%

menory i nt'eﬁgonmct sincluding a nmechanismfor invalidating a Ea!tlé/l[)? oﬂ@f;y
the external cache nmenory, the nenory interconnect further being separatl
fromthe processor subsystem wherein the menory interconnect

i nvalidates the data block in response to an invalidate advisory (IVA)

i ndication included in a wite invalidate (WRI) operation issued by the
processor subsyst emthat specifies the data bl ock. 6. The conputer
systemof claim?5 further c@AIKSROUND OF THEINVENGI@NI ty of duplicate tags
mai nt ai ned by the marmr i nterconnect, the duplicate tags corresponding to
the cache? &b QBCHANISN HEQR  BNVALYDATING, RATAOSTOBED! INNENBrring |
data to a o ﬁ'rﬁ%ﬁ;‘é%rﬁh’écb PRAGEREABr INi At COMBUNBR! SYEIBY separate from
but coupl &d t o EHEIER CFcEHBIN N tiMiem the processor subsystemincluding an
external cache nenory, the nethod conprising the steps of:

. determ ning whether a data block is present in the external cache nenory;

| ssuing a wri tgplaWALLARKR QS paREHE b We TRAG! JNdoRGpUtAE s§&fetns?! Ridfe! © bE

stored in the
particularly, this invention relates to a computer system that includes a system

level mechanism for invalidating data stored in the external cache of a

processor in the computer system.

10 2. BACKGROUND:

Prior computer systems typically include one or more processor
subsystems and one or more input/output subsystems coupled to a main
memory subsystem. Such a main memory subsystem typically provides storage

15 areas for instructions and data for the processors, as well as storage areas for data
transfer to and from input/output devices coupled to the i.npui-t/ output
subsystem. Typically, the processor subsystems and the inpﬁt/ output
subsystems are coupled to the main memory subsystem via a physical
interconnect that provides a common bus or a switched interconnect data path.

20 | |

A processor subsystem in such a system typically includes an associated
external cache memory. Such an external cache memory usually stores selected
blocks from the main mex';lory subsystem. An external cache memory usually
provides fast processor access to code and data by avoidmg'e;t;mal fetches to

25 ..the main memory subsystexh for datablocks that are stored in the cache. In
addition, such a computer ;ystem typically implements a protocol for
maintaining data coherency between the main memory and the corresponding

datablocks in the external cache memory. For example, each extemnal cache



menory intekconnect, the WRI operation further including an invalidate

advi sory (IVA) indication that indicates to the nmenory interconnect whether
the data block is present in the external cache nenory; and

i nvalidating the data block in response to detecting the IVA indication.

8. The nethod of claim7 wherein th@ step of issuing a WRI operation

I ncl udes specifying a data block that originates froman |I/0 subsystem

coupl ed 1 0 hémol Fppitallpiinclodenacet of ags thal heditstelthd validityaitan8 offtheei n
the step of determning whether a datagbl ock is present in the external
cache nenordatablotksistoredidn she pxteimpleracbeni ng a cache tag | ook- up oper at i on.
AVENDED SHEET

Typically, such a computer system provides a mechanism for performing
5 coherent data input/output. For example, an input/output subsystem in such a
computer system commonly injects new data into the system by issuing write
invalidate (WRI) opérations to the main memory subsystem. Such write
invalidate operations may occur, for example, when a new page of data is read
from a disk device coupled to the input/output subsystem.
10 |

In addition, a processor subsystem commonly injects nev; data into the
computer system using WRI operations during block copy operations. Such
block copy operations occur, for example, during data structure initialization or
during file copy operations in the computer system. Such block copy operations

15 occur at a relatively high rate in a typical prior computer system.

Such WRI operations usually require the invalidation of corresponding
data blocks stored in an external processor caches to maintain data coherency in
the system. Typically, such an invalidate operation on an external cache is only

20 necessary when the tags for that external cache indicate that the newly injected

datablock is present.

In some prior computer systems, such an invalidation operation is
performed within each processor subsystem. In such a system, a processor reads
25 the cdrresponding external tags to determine whether an invalidate operation is
required during a write invalidate transaction. However, such a mechanism
requires that each processor perform a tag read operation and potentially a tag

read-modify-write operation for each WRI operation issued to the memory



subsystem Such WRI operations occur at a frequent rate in typical prior
systens and interfere with normal instruction execution by the processors,
t hereby sl owing the overall performance of such a system Mbreover,
processor subsystens t hat perfor? such self-invalidation operations
may be inconpatible 5 wth systens that provide directory based tags in
the nmenory subsystem Some conputer systens nmay inplenent a
wor st cas eslﬁﬁ_%&aﬁ.h SuRhSWRI operatibi/ 8thi#aites HPGLANH rARSin F;?icelxpﬂbi- e, a
system may bl i'ndly perform an external cache.invalidate operation for
every Wi tsystemaldrdhiraeifesnodtit nonmahitstarction execution tyhthapredsseers,
- specified by the wite invalidate transaction is present_in the

ext ernal cthereby Slosvingnthienaegrali pasfanpeance) ofrsuch asyfdems siioyeqyrindragesspe
speci fied datablock is not store n the external cache. Un

' Lt tel.
oheh o Sesiens shat PeRARGRHCD SHEIPHGALORRAFAGPE FADh PRI Patible
: ti f th .. 15 . ddi t ]

vl dht cvaRT T dhabpiaar citncay based daps i Aty MR, o

' operations while not during other types of bl ock copy operations. For
exanpl e, a processor subsystemmay require an invalidate operation
during bl ock: cogyman@mblfiSysteths BefieMpRIMEGI RISt cada approays t& Buch hat
t he processor subsystemw |l “not latér access. On the other hand, bl ock
copy paelidate Bpetdtiins Fércextahple, acysteno nidyablindbt perfgemi an ekternal
conmput er system

cache invalidate operation for every write invalidate transaction whether or not

10 the datablock specified by the write invalidate transaction is present in the
external cache. Such an invalidate operation is unnecessary whenever the
specified datablock is not stored in the external cache. Unfortunately, such
unnecessary invalidate operations interfere with normal operations of the
processor.

15

In addition, such invalidate operations may be required during some
types block copy operations while not during other types of block copy
operations. For example, a processor subsystem may require an invalidate
operation during block copy operations that generate new memory datablocks

20  that the processor subsystem will not later access. On the other hand, blc;ck copy
operations that write datablocks to stable storage in the computer system
typicé]ly do not require an invalidate operation to the external cache if the
processor retains control over the datablocks transferred to stabie storage. Prior
systems that blindly perform invalidate operations usually cause the processor

25 subsystem to later perform an external fetch to the n-temory subsystem for the
specified datablocks. Unfortunately, such unnecessary external fetches to the

memory subsystem slows the overall throughput of such a computer system.



typically do not require an invalidate operation to the external cache if
t he processor retains control over the databl ocks transferred to
stabl e storage. Prior systens that blindly performinvalidate
operations usually cause the processor 25 subsystemto |ater perform an
external fetch to the nenory subsystem for the speci fi ed dat abl ocks.
Unfortunately, such unnecessary external fetches to the menory
subsystem sl ows the overall throughput of such a computer system

4 NVENTI ON
conputer systemis disclosed ubsystem and a

processor subsystem having an external cache wherein the nenory subsystem
5 includes a nmechani smfor invalidating datablocks in the external cache.

ITE \e/al dati g grrpmt EmpY:tdedPsteriiQs idis dsdasinal uthfg anineMolrpsubsykteinand al se
processor subsystem having an external cache wherein the memory subsystem

5 includes a mechanism for invalidating datablocks in the external cache. The

| computer system also includes a mechanism for reducing false invalidation

operations by proviciing hints to the memory subsystem of the state of data in

the external cache.

10 The processor subsystem issues a write invalidate message to the
memory subsystem that specifies a datablock and that includes an invalidate
advisory indication. The invalidate advisory indication indicates whether the
datablock is present in the external cache. The invalidate advisory indication
determines whether the memory subsystem transfers an invalidate message to

15 the processor subsystem that invalidates the datablock in the external cache.

The mechanism in the memory subsystem for invalidating the external
cache of the processor simplifies the design of the processor to external cache -
interface and reduces the impact on processor performance of write invalidate

20 operations in the system. Such an external mechanism for cache invalidation
also eliminates read-modify-write operations by the processor to the external
cache during write invalidate operations that would otherwise impact processor
performance. In addition, such an external mechanism for cache invalidation
provides a processor subsystem that is compatible with multiprocessor systems

25 that maintain -difectory based or duplicate tags and with uniprocessor systems

that do not maintain directory based or duplicate tags.

A



operations by providing hints to the memory subsystem of the state of data

in t he external cache. 10 The processor subsystemissues a
wite invalidate nessage to the menory subsystemthat specifies a
dat abl ock and that includes an invalidate advi sory indication. The

i nval i dat e advi sory indication indicat®s whether the dat abl ock is

present in the-external cache. The invalidate advisory indication
det erm nes whether the nenory subsystemtransfers an invalidate nessage to
15 the processOtheufeayaresanchadvantages afithe present investioskwilh berappaxert nal

cache. The mechani smin the nmenory suhsystem for ipnvalidating
the exter nEpm the accompanpng vasee%r&gfr%? ﬁfb%/ .dﬁfaéﬁeydtﬁt% fogthat t he

processor %@?ﬁXtﬁ%ﬁﬁl cache interface and reduces the inpact on
processor kit X& of wite invalidate 20 operations in the system
Such an external mechanismfor cache invalidation al so elimnates
read-nodi fy-wite operations by the processor to the external cache

during wite invalidate operations that woul d ot herw se inpact processor



performance. In addition, such an external mechanismfor cache invalidation
provi des a processor subsystemthat is conpatible with nultiprocessor
systens 25 that maintain directory based or duplicate tags and with

uni processor systens that do not maintain directory based or
dupl i cate tags. 6 5 Ot her
features and advantages of the present invention wll be apparent fromthe

gclconpanyi ng drawi ngs, and fromthe detail ed description that follows
el ow.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limitation
in the figures of the accompanying drawings in which like references indicate

5 similar elements, and in which:

Figure 1 illustrates a computer system 10 for one embodiment including

a processor subsystem, an input/output port, and a memory interconnect

subsystem;
10
Figure 2 illustrates a processor subsystem which includes a processor, an
external cache and associated set of external tags, and a memory interconnect
port interface;
15 Figure 3 illustrates the input/output port for one embodiment including

a standard input/output bus interface and a port interface that enables coherent

input/output direct memory access to the main memory;

Figure 4 illustrates one embodiment of a request packet from one of the

20 memory ports Port 1 - Port N to the system controller;

Figure 5 illustrates the handling of a block store operation by the

processor subsystem for one embodiment.



6 BRI EF DESCRI PI ON OF THE DRAW NGS

The present |nvent|on Is illustrated by way of exanple and not limtation
inthe figures of the acconpanying drawi ngs in which |ike references
indicate 5 simlar elenents, and in which: Figure 1
illustrates a conputer systen110 for ome enbodi ment including a
processor subsystem an |nput/output port and a nmenory interconnect
subsystem 10 Fi gur elB YESSREEIQNDr ocessor subsyst em whi ch
i ncl udes a processor, an external cache and associ ated set of external
tags, and a nmenory interconnect port interface;

Figure 1 illustrates a computer system 10 for one embodiment. The
computer system 10 comprises a processor subsystem 20, and an input] output
5 port 22, and a memory interconnect subsystem 18. The memory interconnect

subsystem 18 provides shared access to a main memory 14 to the processor
subsystem 20 and the input/output subsystem 22. Elements of the computer
system 10 communicate with the memory interconnect subsystem 18 via a set of
memory ports 1-N. For eﬁample, port 1 for the processor subsystem 20

10 comprises a data path 40, an address path 42, and a control path 44, and port N
for the input/output subsystem 22 comprises a data path 46, an address path 48

and a control path 50.

The memory interconnect subsystem 18 includes a data path switch 12 to
15 the main memory 14, and a system controller 16. For one embodiment, the data
path switch 12 is a cross bar switch controlled by the system controller 16 via
set of control signals 54. The data path switch 12 enables data path access to the
main memory 14 via the data path of each port 1-N including the data path 40
and the data path 46. The system controller 16 functions as a memory controller
20 by decoding the addresses received from the processor subsystems 20-22-and by
generating memory control si.gnals including row address select (RAS) and
column address select (CAS) signals to the main memory 14 via a memory

control bus 56.

25 The system controller 16 receives memory access requests from the
subsystems 20-22 via the address path of each port 1-N including the address
path 42 and the address path 48. The system controller 16 arbitrates among the
requests from the subsystems 20-22 and configures the data path switch 12 to



15 Figure 3 illustrates the input/output port for one enbodi nent

I ncl udi ng a standard input/output bus interface and a port interface

t hat enabl es coherent i nput/out put direct nenory access to the main
menory;, Figure 4 illustrates one enbodi nent of a request
packet fromone of the 20 rrermry port8 Port 1 - Port Nto the system
controller; : Figure 5 illustrates the handling of a block store
operation by t he processor subsystem for one enbodi nment.

7. provide the necessary connectionsHET Ac¢4ED tORSCRrFMR IORmory 14 via a

memory data bus 52 or for subsystem to subsystem data transfers. The system
controller 16 responds with cache state transition control messages to the

processor subsystem 20 when necessary.

The memory access requests include, for example, write invalidate (WRI)
requests. The subsystems 20-22 use a WRI request to the system controller 16 to
write a specified datablock into the main memory 14. The system controller 16
processes a WRI request by configuring the data path switch 12 to provide the

10  proper source for the specified datablock. If the WRI request originates with the
processor subsystem 20, then the system controller 16 transfers messages via the
control path 44 to control the cache state transitions in the external cache of the
processor subsystem 20. _For example, the system controller 16 transfers
invalidate messages via the control path 44 to invalidate datablocks in the

15  external cache of the processor subsystem 20 when appropriate:

In another embodiment, the system controller 16 maintains a set of
duplicate tags that correspond to the external tags. In such a multiprocessor
embodiment, the system controller 16 accesses the duplicate tags via a snoop bus

20  coupled between the system controller 16 and the duplicate tags. For an

illustration of such an embodiment, refer to application serial no. filed

on March 31, 1995, and entitled Packet Switched Cache Coherent Multiprocessor

Computer System.

25 The input/output port 22 enables communication with a set of
peripheral devices 30-33 via a standardized input/output bus 58. The
standardized input/output bus 58 may comprise, for example, a SBUS or a

peripheral component interconnect (PCI) standardized bus. The input/output



Figure 1 illustrates a conputer system 10 for one enbodi nent. The

conputer system 10 conprises a processor subsystem 20, and an input/ out put
5 port 22, and a nenory interconnect subsystem 18. The nenory i nterconnect
subsystem 18 provi des shared access to a nmain nenory 14 to the processor
subsystem 20 and the input/output subsystem 22. Elenents of the conputer
system 10 communicate with the nenory interconnect subsystem 18 via a set
of menory .ports 1-N. For exanple, port 1 for the processor subsystem
20 10 conprises a data path 40, an address path 42, and a control path 44,
and port Nport 22 jmplerhentsripdirectinpmoruacess omchanisonthatsprovidesatahepenth 46,
an address,patz 48 and a control path 50. The rrem)r%béi

i nt er connePPY(BURt-PPerations | tadbe mammenenhl4 Mmoughithe; gysterm conyeolles; n
menory 14, @ﬂd a systemcontroller 16. For one enbodi ment, the data

pat h smﬁtc%’lz Is a cross bar switch controlled by the systemcontroller 16
via a set of control signals 54. The data path switch 12 enabl es data
path access to the main menory 14 via the data path of each port 1-N

i ncl udigng the dPitag%r@Qti'I'héQ’ates ﬂleaﬁfbckf%r%b%ﬁ@ﬁhﬂﬂfbr JiEeRolaREAOMTRO! | er

16 functions as menory controll'er 20 by decodi ng the addresses received

fromthe ppracesoesubsystysi 20BorRiprides ansrobyssor 70, feagemdlgcherdandant r ol
signal s including row address sel ect (RAS) and col utm address sel ect
(CAS) si grrsseciated $ad ofeixtermahtags 76along waitharpory interface ant r ol  bus 56.

The processor 70 issues memory load and memory store operations to the
10 external cache 74. The port interface 72 issues a cache requests to the system
controller 16 using a m&ssage' packet transferred via the address pass 42. The
cache requests include WRI transactions during block copy operations by the
processor 70. Each message packet transferred via the address pass 42 includes a
header that specifies the write invalidate request type along with an address that
15  specifies the datablock for the write invalidate transaction. The system
controller 16 processes a write invalidate transaction by configuring the
datapath switch 12 to transfer the corresponding datablock to the main memory
14.

20 For one embodiment, the WRI request packet to the system controller 16
includes an invalidate advisory (IVA) indication. The IVA indication
determines whether the system controller 16 issues an invalidate request back
to the processor subsystem 20 to invalidate the corresponding datablock in the
external cache 74. In addition, the processor subsystem 20 performs a copyback

25 operation to the memory interconnect subsystem 18 in response to the
invalidate request if the specified invalidated datablock is present in the

external cache 74.



25 The system controller 16 receives nenory access requests from

t he subsystens 20-22 via the address path of each port 1-N incl uding

t he address path 42 and the address path 48. The systemcontroller 16
arbitrates anong the requests fromthe subsystens 20-22 and configures
the data path switch 12 to 10

8 provi de the necessary connections for access to the main nenory
14 via a . menory data bus 52 or for subsystemto subsystem data
transfers. The system controller 16 responds with cache state

transition COntlTxghréfBSiHﬁQﬁStefthé lifput/outpup porie2 fur snbheydodimeat. witbea
necessary. The nmenory access requests I ncl ude, for
exanpl e, vmptlb/ outpat ipoat 22 coRprises a standayddnpst/ qukpus bysyintesfase 8. glongse a
WRI request_to the systemcontroller 16 to

with a port interface 82. The port interface 82 enables coherent input/output

direct memory access to the main memory 14 through the system controller 16.

Figure 4 illustrates one embodiment of a request packet from one of the
memory ports Port 1 - Port N to the system controller 16. For this embodiment,
the request packet is transferred in two cycles via the appropriate memory path
to the system controller 16. The physical address of the request packet specifies a

10 datablock of the main memory 14 for the request packet. During a WRI
transaction from the processor subsystem 20, the transaction type field of the
first cycle of the request packet indicates the write invalidate transaction type.
The IVA bit indicates whether the processof subsystem 20 requires an invalidate

| request for the corresponding write invalidate transaction to invalidate the

15 datablock in the external cache 74 and tags 76.

Figure 5 illustrates a block store operation by the processor subsystem 20
for one embodiment. The block store operation may occur, for exaniple, during
a block copy by the processor subsystem 20. At block 100, the processor 70 issues

20 a block store operation to the external cache 74.

At block 102 the port interface 72 generates a write invalidate request
packet that specifies the datablock of the block store operation from the
processor 70. At decision block 104, the processor 70 determines whether the

25 specified datablock is being retained. If the specified datablock is not being
retained by the processor 70 at decision block 104, then control proceeds to block
106.



wite a specified datablock into the main nenory 14. The system controller
16 processes a WRI request by configuring the data path switch 12 to
provide the 10 proper source for the specified datablock. If the WRI
request originates with the processor subsystem 20, then the system
controller 16 transfers nessages via tlie control path 44 to control
the cache state transitions in the external cache of the processor
subsystem 20. For exanple the systemcontroller 16 transfers

| val i dat e messagegl Adhe LOMERL A4S hO IuAEl IHEhE IRl Rl aRld 0 the

15 external cac e’ protessor 's stem ppropria
| n anot her reg@ rﬁﬂz ta§§3ﬁ1b?¥§t1ﬁmlé:%e}triﬂltérﬁceb@ PRt ES a@b&?&k 48 the
a cor e

duplicate ta respond to t external tags. In such

mul ti pr ocegat interface #aliosiegethe, wiikeirtitidate fiesotd the s’lyfistémcrmmﬂletrm@
duplicate-tags via a snoop bus 20 coupled between the systemcontroller 16

and the duptia the addegs patbr2an illustration of such an enbodi nent,
refer to application serial no.__ filed on March 31, 1995, and
entitled Packet Switched Cache Ooher ent Miltiprocessor Conmput er
Syst em

If the specified datablock is being retained by the processor 70 at decision
block 104, then control proceeds to decision block 110. At decision block 110, the
processor 70 determines whether the specified datablock is present in the
external cache 74 by performing a tag look-up operation to the external tags 76.
10 If the' specified datablock is not present in the external cache 74, then control
proceeds to block 108 to issue the write invalidate request to the system

controller 16. Otherwise control proceeds to block 112.

At block 112 the processor 70 sets the IVA bit in the write invalidate
15  request packet to indicate that a write invalidate request for the datablock is
required from the system controller 16. Thereafter, control proceeds to block 108

to issue the write invalidate request packet to the system controller 16.

In the foregoing specification the invention has been described with
20 reéference to specific exemplary embodiments thereof. It will, however, be
evident that various 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

as illustrative rather than a restrictive sense.



25 The input/output port 22 enabl es comrunication with a set -of
peri pheral devices 30-33 via a standardi zed i nput/out put bus 58. The
st andardi zed i nput/out put bus 58 may corrprl se, for exanple, a SBUS or a

peri pheral conponent interconnect— PCI% andardized hus._The i nput/ out put
9 port 22 inplenments a directlne SHEE$${A§%‘§WLsmthat

FL?XLSﬁStﬁghiii?ﬂlﬂllllllﬂulllﬂﬂ“m PGP LB A, el 1 Vst rat es

the processor subsystem 20 "for one errbodl ment. The

This Sheet Has Been Reilac
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1. A computer system comprising a processor subsystem having an extemnal

What is claimed is: l

5 cache and further comprising a memory subsystem with a mechanism that

invalidates a datablock in the external cache.

2. The computer system of claim 1, wherein the memory subsystem
invalidates the datablock in the external cache during a write invalidate

10  operation the specifies the datablock.

3. The computer system of claim 2, wherein the processor subsystem issues
the write invalidate operation to the memory subsystem that specifies the
datablock and that includes an invalidate advisory indication that indicates

15  whether the datablock is present in the external cache.

4. The computer system of claim 3, wherein the invalidate advisory
indication determines whether the memory subsystem transfers ancinvalidate
message to the processor subsystem that invalidates the datablock in the

20 extemal cache.

5. A computer system, comprising:
processor subsystem ha\}ing an external cache memory including
external tags; o
25 memory interconnect including a mechanism that invalidafes a
datablock in the external cache;
wherein the processor subsystem issues a write invalidate operation to

the memory subsystem that specifies the datablock and that includes an



processor subsystem 20 conprises a processor 70, an external cache 74, and
an associ ated set of external tags 76 along with a port interface 72.
The processor w and nenory store operations to the 10
external cache 7 The port interface 72 Fes—a—tach g—requests to the
syst em cont !ﬁ,mmm aeT'Iﬂ§cﬂlﬁETtm/emlEENr 2d via the

addr ess pass 42. H : Act i ons duri ng
bl ock copy operatlons by thhe s * processor F age packet
transferred via the address pass 42 includes a header t hat specifies
the wite invalidate request type along with an address that 15 specifies
the dat a%@ﬂkdit@ra&moxy irld@cdtiyrattiA ahichianahettied the HiRalsek @dMpresent in
controller 16 processes a wite invalidate transaction by configuring the
dat apat h theieik¢dinhPcachetr ansfer the correspondi ng dat abl ock to the main
menory 14. 20 For one enbodi nent, the WRI request packet to
the systemcontroller 16 I ncl udes an invalidate advisory (IVA)

i ndi cation. The | VA indication . . .
The computer system of claim 5, wherein the memory interconnect

5 maintains a set of duplicate tags that correspond to the external tags.

7. The computer system of claim 5, wherein the memory interconnect
invalidates the datablock in the external cache in response to the write
invalidate operation the specifies the datablock.

10
8. The computer system of claim 7, wherein the invalidate advisory
indication determines whether the memory interconnect transfers an
invalidate message to the processor subsystem that invalidates the datablock in
the external cache. | .

15
9. A method for invalidating a datablock stored in an external cache of a
processor in a computer system, comprising the steps of transferring a write
invalidate operation that specifies the datablock to a mé};*t'ory interconnect and
then invalidating the datablock in response to an invalidate message received

20 from the memory interconnect.

10.  The method of claim 9, wherein the write invalidate operation to the
memory interconnect specifies the datablock and includes an invalidate
advisory indication that indicates whether the datablock is present in the

25 extemal cache.

\\\
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determ nes whet her the systemcontroller 16 issues an invalidate request
back to the processor subsystem 20 to invalidate the corresponding
dat abl ock in the external cache 74. : ocessor

subsystem 20 per ybac 25 1qPe aKHISISHEETﬂ-HéEiEEN). i nt er connect
subsystem 18 in re | nvil i datﬁﬁ@@ﬁét i f {the specified

i nval i dat ed dat abl mg‘\;“%ﬂ HI t he - externar 74.

10 sst¥ates the input/output port 22 for one
enbodi ment. The i nput /out put port 22 conprises a standard

i nput/out put bus interface 80 al ong with a port interface 82. The port

interface Bf enfhe efiehddesLdlaim D) W Ratei the invalidate advisory indication
determines whether the memory interconnect transfers the invalidate message

to the processor that invalidates the datablock in the external cache.
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direct menory access to the main nenory 14 through the systemcontroller

16. 5 Figure 4 illustrates one enbodi ment of a request packet
fromone of the menory ports Port 1 - Port Nto the systemcontroller
16. For this enbodi nent, the reqyagst packet is transferred in two
cycles via the appropriate nenory path to the systemcontroller 16.

The physical address of the request packet specifies a 10 datablock of the
mai n menordy SYSTRY RENEL MECHANDSM KEOR DNVAGLIDATING DATA STORESAthi eAgfrom

t he procedSOfERNMs \GAGHE OF A hBROCESSOR t INNA t GQMPUTER dSYSTEME first
cycle of the request packet indicates the wite invalidate transaction
type. The I VA bit indicates whether the processor subsystem 20
requires an invalidate request ABGIRAGE corresponding wite invalidate
transaction to invalidate the 15 datablock in the external cache 74 and
tags 76. . Figure 5 illustrates a block store operation by the

PLOCESSOT UKL S Al yptary P e AR T LBy L BL G, PR 1 1
Uty bt A5 fello o ARaPtadi it gl bl 1
I nt er fsaceindalidaHAE HaBRed detdB18cky WPt sroRedsdH 48BSystem and for reducing false
invalidation operations . The processor subsystem issues a write invalidate
message to the memory subsystem that specifies a datablock and that includes
an invalidate advisory indication that indicates whether the datablock is present
in ﬂm_ external cache. The invalidate advisory indication determines whether
10 the memory subsystem returns an invalidate message to the processor

subsystem for the write invalidate operation.

(Figure 1)



packet that specifies the databl ock of the block store operation fromthe
processor 70. At decision block 104, the processor 70 determ nes- whet her
the 25 specified datablock is being retained. If the specified databl ock

I s not being retai ned by the processor 70 at decision block 104, then
~control proceeds to block 106.1/5 : At bl ock 106,
the processor 70 clears the IVA bit in the wite invalidate r equest

packet assenbled .in the port interface 72. Thereafter, at bl ock 108 the
port interface 72 issues the wite invalidate request to the system

controller 16 i the address path 427---5-———-~-—~-—=~- hf the
speci fi ed dat abl ock i:s bei ng retatned—by—tte processor 70 at Qeci si on
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bl ock 104, then control proceeds to decision block 110. At decision bl ock
110, the processor 70 determ nes whether the specified datablock is
present in the external cache 74 by performng a tag | ook-up
operation to the external tags 76. 10 |If the specified databl ock is not
present in the external cache 74, then control proceeds to bl ock 108
to issue the wite invalidate H@ﬁuest to the system controller 16.

QO herwi se control proceeds to block 112. At block 112 the
processor 70 sets the IVA bit inthe wite invalidate 15 request packet to
indicate that a wite invalidate request for the datablock is

required fromthe systemcontrol fer J16. Thereafyter, control proceeds to

bl ock 108 to issue the witg¢ invalidate rdqquest packet to the system
control l er 16. I'n Ihgg oregoi ng gpecification the invention
has been described with 20 refgjenge to speciflic exenplary enbodi nents
thereof. It will, however, be | “glevident thgt various nodifications and
changes may be nade thereto mﬁﬂgouﬁ; deparjting fromthe broader spirit
and scope of the invention as s&{ f@rth in thd appended cl ains. The
speci fication and drawi ngs are #¢cqgidingly to Ye regarded as

illustrative rather than a restﬁi CQ Ve sense.
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A retata it e

12 CTAIMB Wat is clai med

iS: 1. A conputer system conprising a processor subsystem having
an ext ernal 5 cache and further conprising a nmenory subsystemwi th a
mechani sm t hat i nval i dates a databl ock in the external cache.

2. . The conputer systemof claim11l, wherein the nmenory subsystem

i nval i dates the databl ock in the externa5 cache during a.wite invalidate
10 operation the specifies the databl ock.
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3. The conputer system of claim2, wherein the processor subsystem

i ssues the wite invalidate operation to the nenory subsystemt hat
specifies the dat abl ock and that includes an invalidate advisory
indication that indicates 15 whether the datablock is present in the
external cache. 4.  The conputer systemof claim3, wherein the
i nval i date advi sory i ndi cati on det4Pm nes whether the nenory
subsystem transfers an invalidate nessage to the processor subsystem
that invalidates the datablock in the 20 external cache. 5. A
conput er system conprising: processor subsystem having an
external cache nenory i ncl udi ng external tags; 25 menory
i nterconnect including a nechanismthat invalidates a, dat abl ock in
t he external cache; wherein the processorwsubsystem i ssues a
wite invalidate operation to fé
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t he nmenoey subsystemthat specifies the databl ock and t hat
13 I nval i.date advi sory indication that
dat abl ock is present
system of claim5, wherein the nmenory interconnect
duplicate tags that correspond to the external
conputer systemof .claim5, wherein

in

t he external

cache.

t ags. 7.

i ncl udes an

i ndi cat es whet her the

6. The conput er
5 nmnintains a set of
The

Re nenory i nterconnect
cache in response to the wite

i nval i dates the databl ock in the external
i nval i dat e operation the specifies the databl ock.
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s

10 = 8. The conputer systemof claim7, wherein the invalidate
advi sory “indi cati-on _det erni nes whet her the nmenory copiRect
transfers an I nval i date nessage to the processor LMMMEMHEET
invalidates th t he external cache.

met hod for i”V 'l““tm“]mm mll ock storgd in an extern IDad:saZf&M 3997 ......

processor in a conputér 8ysteny conprising the steps of

wite i nval i date operation that specifies the datablock to a nenory
i nt erconnect and then invalidating the databl ock in response to an
i nval i dat @MMS age received 20 fromthe nemory interconnect. 10.

The nmethod of claim9, wherein the wite invalidate operation to the

menory |n§ercoR%S@hu%ng§t %6 g{;ﬂ at abl ock and includes an invalidate

advi sory I'ndi catl ‘whet her the datablock is present in the
25 external cache. |
processor subsystem having an external cache memory; and

memory subéystem coupled to the processor subsystem, the memory subsystem
being separate from the processor subsystem,

the processor subsystem issuing a write invalidate (WRI) operation specifying a data
block to be stored in the memory subsystem, the WRI operation including an invalidate
advisory (IVA) indication that indicates to the memory subsystem whether the data block is
present in the external cache,

the IVA indication determining whether the memory subsystem, in response to
- receiving the WRI operation, sends a message to the processor subsystem to invalidate the
data block.

2. The computer system of claim 1 further comprising:

I/O subsystem coupled to the memory subsystem, the data block originating from thé
I/0O subsystem.

3. The computer system of claim 1 wherein the IVA indication is a single bit, the bit being
set to indicate the data block is present in the external cache, the memory subsystem sending
the message to invalidate the data block in response to detecting the bit as set.
4, The computer system of claim 1 further comprising:

a plurality of cache tags associated with the external cache memory, the processor
subsystem performing a cache tag look-up operation to determine whether the data block is
present in the external cache.

5. A computer system comprising:

processor subsystem having an external cache memory and associated cache tags;
and
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1%, * The net hod of claim 10, wherein the invalidate advi sory i ndi cation
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memory interconnect including a mechanism for invalidating a data block in the
external cache memory, the memory interconnect further being separate from the processor
subsystem,

wherein the memory interconnect invalidates the data block in response to an
invalidate advisory (IVA) indication included in a write invalidate (WRI) operation issued by the
processor subsystem that specifies the data block.

6. The computer system of clairh 5 further comprising: :
a plurality of duplicate tags maintained by the memory interconnect, the duplicate tags
corresponding to the cache tags in the processor subsystem.

7. A method for transferring data to a memory interconnect, the memory interconnect
being separate from but coupled to a processor subsystem, the processor subsystem
including an external cache memory, the method comprising the steps of:

determining whether a data block is present in the external cache memory;

issuing a write invalidate (WRI) operation specifying the data block to be stored in the
memory interconnect, the WRI operation further including an invalidate advisory (IVA)
indication that indicates to the memory interconnect whether the data block is present in the
external cache memory; and

invalidating the data block in response to detecting the IVA indication.

8. The method of claim 7 wherein the step of issuing a WRI operation includes specifying
- a data block that originates from an /O subsystem coupled to the memory interconnect.

9. The method of claim 8 wherein the step of determining whether a data block is present
in the external cache memory includes the step of performing a cache tag look-up operation.
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