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T80 ©)
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(or, where the applicant(s) is/are not the actual inventor(s))
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Paul Rubinfeld, 6 Heard Road, Wayland, Massachusetts, 01778
United States of America
is/27K the actual inventor(¥) of the invention and the facts upon which the applicant(¥)
is/XK entitled to make the application are as follows:
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Applicant is the assignee of ' the inventor.

(Note: Paragraphs 3 and 4 apply only to Convention applications)
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is/axx identified by country, filing date, and basic applicant() as follows:
™ United States of America =~

18 September 1986

Paul Rubinfeld
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made in a Convention country in respect of the invention the subject of the application.
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(12) PATENT ABRIDGMENT  (11) Document No. AU-B-77936/87

(19) AUSTRALIAN PATENT OFFICE  (10) Acceptance No. 603601
(54) Title
CACHE INVALIDATE PROTOCOL

International Patent Classification(s)
(51)* GO6F 013742

(21) Application No. : 77936/87
(30) - Priority Data

(22) Application Date : 02.09.87

(31) Number (32) Date (33) Country
908825 18.09.86 US UNITED STATES OF AMERICA

(43) Publication Date : 24.03.88
(44) Publication Date of Accepted Application : 22.11.90

(71) Applicant(s)
DIGITAL EQUIPMENT CORPORATION

(72)  Inventor(s)
PAUL RUBINFELD

(74) Attorney or Agent
PHILLIPS ORMONDE & FITZPATRICK, 367 Coilins Street, MELBOURNE VIC 3000

(57) Claim

1, A unit for connection to a bus in a digital data
processing system including at 1least one other unit
connected to said bus, the unit including a cache #zmory
having a plurality of entries eac. comprising a blstk, a
tag store and a stale indicator having a valid condition
and a stale condition, said unit further including a bus
interface circuit for connection to said bus for receiving
address . signals, an -address control signal having an
asserted condition and a negated condition, and a cache
control signal having an asserted condition and a negated
condition over respective 1lines of said bus, said bus
interface circuit Ffurther being connected to said cache
memory means and including: :

A. an address receiving circuit connected to said

bus reséonsive to said address control signal for

receiving said address signals;

‘B. a tag «comparator connected to said address
receiving tircuit and all of said tag stores for
determining if @& correspondence exists between said
‘address signals and the contents of said ‘tag stores
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(11) AU-B-77936/87 2
(10) 603601

in response to the receipt of a first cache control
signal and between incremented address signals and
the contents of said tag stores in response to the
receipt of a second cache control signal; and )
C. a stale indicator conditioning circuit
connected to said tag comparator and said Dbus
responsive to the receipt of said cache control
signal and a positive correspondence for
conditioning the stale indicator of the entry having
the positive correspondence to said stale condition.
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The invention relates generally to the field of digital
data processing systems and more specifically to systems for
marking as stale entries in processo? cache memory circuits

4 which include data for which the data stored in main memory

:Ihas been overwritten by other units in the system,

A typical digital data processing system includes three
basic elements, namely a processor element, a memory
"element, and an input/output element. The memory element
stores information in addressable storage locations. This
“‘information includes both data and instructions for
processing the data. The processor element includes one or

- more digital data proceésing units; or "processors", each of
) which causeé information to be transferred, or fetched, to
it from the memory element, interprets the incoming
information as either instructions or data, and processes

“the data in accordance with the instructions. The results
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are then stored in addressed locations in the memory

element.

The input/output element also communicates with thé
memory element in order to transfer information into the
system and to obtain the processed data from it. Units
comprising the input/output element normally operate in

¢ craccordance with control information supplied to it by the

ercC

¢cc crprocessor element. The control information defines the
L

EOEA R SN

2. i ol AR B854 1 4]t ST

i?f‘pperation to be performed by the input/output unit. At

"+ least one class of operations performed by an input/output

- unit is the transfer of user information, that is,
information used by a user program, between the input/output

¢°. unit and the memory element. Typical units comprising the

cEe

c et¢

« ¢ cinput/output element include, for example, printers,
. teletypewriters, and video display terminals, and may also
;include secondary information storage devices such as disk
or tape storage units.

In addition to functioning as input/output devices,
disk storage units and, under some circumstances, tape
storage units may also function as part of the memory

element. 1In particular, a memory element typically includes

hcansare
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a main memory, whose contents are accessible to the -
processor relatively quickly but which is generally
relatively high-cost storage. Modern main memories are
typically implemented using MOS or bipolar semiconductor
technology and may provide on the order of a fraction of a

megabyte to several tens of megabytes of storage.

¢ ce On the other hand, the time required to access
:.g.}nformation stored in disk storage units is much longer than

(cccemain memory, but the disk units can provide large amounts of

(33 c

e storage, on the order of hundreds of megabytes or more, at

¢¢~ relatively low cost. 1In addition, unlike main memory, disk
: .

[ SN 94

storage is non-volatile, that is, the information is not

lost if power is removed. Therefore, disk units are used to

eae

e .provide backup storage for the main memory, that is, to

e ¢
provide storage for information which will not fit into main
‘memory until a program needs it. When a program requires

information which is stored on a disk but is not in the main

e

‘. «,imemory, that information is transferred into the main

memory. If necessary, the contents of the locations in the
main memory into which the information from the disk unit
was transferred may be transferred to a disk unit for
storage therein before being overwritten by data from the

disk.
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In many digital data processing systems, the processor
(assuming only one processor), mass storage devices and
other input/output devices all communicate with a single
main memory or only a few main memory modules. This may
produce contention for the main memory which can interfere

with the processor’s ability to quickly obtain information

_ from the main memory. This, in turn, can slow the
" processor’s ability to execute programs. The contention

"problem is exacerbated if all of the units are connected to

a single input/output bus, as all information that is

transferred must be transferred over the single bus.

Accordingly, in many modern computer systems, the

tee

. s processor includes a cache memory, which is a small private
[ F3

« cg

teCT "

memory accessible only to the processor which stores

‘ec’ cinformation from the most recently-requested locations in

I3
¢

4

main memory and from nearby locations. 1In typical data

. {processing systems, when the processor requests an item of
e

information from a location in the main memory, it will
oftentimes require the contents of adjacent locations
shortly thereafter. Accordingly, when the processor is able

to request information from the main memory, it requests
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more than it needs at that immediate time, with the
expectation that it will likely need at least some of the
remaining information shortly thereafter. When the
processor gets the item information it then needs, it can
immediately begin using it, and if it turns out that the ¢he
processor can use the other information that was received,
it will have that information stored in the cache, and will

s osNOt have to wait until it is obtained from the main memory.

e

odveo
NO ®no
Q@ a °
L °

XTI Typically a cache memory is organized into blocks each

» capable ©of storing a predetermined amount of information.

L
o
o
¢°s When information has been retrieved from main memory and
o

[ XX}

loaded into a cache block, that block is assigned an

se  address, termed a "tag". The tag corresponds to the address

L4 Cva

.°.°*.0f the corresponding locations in main memory from which the

e 00

information was retrieved; thus the blocks of the cache are
de e
9 o a

°* *identified with the locations in the main memory. When the
processor requires information, the tags in the cache can be

':3,Eexamined to determine whether a block contains the requested
information. If one does, the information is obtained from
the cache; otherwise, the processor retrieves the

information from the main memory.
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As has Dbeen mentioned, when a disk unit transfers
to  the it may
information which was previously in the main memory.
that occurs, if

in the cache from those locations in

information main memory, overwrite

When

however, information has been stored

in
one or more blocks

main memory, the information in those blocks is stale,
that 1is, the blocks do not contain copies of the
information in the memory.

According to one aspect of the present invention
there is provided a unit for connection to a bus in a
digital data processing system including at least one
other unit connected to said bus, the unit including a

cache memory having a plurality of entries each comprising
a block,

condition

a tag store and a stale indicator having a valid

and a further
including a bus interface circuit for connection to said
bus  for

stale condition, said unit

receiving address signals, an address control

signal having an asserted condition and a negated

condition, and a cache control signal having an asserted

condition and a negated condition over respective lines of

said bus, said bus interface circuit further being
connected to said cache memory means and including:
A. an address receiving circuit connected to said

bus responsive to said address control signal for
receiving said address signals;
B. a

receiving circuit

tag comparator address

connected to said
and all of said tag stores for
determining if a correspondence exists between said
address signals and the contents of said tag stores
in response to the receipt of a first cache control
signal and between incremented address signals and
-the contents of said tag stores in response to the

receipt of a second cache control signal; and

cC. a stale indicator conditioning circuit
connected to said tag comparator and ‘said bus
responsive to the receipt of said cache control
signal and a positive correspolidence for

conditioning the stale indicator of the entry having
the positive c¢orrespondence to said stale condition.




According to a further aspect of +the present
invention there 1is provided a digital data processing
system  including a unit and at least one other device
% interconnected by a bus, the unit including a cache memcry

means having a plurality of entries each comprising a
block having a tag store and a stale indicator having a
w7alid condition and a stale condition, said unit further
including bus interface circuit means for connection to

 } said bus for receiving address signals, an address control
' 10 signal, and a cache control signal over respective 1lines
e of said bus, said bus interface c¢ircuit means further

being connected to said cache memory means and including:

o o A. an address receiving circuit connected to said
°:::°! bus responsive to said address control signal for
E%c.q receiving said address signals;

se B. a tag comparator connected to said address
s “oes

receiving circuit and all of said tag stores for
determining if a correspondence exists between said

address signals and the contents of said tag stores
in response to the receipt of a first cache control
and between incremented address signals and the
contents of said tag stores in response to the
receipt of a second cache control signal; and
C. a stale indicator conditioning circuit
connected to said tag comparator and said bus
responsive to the receipt of said cache control
signal and a positive correspondence for
conditioning the stale indicator of the entry having
the positive correspondence to said stale condition.
According to a still further aspect of the present
invention there is provided a unit for connection to a

bus, the unit including a cache memory having a plurality

of entries each comprising a block, a tag store and a
“stale indicator having a valid condition and a stale
condition, said unit further including bus interface
circuit for connection to said bus for receiving address
signals, an address control signal, and a cache control
signal over —respective 1lines of said bus, said bus
interface circuit further being connected to said cache

-8-




memory and including:
A, an address store connected to said bus and
responsive to said control signal having an asserted
condition for receiving said address signals;
B. an address increment circuit for enabling said
address ‘store to generate first address signals in
response to a first assertion of the cache control
signal and second address signals in response to a
second assertion of the cache control signal while
10 the address control signal remains asserted;
s os C. a tag comparator connected to said address
store and all of said tag stores for determining if
° a correspondence exists between said first and
0c” o second address signals and the contents of all of
sto said tag stores in response to the coincidence of
e the assertions of said cache control signal while
° said address control signal is asserted; and
D. a stale flag conditioning circuit connected to
said tag comparator and said bus responsive to the
,0°°20 receipt of said cache control signal and a positive
:x:. correspondence for conditioning the stale indicator
so” % of the entry having the positive correspondence to
0%y said stale condition.
et According to a still further aspect of the present
invention there is provided a digital data processing
. system including a unit and at 1least one other device
", . interconnected by a bus, the unit including a cache memory
"o having a plurality of entries each comprising a block, a
tag® store and a stale indicator having a valid condition
30 and a stale c¢ondition, said unit further including bus
interface circuit for connection to said bus for receiving
address signals, an address control signal, and a cache
control signal over respective lines of said bus, said bus
interface circuit further being connected to said cache
memory and including:
A. an address store connected to said bus and
responsive to said address control signal having an
asserted condition for receiving said address
signals;

—-8a-
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B. an address increment circuit for enabling said
address store to generate first address signals in
response to a first assertion of the cache control
signal and second address signals in response to é
second assertion of the cache control signal while
the address control signal remains asserted;
C. a tag comparator connected to said address
store and all of said tag stores for determining if
a cortespondence exits between said first and second
address signals and the contents of said tag store
in response to the coincidence of the assertions of
said cache control signal while said address control
signal is asserted; and
D. a stale flag conditioning circuit connected to
said tag comparator and said bus responsive to the
receipt of said cache control signal and a positive
correspondence for conditioning the stale indicator
of the entry having the positive correspondence to
said stale condition.

According to a still further aspect of the present
invention there is provided a method of establishing the
condition of entries in a cache memory connected to a bus
in a digital data processing system including at least one
other unit connected to said bus, said cache memory having
a .plurality of entries each comprising a block, a tag
store and a stale indicator having a valid condition and a
stale condition, said cache receiving address signals
representing an address, an address control signal, and a
cache control signal over respective lines of said bus,
the method comprising the steps of;

A. receiving the address in response to said

address control signal having an asserted condition;
B. determining if a correspondence exists between
said received address signals and the contents of
one of said tag stores in response to the
coincidence of the first assertion of said cache
control signal while said address control signal is
asserted;

C. conditioning the stale indicator of the entry

~8b—
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having the positive correspondence to said stale

condition in response to a positive correspondence;
D. generating, from said received address, an

incremented address in response to a second
assertion of the cache control signal while the
address control signal remains asserted;

E. determining if a correspondence exists between
said incremented address and the contents of one of
said tag stores in response to the coincidence of a

10 second assertion of said cache control signal while
. e said address control signal is asserted;
;?:: F. conditioning the stale indicators of the entry
AP having the positive correspondence to said stale
°::*‘ condition in response to a positive correspondence.
2% A preferred embodiment of the present invention will
e now be described with reference to the accompanying
® "™ Qdrawings, in which:
Fig. 1 is a block diagram of a digital data
processing system constructed in accordance
o020 with the invention;
aboo °
A
O o
®e “of
«r"r e
e
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Fig. 2 is a diagram depicting various lines of a bus
which is used in connecting various units in the system

depicted in Fig. 1

Fig. 3, comprising Figs. 3A and 3B, includes timing
4diagrams useful in understanding the operation of the system

depicted in Fig. 1.

f" ’ Referring to Fig. 1, a data processing system including

¢ e the invention includes. as basic elements, a processor 10, a
memory 11 and one or more input/output units 12, A bus 13

..

¢ “ece interconnects the processor 10, memory 11 and input/output

t c¢

¢’ units 12 in parallel. The processor 10 executes

i:?; instructions that are stored in addressable storage

locations in the memory unit 11. The instructions identify
operations that are to be performed on operands, which are
also stored in addressable locations in the memory unit,
The instructions and operands are fetched by the processor
10 as they are needed, and processed data are returned for

storage in the memory 11. The processor 10 also transmits

SRy
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control information to the input/output units 12, enabkling
them to perform selected operations, such as transmitting
data to or retrieving data from the memory 11. Such data
may include instructions or operands which may be
transmitted to the memory 11 or processed data which is

retrieved from the memory 11 for storage or display.

An operators console 14 serves as the operator’s
interface. It allows the operator to examine and deposit
data, halt the operation of the processor 10 or step the
processor 10 through a sequence of instructions and

determine the responses of the processor 10 in response

" thereto. It also enables an operator to initialize the

system through a boot strap procedure, and perform various

K"diagnostic tests on the entire data processing system.

The memory 11 includes a memory controller 15, which is

connected directly to the bus 13 and to a plurality of

~ . arrays 17. The arrays 17 contain a plurality of addressable

storage location in which information is stored. The memory

controller 15 receives transfer requests from the processor
10 or from an input/output unit 12 over the bus 13. The

memory controller 15 may receive several types of transfer

ST TR T GRSt Y A S BT C S G e G - . e o “

S - -
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requests over bus 13, which fall into two general :
categories. In one category, information is written into,

or stored in, a storage location, and in the other category,

information is retrieved, or read, from a storage location.

The data processing system may include several types of

input/output units 12, including disk and tape secondary

. storage units, teletypewriters, video display terminals,

[

Aot

eres
:¢‘€t
“.:like. All of these units communicate with the bus 13 over a
i faef t

< device bus through one or more bus adapters. As shown in

€

T
line printers, telephone and computer network units, and the

cee

e Fig. 1, the disk drives 20 are connected to a secondary
e¢ T -

Ao aao

5 storage bus adapter 21 over a device bus 22. The secondary

¢ storage bus adapter 21, i%y in turn is connected to bus 13.
¢ee

? J‘u‘Others of input/output units 12 are connected to an
e ¢¢

input/output bus adapter 25 over a device bus 24.

Aot

ceet
2 L
ec ¢

Transfers by the processor 10 over bus 13 are
«iW({controlled by a bus interface circuit 30. The bus interface
circuit 30 transmits and receives signals, as described in

part below in connection with Fig. 2, which, at the request

of the processor’s processing circuits (not shown) effect a

transfer of information over bus 13 with the other units
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~connected thereto. The bus interface circuit 30 also
controls a cache memory 31, storing information therein
received from the memory unit 11 over bus 13. 1In addition,
if the processing circuits have requested information which
is stored in the cache memory 31, the bus interface circuit
30 retrieves the information and transfers it to the
processing circuits.
Cache memory 31 is a conventional information storage
circuit in a processor 10. Cache memories are described in
c K. Hwang and F. Briggs, Computer Architecture And Parallel
;kh‘ Processing (McGraw-Hill, 1984), Section 2.4, pp. 98, et seq,
’ rr‘—ami V. Hamacher, Computer Organization (McGraw-Hill, 1984),
Section 8.6, pp. 306, et segq. Cache memory 31 includes a

. ﬁcplurality of storage locations organized into blocks, with
[ ¢
**" each block containing two storage locations. Each storage

QacC« . ’
e:® ¢location stores one word of information, that is, the amount

of information which may be transferred over bus 13 at one
. ytime. In one specific embodiment, a word of information
ilcorresponds to four bytes, or thirty-two binary digits, of

information. Thus, a block includes storage locations for

eight bytes of information.

brvsiaecizaon
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As will be appreciated by those skilled in the art, the
information stored in a block in the cache memory 31, when
it is received from the memory unit 11, is a copy of the
information stored in the memory unit 11. Each block in the
cache memory 31 has an associated tag 32 whose contents are

. c'established by the bus interface circuit 30 to identify the
°d”iocations in the memory unit 11 from which the information
':§as copied. 1In addition, each block includes a stale flag

: ) %3 which is reset or cleared by the bus interface circuit to
;,"3ndicate whether or not the contents of the block are in

" "fact copies of the locations identified by the tag, that is,
whether or not the contents of the block are stale.

c ¢t

Circumstances under which the contents of a block may

{::}be marked stale are well known. At least one such

circumstance is when another unit connected to bus 13
cc -transfers information to memory unit 11 for storage in a
"1ocation whose contents have previously been copied into a
block in the cache memory 31. 1If that occurs, the contents
of the block in the cache memory 31 are "stale", that is,
they no longer correspond to the contents of the locations

in memory unit 11, and so the processor 10 cannot use the

information in that block of the cache memory 31. 1In the
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above-described embodiment in which a cache block has two
storage locations, if the contents of either location do not

correspond to the contents of the corresponding location in

D ST e T S g e Y e

memory, that block is marked stale.

Bus 13 includes a plurality of lines for carrying

Zz:kignals among the various units connected thereto. It will
« ' Be appreciated that each of the units includes circuits (not

e . . . . : s
««* £hown) for either receiving and using, or transmitting, some

¢
€

¢+sor all of the signals. Fig. 2 depicts a number of the lines

¢
£

‘‘¢omprising one embodiment of bus 13.

®eae san

¢ “ere With reference to Fig. 2, bus 13 includes a set of

¢ ¢F

.'3'aata/address lines ("DAL") 35 over which a commanding unit

‘“i*transmits signals representing information and transfer
g P g

$ -
€ 13

command/address are transferred. 1In bus 13, the transfer
command signals, that is, the signals identifying the number
Jof words to be transferred in response to the command, are
transferred with the address. Only one address is
transferred even if more than one word of information is to

be transferred; if more than one word is to be transferred

in response to the command, the first word is associated

with the location identified by the address, and additional

——— e i W v
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words are taken from locations identified by successive

addresses.

After the commanding unit has placed address signals on
the data/address lines 35 and allowed them to settle and
_vdeskew, it transmits an asserted AS address strobe signal
‘over a line 36. Other units may use the asserted AS address
,’Strobe signal to strobe in, and use, the address signals.
if the unit transmitting the address also transmits a WR

write signal over a line 37 to enable a WRITE operation,

A~ Pann
N .

that is a transfer of information to the location identified

by the address just transmitted. A predetermined time after

¢
13

LR

Zi%sserting the AS address strobe signal, the commanding unit

3
t <¢

removes the command and address signals from the

‘:?tﬁata/addtess lines 35 and places information signals
thereon. A selected time later, after the information

€ ;signals have been allowed to settle and deskew, the unit

t “transmits an asserted DS data strobe signal over a line 40,
enabling the unit containing the addressed location, that
is, the responding unit, to receive the data and store the
information in the addressed location. The responding unit

then transmits an asserted RDY ready signal over a line 41,

which is received by the transmitting unit. The DS data

Wrere
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strobe and AS address strobe signals are then negated.° The

. responding unit then negates the RDY ready signal.

If, on the other hand, the commanding unit, that is,
the unit which transmitted the address signals on the

data/address lines, does not assert the WR write signal, a

-] os

“oran’read operation is enabled in which the responding unit

55 0

® ] [-)
"o " etransmits the information stored in that location over the
Qa9

‘data/address lines 35. 1In particular, the commanding unit

-

L]
L)

***removes the address signals at some time after the AS

*‘address strobe signal has been asserted, and asserts the DS

data strobe signal. The responding unit then places the
et
" “information signals from the location identified by the
‘ “* address on the data/address lines 35, and asserts the RDY
cede

¢, .t cready signal. In response, the commanding unit strobes the
signals on the data/address lines 35, negates the DS data
~strobe and As address strobe signals and the responding unit

negates the RDY ready signal.

-As has been described above, multiple words of

information may be transferred over bus 13 in response to a

single address. This is accommodated by the commanding unit

maintainihg the AS address strobe signal asserted, and, for
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each word to be transferred, asserting the DS data strebe
signal. 1If the operation is a WRITE operation, the
commanding unit transmits a new information word for each
asserted DS data strobe signal, and the receiving unit
asserts the RDY ready signal in response thereto. After the
receiving unit negates the ready RDY signal, the commanding

o
. unit may transmit a new information word and assert the DS
o 09
o & ®

® °data strobe signal.'

o6 e

o If the operation is a READ operation, after the

commanding unit transmits the DS data strebe signal, the

receiving unit places a new information word onto the

o
L
Yoo

data/address lines 35 and asserts the RDY signal. After the

LR-3-)

"®es
receiving unit negates the RDY signal, the commanding unit
avay 5\3(\0\,\ .

‘s’ smay again assert the DS data strobe sigadd-

“a e A commanding unit may be any unit which initiates

transfers to or from the memory unit. In the digital data
processing system depicted in Fig. 1, the processor 10 and

secondary storage bus adapter 21 initiate transfers with

memory unit 11. In addition, under some circumstances,
input/output bus adapter 25 may also initiate transfers with

memory unit 11. Adapters 21 and 25 thus have direct access
[
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to memory unit 11, that is, they engage in "direct meméry
access", or "DMA", transfers. 1If either adapter 21 or 25
wish to make DMA transfers with memory, they engage in an
arbitration operation in which processor 10 dete-mines
whether a DMA transfer should take place. The unit wishing
to make a DMA transfer transmits an asserted DMR diract

T

S
‘reamemory request signal over a line 42; in response, the

T €
T

processor 10 asserts a DMG direct memory grant signal over a

an

LN

€T

Tee! iine 43. The unit receiving the DMG direct memory grant

e
e

.‘1éigna1 may then become the commanding unit on bus 13.

[
cec

e an

In addition to the above—described signals, bus 13
1nc1udes a number of lines 44 for carrying signals by which
other units in the system can request interrupt service or

tcee

C ptherwise signal the occurrence of unusual events, and other

L3

£ 3R 3

lines 45 for barrying miscellaneous control and timing
_er_ signals. ' .
Furthermore, in accordance with the invention, the bus
13 includes a line 46 for carrying a CCTL cache control
signal which may be asserted by a commanding unit during a
DMA transfer,/that is, a unit such as adapters 21 or 25

which transfer information signals to memory unit 11

wTag e
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directly over bus 13. The commanding unit uses the CCTL
cache control signal in conjunction with signals transmitted
over other lines of the bus 13 to enable bus interface

circuit 30 to (a) determine whether the contents of the

addressed location identified by the address signals over

the data/address lines 35 have been copied into a block in
gﬁﬁjthe cache memory 31 by comparing the address signals tc the

€t ¢r

¢ ¢ .tontents of the tags 32, and, (b) if there is a

<« rtorrespondence between the address signals and the cache

”»

€

tags 32, that is, if they have been copied into a block, set

e R T

‘the stale flag 33 of that block to indicate that the
corresponding location in memory unit 11 has been
.-overwritten. While the bus interface circuit 30 is
““:Hberforming these operations, the commanding unit and the
Cf&maddressed unit may continue with an information transfer
. over the bus 13 using the data/address lines 35 and the DS
data strobe signal as described above. Thus, by asserting
':the CCTL cache control signal if the information being
transferred is information which normally could have been

loaded into the cache, in conjunction with the other signals

on bus 13, the commanding unit is able to both initiate an

information transfer over the bus 13, and also enable the

bus interface circuit 30 to perform the operations described
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above.

Figs. 3A and 3B depict the timings for the various
signals, including the CCTL cache control signal on line 46
(Fig. 2). Fig. 3A depicts the timing related to a transfer
in which one block of a cache may be marked stale, and

';:mFig. 3B depicts the timing related to a transfer iﬁ which

,"&multiple blocks may be marked stale. As described above, a

«+" tcommanding unit may effectuate information transfers with

«cmultiple storage locations in response to a single address

&

«stransfer by maintaining the AS address strobe signal

asserted. If this occurs, the bus interface circuit 30 may
utnhave to mark multiple blocks of the cache memory 31 (Fig. 1)

€ S%

c'tc‘stale.

€
L]
<

r's

fer e
€ €
te ¥

With reference to Fig. 3A, the CCTL cache control

‘signal is asserted by the commanding unit before it places
:the address signals onto the data/address lines and before
it asserts the AS address strobe signal. This conditions
the bus interface circuit to expect an address which it

should compare to the contents of the cache tags 32. The

commanding unit, which is either adapter 21 or 25 in the

embodiment depicted in Fig. 1, then places the address
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signals on the data/address lines 35 and asserts the AS
address strobe signal. About the time that the commanding
unit asserts the AS address strobe signal, it may negate the

CCTL cache control signal,

In response to the assertion CCTL cache control signal,

. the processor 10, specifically bus interface circuit 30, is

conditioned to strobe the address signals from data/address
»ines 35 when the As'address strobe signal is asserted.
After strobing the address signals, bus interface circuit 30
com?ares them to the contents of tags 32 and, if there is a
correspondence, sets the stale flag 33 associated with the

block for which there was a correspondence to mark the block

stale.

I1f, as depicted in Fig. 3B, the CCTL cache control

signal is asserted a second time while the AS address strobe

'"signal is asserted, the bus interface circuit 30 will

determine if a ccrrespondence exists between a block in the
cache 31 and a second address related to the address signals
that were initially transmitted over the data/address lines
35. In particular, in the embodiment in which a block

contains storage locations for two locations in memory unit

e vriscw
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11, the second address is taken as the address of the °
adjacent block in memory. When the CCTL cache control
signal is asserted the second time, the bus interface
circuit 35 determines whether a correspondence exists
between the tags 32 and an address comprising the address

received over the data/address lines 35 incremented by two.

The foregoing description has been limited to a
specific embodimeht of this invention. It will be apparent,
however, that variations and modifications may be made to
the invention, with the attainment of some or all of the
advantages of the invention. Therefore, it is the object of

the appended claims to cover all such variations and

"modifications as come within the true spirit and scope of

the invention.
Ve Porimed desi ot -
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A unit for connection to a bus in a digital data

processing system including at 1least one other unit

connected to =zaid bus, the unit including a cache memory

having a wpluzality of entries each comprising a block, a
tag store and a stale indicator having a valid condition

and a stale condition, said unit further including a bus

interface circuit for connection to said bus for receiving

address 'signals, an address control signal having an

asserted condition and a negated condition, and a cache
control signal having an asserted condition and a negated

condition over

respective 1lines of

said bus, said bus

interface circuit further being connected to said cache
memory means and including:
A. an address receiving circuit connected to said

bus responsive to said address control signal for
receiving said address signals;
B a

receiving circuit and

tag comparator connected to said address

all of

determining if 'a correspondence exists between: said

said tag stores for
address signals and the contents of said tag stores
in response to the receipt of a first cache control
signal and between incremented address signals and
the contents of said tag stores in response to the
receipt of a second cache control signal; and
cC. a

connected to

stale indicator

circuit
said Dbus

cache control

conditioning
said
the
and a

tag comparator and

responsive to receipt of said

signal positive correspondence for
conditioning the stale indicator of the entry having
the positive correspondence to said stale condition.

defined in which said tag
comparator includes an address incrementor for generating
an  increment the
said tag comparator
between the

increment address value and the contents of a tag store

2. A unit as in claim 1

address value in response to

receipt of said cache control signal,

second

determining if a correspondence exists

and said stale flag conditioning circuit being responsive

-23~



to a positive correspondence for conditioning the stale
indicator of the entry having the positive correspondence
to said stale condition.
3. A digital data processing system including a unit
and at least one other device interconnected by a bus, the
unit including a cache memory means having a plurality of
entries each comprising a block having a tag store and a
stale indicator having a valid condition and a stale
condition, said wunit further including bus interface
circuit means for connection to said bus for receiving
address signals, an address control signal, and a cache
control signal over respective lines of said bus, said bus
interface circuit means further being connected to said
cache memory means and including:
A, an address receiving circuit connected to said
bus  responsive to. said address control signal for
receiving said address signals;
B. a tag comparator connected to said address
receiving circuit and all of said tag stores for
determining if a correspondence exists between said
address signals and the contents of said tag stores
in response to the receipt of a first cache control
and between incremented address’ signals and the
contents of said tag stores in response to the
receipt of a second cache control signal; and
C. a stale indicator conditioning circuit
connected to said tag comparator and said bus
responsive to the receipt of 'said cache control
signal and a positive correspondence for
conditioning the stale indicator of the entry having
the positive correspondence to said stale condition,
4. A system as defined 1in claim 3 in which  said
comparator includes an address incrementor for generating
an 1increment address value in response to the second
receipt of said cache control signal, said tag comparator
determining if a correspondence  exists between the
increment address value and the contents of a tag store
and said stale flag conditioning circuit being responsive
to a positive correspondence for conditioning the stale

—24-




indicator of the entry having the positive correspondence
to said stale condition.
5. A unit for connection to a bus, the unit including a
cache memory having a plurality of entries each comprising
a block, a tag store and a stale indicator having a valid
condition and a stale condition, said unit further
including bus interface circuit for connection to said bus
for receiving address signals, an address control signal,
and a cache control signal over respective lines of said
bus, said bus interface circuit further being connected to
said cache memory and including:
A. an address store connected to said bus and
responsive to said control signal having an asserted
condition for receiving said address signals;
B. an address increment circuit for enabling said
address store to generate first address signals in
response to a first assertion of the cache control
signal and second address signals in response to a
second assertion of the cache control signal while
the address control signal remains asserted;
C. a tag comparator connected to said ‘address
store and all of said tag stores for determining if

a correspondence exists between said first and

second dddress signals and the contents of all of
said tag stores in response to the coincidence of
the assertions of said cache control signal while
said address control signal is asserted; and
D. a stale flag conditioning circuit connected to
said tag comparator and said bus responsive to the
receipt of said cache control signal and a positive
correspondence for conditioning the stale indicator
of the entry having the positive correspondence to
said stale condition.
6. A digital data processing system including a unit
and at least one other device interconnected by a bus, the
unit including a cache memory having a plurality of
entries eachl comprising a block, a tag store and a stale
indicator having a valid condition and a stale condition,
sai unit further including bus interface circuit for

/‘%‘\%
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.address control signal,

connection to said bus for receiving address signals, an
and a cache control signal over
respective lines of said bus, said bus interface -circuit
further being connected to said cache memory and including:
A, an address store connected to said bus and
responsive to said address control signal having an
asserted condition for receiving said address
signals;
B. an address increment circuit for enabling said
address store to generate first address signals in
response to a first assertion of the cache control
signal and second address signals in response to a
second assertion of the cache control signal while
the address control signal remains asserted;
C. a address

store and all of said tag stores for determining if

tag comparator connected to said
a correspondence exits between said first and second
address signals and the contents of said tag store
in response to the coincidence of the assertions of
said cache control signal while said address control
signal is asserted; and
D. a stale flag conditioning circuit connected to
said tag comparator and said bus responsive to the
receipt of said cache control signal and a positive
correspondence for conditioning the stale indicator
of the entry having the positive correspondence to
said stale condition.
7. A method of establishing the condition of entries in
digital data

rother

a cache memory connected to a bus in a

processing system including at 1least one unit

connected to said bus, said cache memory having a

plurality of entries each comprising a block, a tag store
and a stale indicator having a valid condition and a stale
condition, cache

said address

an address control signal,

receiving signals

representing an address, and a
cache control signal over respective lines of said bus,

the method comprising the steps of;

A. receiving the address in

said
an asserted condition;

response to

-26-




B. determining if a correspondence exists between
said received address signals and the contents of

one of said tag stores in response to the
% coincidence of the first assertion of said cache
: control signal while said address control signal is
asserted;
C. conditioning the stale indicator of the entry
having the positive correspendence to said stale
; condition in response to a positive correspondence;
' 10 D. generating, from said received address, an
L incremented address in response to a second
’ assertion of the cache control signal while the
o address control signal remains asserted;
e E. determining if a correspondence exists between
said incremented address and the contents of one of
said tag stores in response to the coincidence of a
second assertion of said cache control signal while

said address control signal is asserted;

F. conditioning the stale indicators of the entry
‘ 20 having the positive correspondence to said stale
‘ﬁl" condition in response to a positive correspondence.
IR 8. A unit as defined in Claim 1 or 5 substantially as
herein - described with reference to the accompanying
drawings.
9. A digital data processing system as defined in Claim

3 or 6 substantially as herein described with reference to
the accompanying drawings.

10. A method as ‘defined in Claim 7 substantially as
herein described with reference to the accompanying
30 drawings.

Dated: 21 August 1990
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