Tokyo, Jaéan
CACHE MEMORY CONTROL SYSTEM

The present invention relztes to & cache memory-

control system.

Cache memories are small-capacity, high-sbeed

memories and are very popular in medium ané hich speed
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‘access time under the control of processors.

n Computing Survey, Vol. 14, No. 3, P?. 473 - 530,

f-to

detail

The azbove reference describes "“loczality means -

reference.” By utilizing this property of loczlity, the

-

contents of successive memory locations (o be referred to
&s bloc?) heving 2 predetermined size ané inttuding z
word currently accessed from the CPU to the ma&in memory are

fetched from the main memory to the cache memory. Only

high-speed cache memory access is then reguired, and

low-speed main memory access need not be performed.

"’hls Sheet Has Been Replaced

S| 11T

B : ) - | THIS SHEET HAS BEEN
REPLACED

our ref.: X 336 EP ' : RIMP coPY

Case No. P9349-2 e e o :

NEC CORPORATION _ February 17, 1988



THIS SHEET HAS BEEN
REPLACED

Conventional cache memories have the following

disadvantages.

Each.entry of the cache memory consists of data,
an address tag representing a data location in the main
memory or & real address, and a valid bit representing
validity of the data. Since the cache memory comprises a
random access memory (RAM), valid bits of all entries must
be cleared when the cache memory system is powered or the
virtual address épace is changed. A conventional cache
memory system includes a contréller which controls thé
clearing of the valid bits in accordance with a power-on
signal or an instruction from the_processor and .
acknowledges the end of clearing to the processor. The
processor starts using the cache memory in response to a
clear end acknowledgement signal from the controller. 1In
this valid bit clear control system, the end of the
‘clearing must be detected by the processor and the
processor determines whether the cache memory c&n be
accessed, thus undesirably increasing the overhead of the
proceésor. .

The cbnventibnal cache memory has another
disadvantage as follows. _ ;

Whenever a main memory in a conventional compufer
system is accessed, an error check must be perfdtmed ir
units of data. During data trénsfer from the mein memory
to the cache memory, the:error_check in units of data is

applied. The data to be transferred include data which is

This Sheet Has Been Repl

' o T WA II




THIS SHEET HAS BEEN
. REPLACED

not employed by the processor. Therefore, the above data
check indicates that unnecessary error check is performed.

Summary of the Invention

It is an object of the present invention to
provide a cache memory control system for decreasing the
overhead during the operation of a cache memory under the
control of a processor when a memory is powered or a

-virtual address space is changed.

It is another object of the present invention to
provide a cache memory control system for preventing a
processor from petforming unnecessary error checking during
data transfer from a main memory to a cache memory.

A cache memory control system according to an
aspect of the present invention comprises: a small-capacity
cache memory arranged between a processor ané & main memory
to effectively sho:tén access time{ status changing means
for changing status of memory date access performed by the
procéssor into cache access statuérfor using the cache
memory or cache bypass status for bypassing the cache
memory; means for storing valid bits for representing
validity of data and address information, both of which are
stored in the cache memory; means for clearing the valiéd
bits; means for outputting a signal representigg that the
valid bits are being cleared; and means for changing the
status changing means to the cache bypass status in

response to the signal from the signal outputting means.
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A cache memory control system according to

another as;éct of the present invention comprises: a
small-capacity cache memory arranged between & processor
and a2 main memory to effectively shorten access time; means
for detecting error information representing an error
occurring during transfer of a block from the main memory
to the cache memory; means for outputting & timing signal
representing a transfer timing_of.processor access data

a

accessed by the processor, the processor access data being

included in blocks transferred from the main memory to the

Lo

cache memory; and error information retaining means fo

ion

ct

retaining the error information when the error informa
detected by the detecting means is digérimiﬁéted-bQ.the
timing signal such that the error information is associated
with the processor access data, and for sending a :

discrimination result to the processor.

Brief Déscrintion‘of the Drawings

Fig. 1 is a block diagram of a cache memory
control system accordiné to an embodiment of the preser:
invention; L ' R

Figs. 2(A) to 2(F) ‘are timing charts showing
waveforms of éignals in the main parts in the circuit shown
in Fig. 1; _ .

Fig. 3 is a block diagram of z cache memory

control system according to another embodiment of the

present invention; and
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Figs. 4(A) to 4(J) are timing charts showing ~
waveforms of signals in the main parts in the circuit shown
in Fig. 1.

Detailed Description of the Preferred Embodiments

Preferred embodiments of the present invention
will be described in detail with reference to the
accompanying drawinés.

Fig. 1 showé é cﬁche memory control systeﬁ
according to an embodiment of the present invention.

Referring to Fig. 1, a cache memory unif 2
including a ca&he memory 20 is connected between a
processor 1 and a main memory 3. The cache ﬁemory 20

includes a directory 20A and a data memory 20B and is

‘connected to an address bus 101 for connecting a terminal

1A of the processor 1 to a terminal 32 of the main memory
3. An output of the cache memory 20 is connected to a
termiﬁal 23A of a multipleger 23 through a line 119.

A data bus 121 of the main memory 3 .is connected
to the input terminal of the cache memory 20 and an inpﬁt

terminal 23B of the multiplexer 23 through & latch circuit

22. The multiplexer 23 selects the signal input to the

input terminal 23A or 23B in response to a control signal

 input to a control terminal 23C. The selected signal is

-

output from an butput terminal 23D to a data bus 102 of the
processor 1.
An output terminal 1C for a signal representing

access status of the processor 1 is connected to an input
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terminal 15A of &h access changer 15 through a line 103.

The access changer 15 activates the output signal: from a

terminal 15C or 15D 'in response to a control signal

supplied to a control terminal 15B. The output terminal

15C of the access changer 15 is connected to one input
terminal of an AND gate 18, and the output terminal 15D is

connected to one input terminal of 'an OR gate 19. The

other input terminal of the AND gate 18 receives a siénal

- MISS representing that data requested by the processor 1 is

not stored in the cache memory 20. An output: from the AND
gate 18 is input to the other input terminal oF the OR aate'
19. An output from the OR gate 19 is input to the control
terminal 23C of the multiplexer 23 through—a line 118 and a
bus controller 21. The bus controller 21 is connected ‘to a
control terminal 3C of the main memory 3 through a line
122, |

Reference numeral 11 denotes a valid bit memory
for stering valid bits; 12, a counter for counting
addresses for data to be cleared in the valid bit memory
11; 13, a write controller for controlling write access of
the valid bit memory 11; and 14, a register for maintaining
a predetermined state during clearing. Although the valid
bit memory 11 is part of the directory 202 in the cache
memory 20, the memory 11 is separately shown for the
illustrative eonvenience. h
The address bus 101 of the processor 1 which

outputs an address signal for the valid bit memory 11 is

Sheet Has Been Reﬂaced

o

- —————————— e e P



L]

THIS SHEET HAS BEEN ~
 REPLACED

connected to one input terminal 16A of the multiplexer 16

~through a line 104. The bther input terminal 16B, a

control terminal 16C, and an output.termihal 16D of the
multiplexer 16 are respectively connected to an output

terminal A of the counter 12 through a line 111, an output

~ terminal § of the register 14 through a line 110, and an

input terminal A of the valid bit memory 11 thrqugh a line
114. The multiplexer 16 selects the signal input to the
input-terminal'16A'or 16B in:;espohse to a control signal
S14 supplied to the control terminal 16C. The selected .
signal is outpﬁt from the output terminal 16D. The control
signal S14 output from the register 14 thiopgh the line 110
is also supplied to enable terminals EN of the counter 12
and the write controller 13 and to a control terminal WD of
the valid bit memory 11.

A clear command signal CLEAR output from an
oufput terminal 1E of the processor 1 and representing
clearing of the valid bit memory 11 is input to one input
terminal of an OR gdte 17. A reset signal RESET output
from an output terminal 1F of the processor 1 is input to
the other input terminal of the ORIgage 17 ahd to a reset
-termihal RST of the counter 12. The output terminal of the
OR gate 17 is connected to a set terminal S of the register
14. A reset terminal R of the register 14 is’c?nnected to
a terminal END of the counter 12 through a line 112. The

terminal END outputs a signal S12B representing the end of

counting of the counter 12.

AT

This Sheet Has Been Rei]aced



THIS SHEET HAS BEEN H
Pl 33’:‘;9

An output terminal 1G for a clock 51gnél CLK of
- the processor 1 iS;connected to clock terminals CLK of the
counter 12 and the write controller 13 through a line 107.

An output signal S13 from the write controller 13
is supplied to z write terminal WR of the valid bit memory
11. A read termiﬁal'RD of the valid bit meﬁory 11 is
Connected to a HIT/MISS signal generator {not shown) in fhe
cache memory 20 through the line 122;

The operation of the circuit shown in Fig. 1 will
be described with reference to Figs. 2(A) to 2(F)
representing‘w£§eform§'SE signals in maih parts in the
circuit.

When the clear command CLEAR or the reset signal
RESET is not output from the proceésor 1, the register 14
is maintained in the resgt state, and its 0 ogtput signal
S14 is set at high level ("H”). 1In this case, the cache
access mode is set. In this mode, the write controller 13
is kept disabled. An addéress signal for the valid bit
memory 11 is supplled from the termlnal lA of the processor
1 through the multlplexer 16 At the same time, the access
changer 15 sets an output signal S15A at "H" level.
However, if the signal MISS is not output, an output signal
from the AND gate 18 is kept at low level ("L").
Therefore, ah output from the OR géte 19 is kepf at "L"
level. The multiplexer 23 selects the output f¥dm the
Cache memory 20, and the selected signal is output onto the

data bus 102 of the processor 1. During this operation,
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the bus controller 21 inhibits access of the main memory 3.
When the signal MISS is generated in the cache access méde,
an output from the AND gate 18 and hence an ouéput from the
OR gate 19 are sequentially set at "H" level. The
multiplexer 23 selects an input at its input terminal 23B.
At the same time, the bus éoﬁé;giler 21 starts access of
the main memory 3. The data from the main memory 3 is
supplied onto a line 120 from the latch circuit 22 to
update the contents of the cache memory 20.

When a signal HIT is delivered from the cache
memory 20, the multipiéxer 23 selects data output from the
cache memory 20 through the line 119, and the selected data
is output onto the processor data bus 102.

The cache bypass mode as the'charactefistic
”featuré of the present inventioﬂ‘wil;”be described below.

When the register 14 is set in responsé té the
reset signal RESET or the clear command CLEAR from the
processor 1, its § output, i.e., a signal S14 which
represents the clear period enables the counter 12 and the
write controller 13. The respective operations of the
gountér 12 andlﬁhe writé controller 13 are_started. An
output S12A from the counter 12 is supplied as an address
signal to the valid bit memory 11 thréugh the multiplexer
16. A memory location addressed by the signallﬁ}ZA is
cleared by a.signal S13 from the write controller 13.

Valid bit clearing is completed, the counter 12 outputs the

clear end signal S12B. The register 14 is reset in
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fesponse to the clear end signal S12B, and therefore the
counter 12 and the write controller 13 are disabléd.
When the output signal S14 from the register 14
| is set active, the output terminal 15D of the access
:changer 15 is set active ("H"). An output from the OR gate
(19 is set at "H" level, and the multiplexer 23 selects an
finput'signal at its input terminal 23B. At the same time,
?the bus controller 21 outputs a control signal to the main
‘memory 3, thereby starting access of the main memory 3.
The.data read out from the main memory 3 is
laﬁched by the latch circuit 22 and is output onto the
processor data bus 102 through a line 117 ané the
multipléxer 23. l
- As described above, acco}ding to this embodiment,
during clearing of the valid bit memory 11, the mode of
access of the cache memory 20 by the processor is
autométically changed to the bypass mode at the cache
memory unit 2 side or to the cache access mode at the end
of clearing of the valid bit memory 11. Therefore, the
processor 1 ean access the cache ﬁemory 11 without
detecting the end 6f clearing of the valid bits.
Flg. 3 is a block diagram of a cacHe memory
control system according to another embodiment of the
present invention. Referring.to Fig. 3, reference numeral

40 denotes a processor; 50, a cache memory; and..70, a main

memory. The cache memory 50 includes a directory 51 and a

data memory 52.
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An address bus 201 of the processbr 40 is
“connected to the input terminal of an address register 53.
The output terminal of the address register 53 is connected
to the cache hemory 50 and an I/O buffer 54 for
time-divisionally controlling the inputs to or outputs from
thé main memory 70. The I/0 buffer 54 is connected to the
main memory 70 througﬂ a bidirectional bus 203 and
time—diviéionally gates the address signal supplied to.the
maip memory 70 and data output from the main memory 70.

A data output from the I/0 buffer 54 is input to
and held by an input register 55. The input register 55
outputs the data to the cache memory 50 and a bypass
register 56 in response to a control clock signal ¢ input
tﬁrough a line 207. The bypass register 56 holds the input
data and outputs the data to one input terminal of a
muitipleker 57 through a line 209 in response to a timing
control signal a supplied through a line 215. The other
input terminal of the multiplexer 57 receives data supplied
from the cache memory 50 through a line 208. The
mulfiplexer-S? selects one of the.tworinputs, and the
selected da?a is outpu£ to a data bus 210 of the préééssor
40.

The main memory 70 outputs a bus error signal b
to a'bus errdf register 58 through a line 211. The bus
error signal b represents that a main memory bus error
occurs. In response to the clock signal c, the bus error

signal b is input to an error register 60 from the bus

- 11 =-
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error signal régistér 58, The error register—60 holds—the——

bus errdr signal b and supplies an error signal d to the
processor 40 through a line 216 in response to the:timing
control signal a generated by a timing controller 59 on the
basis of the clock signal c.

The timing control signal a from the timing
controller 59 is also sﬁpplied to the bypass-register 56 as
a control signal.

The operation of the_éache memory control system
shown in Fig. 3 will be described with reference to Figs.
4(A) to 4(J) representing waveforms of signéls'in.thé.main '
parts of the circuit shown in Fig. 3.

In this embodiment, the address signal and the
data signal during access of the main memory 70
time—divisioﬁally use a single bus 203. The data read
order.duringlaccess of the maih memory 70 is determined by
a control scheme in which data accessed by the processor 40
is read out first, and then the remaining data is read out.
When access_of the cache memory 50 by the processor 40 is
$tarteq, the address signal is applied to the address bus
.201 and is latched by the address register 53. ihe
directory 51 of the cache memory 50 is referenced on the
basis of the address signal. If the addressed data is
detected to be stored in the dafa memory 52, tHe_data is
output onto the data bus 210 of the processor 40 through
the multiplexer 57. However, if the addressed data is

detected not to be stored in the cache memory 50 as a

- 12 -
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result of referéncing of the directory 51, the cache memory
50 accesses the main memory 70 to read out the desired
blocks, that is, a main memory aécess starts.

In the main memory access, an address signal is
output onto the bus 203 of the main memory 70 in the S1
state shown in Fig. 4(A). The next S2W state is a wait
state and is inserted when data to be output from the main
memory 70 is_not yet prepared. The next S20 to S23 states
are states for reading the data. The readout data |
(Fig. 4(B)) from the main memory 70 are sequentially
latched by the input register 55 in response to clocks c,
as shown in Fig. 4(D). |

In this embodiment, each data block consists of 4
words DO to D3.. Main memory access is completed when |
4~wordldata is latched. As previously described, the data
accessed by the proceésor 40 is DO, and the remaining data
are D1 to D3.

| The éontents of the input register 55.are input
to the data memory 52 to update the data memory 52 and is
”also input to the bvpass register 56, as shown in
Fig. 4(F). The timing signal a input to the bypass
register 56 is generated by the timing generator 59 in
order to discriminaté a transfer timing of the data DO
accessed by the processor 40. As shown in Fig. 4(E), the -
timing signal a is output for only the first readout data

DO. The data DO (Fig. 4(F)) latched by the bypass register

- 13 -
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56 is output to the data bus 210 through tne~mﬂlt1pleXE%:=:~

57, _ -

The Bus error signal b (Fig. 4(E)) representing a
bus error during main memofy access is latched by the bus
error register 58 (Fig. 4(G)) and is held until the next
main memory access cycle. An output signal from the bﬁs
error register 58 is input to and held by the error
- register 60 (Fig. 4(H)). The timing signal a input to the
error register 60 is output for only the first readout data
D0, as described aboﬁe. Thereforé,'the error register 60
latches only the error information for the data DO but does
not latch the error information for the data DI to D3. An
output signal from the error register 60 is supplied to the
processor 40 as the error signal d shown in E%g. 4(J).

In the above'embodiment, a data bus required for
data write access is omitted for illustrative convenience.
A block including an error is not ‘registered in the :
direcﬁorfwél:in the cache memory 50. If the processor 40
accesses data in this block, a mishit occurs, and access of
the main memory 70 is performed. .

According to the present invention as described
above, during data transfer between'the cache memory 50 and
thé main memory 70, error information for only the data
accessed by thé processor 40 is suppiied to the processor

40, and unnecessary error processing of the precessor 40

can be eliminated.
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What is claimed is:

1. ‘A cache meméry control system comprising: a
small-capacity cache memory arranged between a processor
and a main memory to effectively shorten access time; .
status changing means for changing status of
memory data'access performed by said processor into cache

ng said cache memory or cache bypass

§e

access status for us

status for bypassing said cache memory;

wvalidity of data ané address information, both of which are
stored in said cache memory;
means for clearing the valid.bits;
means for outputting a signazl representing that

-

‘the valid bits are being cleared; and

G
|
@
n
=
n
ot
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means for changing said status cheangin

[
Fh
]
8]
=]
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s
=
s

the cache bypass status in response to the signa

signal ouiput means.

2. A system according to claim 1, wherein said

clearing means comprises a counter for starting a count

= ~ e

operation in response to the signazl representing that the
valid bits are being cleared, & write controller for
starting write access of said valid bit storing means in

response to the signal from said signzl output means, and =

multiplexer, responsive to the signal from said signal
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output means, for supplying an output from said counter to

said valid.bit storing means as an address signal.

or 2/ _
3. A system according to claim ¥, wherein said

signal output means comprises a register which is set in
response to a clear command or a reset signal from said

processor ‘and which is reset in response to a count end

signal from said counter.

4. ' A cache memory control system cbmprising:

a small-capacity cache memory arranged between a
processor and a maip memory to effectively shorten access
time;

means for detecting error information
representing an error occurring during transfer of a block
from said main memory to said cache memofy;

means for outputting a timing signal representing
a transfer timing of processor access data accessed by said
processor, the processor access data being included in
blocks transferred from said main membry to said cache
memory; and | . |

error information retaining means for retaining
the error information when the error information detected
by said detecting means is discriminated by the timing
signal such that the efror information is associated with

the processor access data, and for sending a discrimination

result to said processor.
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