed to determine
by each processing unit as to whether or not the requested
data is resident in its L2 cache, as depicted in block 32. A
null ccherency response will be issued by all those
processing units that do not possess the requested data (such
as processing units 20 and 22 of Figure 2), as illustrated in
block 33, and the process exits at block 99. On the other
hand, an intervention coherency response will be issued by a
processing unit that possesses the requested data (such as
processing unit 21 of Figure 2), as shown in block 34.

After the issuance of the intervention coherency
response, the intervening processing unit must perform
certain cache housekeeping tasks, as depicted in block 35.
These tasks include flushing and invalidating the data copy
in. the Ll cache of the intervening processing unit if the
data copy in the L1 cache has been modified, or simply
invalidating the data copy in the L1 cache of the intervening
processing unit if the data copy in the L1l cache has not been
modified. ’

Subsequently, the requested data is read from the
L2 cache of the intervening processing unit, preferably, to a

buffer, and a request for the system data bus is made to a



31. An L2 cache directory |lookup is perfornmed to determ ne by each
processing unit as to whether or not the requested data is resident in its
L2 cache, as depicted in block 32. A null coherency response will be issued
by all those processing units that do not possess the requested data (such
as processing units 20 and 22 of Figure 2),_as illustrated in block 33, and
the process exits at block 99. On the ot hel? hand, an intervention coher ency
response will be issued by a processing unit that possesses the requested
data (such as processing unit 21 of Figure 2), as shown in bl ock 34.

After the issuance of the intervention coherency response, the intervening
processing unit nust performcertain cache housekeepi ng tasks, as depicted

|n block 35 oJhesk bskarbPeedeat! u3hiag-apdal MNabigak! pg.the data copy

in. the L1 cathe of the intervening processing unit if the data copy in the
L1 cache hasdeeermipabieedisonadenppytPnvBeEBari A RRk B2 aS¥8PF™ AatFe L1

cache of thepi8t RE¥EepLBA §FLREEQ] NAsUBhbwhf ihhBl8ekazeopy1fnthBesktreache
has not been nDd|L|ed Subseguentl h th& request ed data |s<iead
from the Lo GAERECUF hAS PRF PR A5 BEEesSRALIERI SeERTBTRREEPY, LEo Made
ligffer, and asrﬁauweaégﬁ@f éﬁenéytslke&bdbﬁ.ﬁebueoigéréﬁd? f@sp%nse has
systembus arbiter, ag i strated-in c : etermnation is
made as to wﬁ%ﬁ“ﬁ?egryﬁ%t ?ﬁea§9§Fgﬁ?déPagﬁﬁgkhgg‘begﬁ 5$%n?%§#l§§gshomm in-
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‘However, if the system bus has been granted,.a
.sourcing of the requested data from the intervening
proéessing'may begin by driving the requested data to the
system bus, as illustrated in block 39. - Another
determination is made as to whether or not a combined
coherency response has returned at this peoint already, as
shown in block 40. If the combined ccherency response has
not returned yet, the process will keep waiting for the
combined coherency response to return while continuing the
sourcing of the requested data to the system bus.

After the combined coherency response has returned,
a determination is made as to whether or not the combined
coherency response is a -‘"retry," as depicted in block 41. If
the combined coherency response is a retry, then the system
bus request (from block 36) will be cancelled if the system
bus has not been granted yet, or the sourcing of the
requested data will be aborted immediately, as illustrated in
block 42. Even if the sourcing has already been completed at
this point, the results will be discarded due to the retry
coherency resbonse. Otherwise, if the combined coherency
response 1is not a retry, the sourcing of the requested data
will continue, if it has not been completed, until its .

completion. Finally, the status of the L2 cache in the



as to whether or not a conbined coherency response has returned yet, as
~depicted in block 38. |If the conbi ned coherency response has not returned,
the process returns to bl ock 37. However, if the system bus has
been granted, a sourcing of the requested data fromthe-intervening
processing may begin by driving the requested data to the system bus, as
illustrated in block 39. Another determnation is nade as to whether or
not a conbi ned coherency response has returned at this point already, as
shown in block 40. If the conbi ned coherency response has not returned yet,
the process will keep waiting for the conbi ned coherency response to return
whil e contjnuing the sourcing of the requested data to the system bus.
After the tRRBTVRBIRBhEFEREFSEESpUASE HEs UPdRGLAcaccardénglyi nasi shown nade

as to whetfierbDocROL3| hgnaorhknpeoealar aRsY s 4EPBNSLK §92 "retry,” as
depicted in block 41. |If the conbined coherency response is a retry, then

the system bus request (fromblock 36) will be cancelled if the system bus
has not been grant edAgehasobethedesuitbag,oththpreeguesiadedatianwi || be

aborted i [ y il lustrated i Lock 42. Even if _the sourcing has
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the L2 cachiesGirsyre describes a novel intervention implemefdBation in :
which the requested data is read from the L2 cache of the
intervening processing unit before the combined coherency
response has returned.

The present invention has obvious performancé
advantages over the prior art because the delay between a
read/RWITM request on the system bus and the sampling of the
combined response can be several system bus clock cycles.
Hence, by allowing the requested data to be read from the L2
cache of the intervening processing unit before the combined
coherency response is received, the intervention latency is
reduced tremendously and the overall system performance is
significantly improved.

While the invention has been particularly shown and
described with reference to a preferred embodiment, it will
be understood by those skilled in the art that various
changes in form and detail may be made therein without
depérting from the spirit and scope of the invention.



_ihtervening processing unit is updated accordingly, as shown i I
and the process exits at block 99. As has been d4uﬂ“ Mgﬂ I HI"""
present invention provides a nethod for specul atively sourcing cache menory »

data froma processing unit to an intelligent 1/0O device-within a

dat a- processi ng system Specifically, thel$gresent disclosure describes a
novel intervention inplenentation in which the requested data is read from
the L2 cache of the intervening processing unit before the conbi ned
coherency response has returned. The present invention has

obvi ous performance advantages over the prior art because the del ay between
a read/ RWTM request on the system bus and the sanpling of the conbined
response can be several system bus cl ock&&3¥%es. Hence, by allow ng the
requested data to be read fromthe L2 cache of the intervening processing
unit before the conbined coherency response is received, the intervention

| atency is reduced trenendously and the overall system performance is
significantly inproved. Wil e the invention has been

particularly shqép agg ge?cribed mhtg.re erence to a grgferred engoginent,
it will be tinder8tB858°8Y tREsEPSKITPadVFnYt RRUAFLEnErVar 'oUS ¢naRgEs in
form and defmdth asprbeesadegt heiei howanhdntelidpgentnd/Ordaevibe wpthin and

EEZPEBOf thﬁaé&¥§96£8§sing systgﬁfrkaid processing unit includes !4t
least one cache memory, said method comprising the steps of:

in response to a request‘for data by said
intelligent I/O device within said data-processing
system, issuing an intervention response by a processing
unit having said requested data; and

reading said requested data from a cache memoxry
within said processing unit prior to a combined response
from all processing units within said data-processing

unit returns to said processing unit.



processing uni ¢ toran intel 11 gent 110 devi oo w thin a data- ol INAGRIHII RN

system said processing unit includes at |east one cache nenoty,¢sdid" *
met hod conprising the steps of: in response to a request for

data by said intelligent I/0O device within sai d dat a- processing

system issuing an intervention response a processing unit having
sai d requested data; and readi ng said requested data froma
cache nenory Wi thin said processing unit prior to a conbined response
fromall processing units within said data-processing unit returns to
sai d processing unit. 2
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The net hod § or ecul at,i vel (o] LN . dat C i_ng
unit to an Jl'nt el |ege“hetatl+9% %(%?\?/i %%gé\ﬂl?%?%?%ﬁéa é@%%(%rggs%énlégrs%}%?gﬁagggra di ng
to C ai m 1 £norerceipramss ingdinit stepatuintelligentdesO sdevipe ovitbadi ag
sai d reque K . & | 0 ' upkk gby a
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reading step further includes a step of reading said

requested data from a cache memory within said processing

unit-by a cache controller.

3. The method for speculatively sourcing cache memory data
~ from a processing unit to an intelligent I/O device within a
data-processing system according to Claim 1, wherein said
reading step further includes a step of reading said
requested data from a cache memory within said processing

unit to a buffer.

4, The method for speculatively sourcing cache memory data
from a processing unit to an intelligent I/0 device within a
data-processing system according to Claim 1, wherein said
request for data includes a read request or a read-with-

intent-to-modify request.

-

5. The method for speculatively sourcing cache memory data
from a processing unit to an intelligent I/O device within a
data-processing system according to Claim 1, wherein said

intervention response is a modified intervention response or

a shared intervention response.

6. The method for speculatively sourcing cache memory data
from a processing unit to an intelligent I/0 device within a

data-processing system according to Claim 1, wherein said



3. The nethod for speculatively sourcing cache nenory data f
processing unit to an intelligent I/O device within a data- prﬂmg IIH“" "Ill " |II|
system according to Claim1, wherein said reading step further*inc s
step of reading said requested data froma cache nenory within said
processing unit to a buffer. 4. The mgghod for specul atively sourcing
cache nenory data froma processing unit to an intelligent I/O device

Wi thin a data-processing systemaccording to Claim1l, wherein said request

for data includes a read request or a read-with- intent-to-nodify request.

5. The nethod for speculatively sourcing cache nenory data froma

processing unit to an intelligent I/O device within a data-processing

system accon@itttn@dt duGtdien Jinc/ﬂimisfsf na Sstiadb iof erbopptiingn seeisparesedirsg astep

nodi fied intery on re [, hared interven [ esponse. 6.

The net hod g % 04/] 6%? %‘%eas%oél%ﬁﬁsr% (Lfla rhﬁ‘rom a processing

unit to an |nteII|gent I/O device within a data-processing system according
to Gaiml, ;wher |

met hod furt her i nc uﬁét%c’dstfe%r O'Jfﬁg"{%lp%lrygel A urrecaéllgn c‘—’lscthee me%mor;fddata
returned cofstmed p@g@gﬁﬁ;qg;qnanﬁq/an intelligent I/O dev1ce within a

data process1ng system according to Claim 1, wherein said
method further includes a step of requesting a system bus for
sourcing of sald requested data by said processing unit
before the return of. said combined response.

8. The method for speculatively sourcing cache memory data
from a processing unit to an intelligent I/O device within a
data-processing system according to Claim 7, wherein said
ﬁethod further includes a step of sourcing said requested-
-data by said processing unit before the return of said
combined response.



7. The nethod for specul atively sourcing cache nenory data
processing unit to an intelligent I/O device within a data- pl ﬂmmll H!" |LI|I I“"l
system according to Caim1, wherein said nmethod further inclwdes a s
requesting a system bus for._.sourcing of said requested.data by said
processing unit before the return of. sajf conbi ned response. 8. The

nmet hod for specul atively sourcing cache nenory data froma processing unit

to an intelligent 1/0O device within a data-processing systemaccording to
Claim 7, wherein said nmethod further includes a step of sourcing said
requested data by said processing unit before the return of said conbined
response. 17 9. A processing
unit havi ng. a CacpeotesBiygcanabl kasfingpecehahevabyospucepagleadd to an
|nteII|gent device within.a data-process dg ssi ng

unit conpr7® éi EIVEEY sourc&gg a?g Eﬁ §§|%Hgggx?égerveﬁ?l0%6?§§ponse
froma w1mhnneasdagauprbcaﬁshng sas@emataapdopégsﬁﬁglsgsu@ht havi ng

a request ? §§£?s #Q)response to a request for sai d requested data by
said intel t devi ce Wi thin said data-processing systen "and
means for readlng said requested data froma cache

means for issuing an intervention response from a
broce551ng unit within said data-processing system
hav1ng a requested data, in response to a request for
said requested data by said 1ntelllgent I/0 dev1ce
within said data-processing system; and

means for reading said requested data from a cache
memory within said processing unit prior to a combined
response from all processing units returns to said

processing unit.



menory within said processing unit prior to a conbined 1

all processing units returns to said processing unit. mﬂmﬂﬂ[ﬂ“"muml
C L M S 18 10. The processtnge Ur
havi ng a cache nenory capabl e of speculatively sourcing data to an
intelligent 1/0O device according to Clainhg, wherein said nmeans for reading
Is a cache controller. 11. The processing unit having a cache nenory
capabl e of speculatively sourcing data to an intelligent |1/0O device

according to Claim9, wherein said neans for reading further includes a

means for reading said requested data froma cache nenory within said
processing unit to a buffer. 12. The processing unit having a cache

mermory capabh e Oofh&PSEsdSdE Vel YusQUr Bhvdngdakackohanmenbel| tgpable/ Bidevi ce
according to CI@hg]Q, erein said regugst for gai .inc%ug read request
or a read- RFCHAEHSIY- FOUFFiPedate; cO an 3nte 218?8 e Z@ngeﬁﬁFr havi ng
a cache neradyorded! o oflspecel avheekynssatdi mgadat fotoraadingelibi gent 1/ 0
devi ce accordi,n o) 9, wherein said intervention response fromsaid

i
processi ng THTES i SCREHBtT T ed i ntervention response or a shared
I ntervention response.

*

11. The processing unit having a cache memory capable of
speculatively sourcing data to an intelligent I/O device
according to Claim 9, wherein said means for reading further
includes a means for reading said requested data from a cache
memory within said processing unit to a buffer.

12. The processing unit having a cache memory capable of
speéulatively sourcing data to an intelligent I/O device
according to Claim 9, wherein said request for data includes
a read request or a read-with-intent-to-modify request.

13. The processing unit having a cache memory capable of
speculatively sourcing data to an intelligent I/O device
according to Claim 9, wherein said intervention response from
said processing unit is .a modified intervention response or a

shared intervention response.

14. The processing unit having a cache memory capable of
speculatively sourcing data to an intelligent I/O device
according to Claim 9, wherein said processing unit further
includes a means for stopping said reading by said reading

means if said returned combined response is a retry.



14. The processing unit having a cache nenory capable of sp
"sourcing data to an intelligent 1/0O device according to d ai Bm!ﬂmgﬁﬁnﬁ “LU“"
sai d processing unit further includes a nmeans for stopplng *
said reading neans if said returned conbined response is a retry.

[err] 19 15. The processing unit having a
cache nenory capabl e of speculatlvely sodPcing data to an intelligent 1/0O
device according to Claim9, wherein said processing unit further includes

a neans for requesting a systembus for sourcing of said requested data by
sai d processing unit before the return of said conbined response. 16.

The processing unit havi ng a cache nennry capabl e of speculatively sourci ng
data to an |nteI gent |/ O device. aim 15

e accor di ng_ to C% er g sapd
pr ocessi ng i t LntQﬁﬁc??ﬁﬁ%%é% A %ﬂén%f sHRF T PB4 ?%%%% ?eﬂ*data by
sai d procesgiemplatiivagf seurdingedata oé zmi intebbigent rEdpodseice

according to Claim 9, wherein said processing unit further
includes a means for reguesting a system bus for sourcing of
said requested data by said processing unit before the return
of said combined response.

16. The processing unit having a cache memory capable of
speculatively sourcing data to an intelligent I/0 device
according to Claim 15}-wherein said processing unit further
includes a means of sourcing said requested data by said
processing unit before the return of said combined response.



