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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 in
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
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wor d cu?rently accessed fromthe CPU to the main nenory
the main menmory to the cache menmory. Only high-speed cag
is then required, and | ow speed nmain nenory access need

2 Conventi onal

cache nenories have the foll ow ng di sadvan
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 znd 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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EJEh entry of the cache nenory consi sts of dat'a, "an addre

representing a data location in the main nmenory or a real é&ﬁ? ":i%g@%%EEﬁJ
valid bit representing validity of the data. Since the caghe nefp ?

.conpri ses a random access nenory (RAM, valid bits of all "entries- nust be
cl eared when the cache nenory systemis powered or the virtual addr ess

space i s changed. A conyge a gpntroller
whi ch controls the clearﬁhg%b : hg vgg 3g§its I n accorégﬁie W t a power - on
signal or an 'QEBEHEE'QQDEE%”bEh%h%r%&§§§ﬁE 3Adention 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 a

timing signal

representing a transfer timing of processor access data

accessed by the processor, the processor access data being

included in blocks transferred from the main memory to the

cache memory; and error information retaining means for

retaining the error information when the error information

detected by the detecting mezns is digériminéted-bQ.the

timing signal such that the error information is associated

-

with the processor access data, and for sending &

discrimination result to the processor.

Brief Description of the Drawings

Fig. 1 is a block diagram of a cache memory

control system according to an embodiment of

invention; iy =

the present

g

Figs. 2(A) to 2(F) ‘are timing charts showing

waveforms of signals in the main parts in the circuit shown

in Fig. 1;

LS

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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atknow’edges the end of clearing to the processor. The process
using the cache nenory in response to a.clear end ackno e HeTSHANBEEN
fromthe controller. In this valid bit clear control sy§tem gheLsodDof
the clearing nust be detected by the processor and the p
whet her "the cache nmenory can be accessed, thus undesirably increasing t he

over head of the processo conve tional ac has
anot her disadvanfage as ?b?FOmé(A) to I?E) 87¢ Pining cha¥es gﬁoWng

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
Eermina1_23B-of the multiplexer 23 through & latch circuit
_22. The multiplexer 23 selects thelsignal input to the
input terminal 23A or 23B in response to a control signal

~input to a control terminal 23C. The selected:ségnal is

output from an butput terminal 23D to a data bus 102 of the
processor 1.

An output terminal lc.fbr a signal representing

access status of the processor 1 is connected to an input
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Whenevef a main menory in a conventional conputer system iljlsTapcassad[iAQBEEN
error check nust be performed in units of data. During data trasst.aCEDr om
the main nmenory to the cache nenory, the error check in un

applied. The darminailbd sy atsfar ratdywciinmdgiat a s\hildoigh a Rnwt103.
enpl oyed by the processor. Therefore, the above data check indicates that
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 iﬁéuﬁ'
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 fepresenting 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 cate
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 stéring 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 éonvenience. h

The address bus 101 of the processor 1 which

outputs an address signal for the valid bit memory 11 is
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unnecesshry error check is perforned. SUWARY OF THE | NVENR-EIRTT EN -
obj ect of the present invention to provide a cache nenorylic EM%#QHPF? ﬁF
for decreasing the overhead during the operation of ‘a cac e nenBFv

the control of a processor when a nmenory i s powered or aal address

space is changéi?nqqc"t%d AOIIRS PEerterminel ph et %é?ﬂlr%w]f%?‘%?o% de
a cache nenory ntr systemfor prevent rocessor from perform ng
unnecessary err %’r%b ‘Eﬁur“ﬁ‘g datie tc?%ﬂfg?e* ‘F*E)rﬁ%r’h’di‘# é:%‘ryato a
cache nenory. Accarding to pne ct_of the resent |nye g

provi ded a cacH®H&fr %E‘C‘%’t’?%]r %é‘té?ﬁ cﬁfbr‘? =C ‘g% %che

renory arranga%&%%;%iexer 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.
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pFoceSSOr and a main menory to effectively shorten access|jti ﬂ@;cmﬁ?mﬁAé@EEN
supplying error information representing an error occurri r;ag;gragsfer

f bl ock f id d f- t
a timng signal fZ‘LreZZ"n?}mgova%“’ AT 40 BeeLe aS%i%r?%Jeq‘aIe@”
Sai d i n oo S T T fencoa:&'” ec}ﬁai”c' G GHLoeH orm LS Lk np hgERe
f t t t
i acr i minat od 5y SRS (A Ak g &%‘ﬁrﬁ% rf%r&#@%*?é%’“%‘f??sﬁ?- |
associ ated wi th the access, (Rl @ it S8R B GHHRIALAMELRL 1140

sai d- processor.
- is supplied to a write terminal WR of the valid bit memory

11. A read terminal 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.-Z(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 address 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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RéPLACENENT SHEET 4 Brief Description of the Draw ngs Fi ¢ i
di agram of a cache nenmory control system according to an|leRt&diHrst Hap BERY
present invention; Figs. 2(A) to 2(F) are tinming charts $howi nBEREAEEBr s

of signals in the nalgﬁgerts in the circuit shown in Fi T, Fig. 3715 a
bl ock di agr am™t TRIBISE cohtivhikiks caceResr 8fn ?oméhatmsmory

enbodi nent ofdhpe pr.esent invention; and
the. signal MISS is generated in the cache access mode,

an output from the AND gate 18 and hence an output 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

- - This Sheet Has Been RTlaced
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REPLACENMENT SHEET 5 Figs. 4(A) to 4(J) are tining charts |shew sigEmakdasGaRb “
of signals in the main parts in the circuit shown in Fig.lj 1. DEE&LAEED |
Descri ption of ferr E Rreferr, mQay g of the —
Deser Pt on of rhiBoRLe’ € Wl ARy Wil TR Al e
counter 12 and the write controller 13 are disabled.

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.

- - 10 -
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wi'l | be described in detail with reference to the acconpéﬁyﬁig éﬁ%%%EEN
Fig. 1 shows a cache nenory control system according tojlan e _of 1
the present invention. er ri i g. a_cache nennr un| 2 including
a cache nmenory 20 is conné GQ%E 'gﬂg Zﬁioeésgﬁﬁ Ergﬁﬁs 4h Snory 3.
The cache menor y 20 incl.udes di,recto 20A_and _a dat nenDr 20B.and _i_s
Connected to antalnpEEseEe the KBRSt oHAERInaY R aPnPRAFEER SPodRLET 53:

processor 1 to @h&eEHEB%' R nhRe PRk fe aggrgss register 53 is connected

to the cache memory 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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3. An output of the cache menory 20 is connected to-a t%rﬁﬁﬁh$H§§%ﬁ6$3§EN
nul ti pl exer 23 through a line .119. A data bus 121 of the lpmin FEBAFED is

connected to therFepusigeski registern28cackbBenerspPy Zega Aoln

term nal 23B of the nultiplexer 23 through a latch circuit 22, The

nul ti pl exer 23 R@F R¥EOX¥ helgnghab aRBUSUPBLLAE PRPBETPEr ALEBR12GAtEr theB in
response to a control signal input_ to a contral ;term nal 23C. The:sel ected

signal is out plRFITRIFER HUit arorshndnbines3pleoln Z8FROBEE tO2tBe tRBing

processor 1. . e .
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
started, 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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An outplt terminal 1C for a signal representing access st 1t TS ofHEHAS BEEN
processor 1 is connected to an input REPLACEVENT SHEET({6 t er RERACEBA of

an access changessdbt t&f onghefehtifiglod. theedaeeesdroh81gEERESCAGhEVRERSTY
the output signal froma termnal 15C or 15D in response to a contro
si gnal . 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 rggdout data

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

- 13 -
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suﬁplied to a control terminal 15B. The out put term nal 1FS-ot—th
changer 15 is connected to one input termnal of an AND gatE3§HEaMHABEEN

output termnal 15D i s connected to _one jnput _term nal of!an

The othersinputsﬁeﬁﬁiHQ%PBF %ﬁetRﬂDﬂﬁgFegﬁg ?ébei QUGS itiief
representﬁng.thgg data requested by the-processor 1 is not stored in the
cache nemory 207°An output fromthe AND gate 18 is input to the other input

(el o the O3 gate 1hne, BaoULBUE LIGRANE SRR S (49 3o AT

bus error during main memory 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 D1 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 t#e processor

40, and unnecessary error processing of the precessor 40

can be eliminated.

- 1.4, - This Sheet Has Been Reﬂlaced
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bUs’ cofitroller 21. The bus controller 21 is connected tﬂ;i gsgrxufwtef" ]
3C of the main nenmory 3 through a line 122. Reference n il RS EEEN,
valid bit nenory for storing valid-bites; 12 a counter
addresses for dphatt9sbglrgimagedstn the valld bit menory 11, 13 a wite
controller for controlling wite access of the valid bit nmenory 11; and 14,
a register for maintaining a predeterm ned state during clearing. Although .-
the valid bit nmenory 11 is part of the directory 20A in the cache

1. ‘A cache memory 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
access ﬁtatus for usiﬁg said cache memory or cache Eypass
status for bvpa=51na said cache memory;
means for storing valid bits for representing
wvalidity of data ané address information, both of which are
stored in said cache memory;
mezans for clearing the valid.bits;
means for outputting a signal representing that
‘the valid bits are being cleared; and

means for changing said status changing means to

rt

he cache bypass status in response to the signal from szid

signal ouiput means.

2.
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clearing means comprises a counter for starting a count

s
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n
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rt
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fu
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m

operation in response to the signzl repr
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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néhﬂr& 20, the menory 11 i's sebarately shown for the ill *ﬂ
conveni ence. The address bus 101 of the processor 1 which © %&_ {\S BEEN
address signal for the valid bit nmenory 11 is 7 connel %nut

term nal 16A of the nultiplexer, 16 thrqough a |line 104. The ot hey I nput
termnal 16B, a °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 y’ wherein Sald
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 R
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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AVIRN ¢ :-.'_-- .
control term nal 16C, -and an output termnal 16D of the nu?“
}

respectively connected to an output termnal A of the coun‘eﬂH&Qsmgg
line 111, an output termnal Q of the register 14 through g _|inerg

an input termgadeAof, the valid bit nmenory 11 through a |ine
mul ti pl exer 16 selects the signal input to the input term nal 16A or 16B in
response to a cont r ol signal S14 supplied to the control termnal 16C. The
sel ected signal is output fromthe output term nal 16D. The control signal

5814 output fromthe register ldadfs omEokPecbifRod 18ysTEm

A cache meméry control system includes a circuit
for clearing valid bits of data and address data, both of
which are stored in a cache memoég?)a c1rcu1é for

‘ outputting a signal representing valid bits are being
cleared, and a circuit for changing the cache'memoéio%rom
cache access status to‘cache bypass status in response to

the signal renresenulnc that the valid bits are being

cleared. - (Fig. 1)

This Sheet Has Been Relilaced

T




ia——‘\"

is-also supplied to enable termnals EN of the counter 12
controller 13 and to a control termnal WD of the valid bij
A-cl ear command signal CLEA output froman output termn

THHSHDHEETLHAS BEEN
1E BEPLAGED

processor 1 and representing - - clearing of the valid brt—menory 11 s
input to one input termnal of an OR gate 17. A reset signal RESET out put
froman output termnal 1F of the processor 1 is input to the.other input
termnal of the OR gate 17 and to a reset tyegm nal RST of the counter 12.
The output term nal of the '
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" #®
OR gate 17 is connected to a set termnal S of the registg
termnal R of the register 14 is connected to a term nal
12 through a line 112. The term nal END outputs a signal
.the end of counting of the counter 12. 8 An output terly
- clock signal CLK of
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t he pchessor 1 is connected to clock term nals CLK of the
the wite controller 13 through a Iine 107. An output signgl

ﬁ%ﬁi Jii;?aA%ﬂﬁkEN

lf\r\\r\l
|||

wite controller 13 is supplied to a wite term nal WR of

nr

menory 11. A read termnal RD of the valid bit nenory 11 is connected to a
H T/ M SS signal generator (not shown) in the cache nenory 20 ‘through the
be descri bed

with reference to Figs. 2(A to 2(F) represénting.waveforns of signals in

line 122. The operation-of the circuit shown in Fig. 1 wll

main parts in the
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ci rcurt V\hen the clear command CLEAR or. the reset signal
output fromthe processor 1, the register 14 is maintained |Tm11$lﬁ3é*~r=§
state, and its Qoutput signal Sl4 is set at high level ("k'). fFEFF"fﬂ‘ﬁ
case, the cache access node is set. In this node, the witecontroller 13
I's kept disabled. An address' signal 4fér the valid bit nmenory 11 is supplied
fromthe termnal 1A of the processor 1 through the nmultiplexer 16. At the
same time, the access changer 15 sets an output signal S15A at "H' |evel.
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However, if the signal MSS is not output, an output sign
gate 18 is kept at low level ("L"). Therefore, an eutput firom
"L" level. The multiplexer 23 selects the o t BYL . jr
ca&che nmenory 20, and the selected signal is output onto t

19 is kept at

t he processor

| REP

%ﬂ%avm:

1. During this operation, 9

CACHE MEMORY CONTROL SYSTEM

The present invention relates to a cache memory

control system.

Cache memories are small-capacity, high-speed

buffer memor1 s arranged bntween processors and main

'memorﬁes and ‘are very ‘popular "in mec1um aﬂd hlgh*speed

computer systems for effectlveTV shortening main memory

‘access time under the control of Droccssor-.

-

The principle of cache memories.is described in -

- detail in Computing Survey, Vol. 14, No. 3, PP. 473 - 530,

1982 znd is based on zn empirical rule wherein "locality"
is present in main nmemory access, i.e., réferencing of a
main mémory &ddress space by & program. - S
-% - - The- zbove refegghéé destribes “;chiitywmggnS"
that the loci of reference of the‘érogram in ths near
feature are likely to be near the.currént loci of

reference.” By utilizing this property of 1oca11ty, the

-~

contents of successive memory locations (to be. referred to

as a block) having z predetermined size znd including a
wo*d currently accessed from the CPU to the main memory arse

fetched from the mzin memorxy to the cache memory. Only
high-speed cazche memory access is then required, and .
- . . i' - T .

low-speed main memory access need not be performed.




t he’ bus controller 21 inhibits access of the main nenory 3. Wen fhe si
MSS is generated in the cache access node, an output fijo é@%ﬁggﬁ@5¢8
and hence an output fromthe OR gate 19 are sequentlaIIM g%%ﬂﬁg l'evel

The mul tipl exer 23 selects an input at its input termn ﬂth. 1A AU@Q%TB
time, the bus.controller 21 starts access of the main
fromthe main nmenory 3 is supplied onto a |ine 120 fromthe latch circuit
22 to update the contents of the cache nepory 20. When a signal H T is

delivered fromthe cache
Conventional cache memories have the following

disadvantages.

Each entrysof the cache memory consists of data,
‘an address tag representing a data location in the mein
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.

v1rtual adcress spaee is changee. A cenventional cache - -
B membr§ system includes a contrdller which controls the
i 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 startg‘usrng the cache'memcry in response to a
clear end acknowledgement signal from the controller. 1In
this valid bit clear'control system, the end of the

- -; clearlng must._be detected by the processor and the

processor determlnes whether.Cﬁe_caéhe,memory cen—beme_ T
accessed thus undesirably increasing the overhead of the.
processor. .

The conventional cache memory has znother
disadvantage as follows.

Whenever a main memory in a conventional computer
system is accessed, an error check must be performed in
units of data. During data transfer from the main memory

to the cache memory, the error check in units of data is

applied. The data to be transferred include data which is



menory 50 the mul tiplexer 23- selects data output from hBEBhuhamamnBHEEﬁO
through the line 119, and the s jut onffo t he a S
data bus 102. The cache bypass npdHISSHEREHASIBEEAC]|Er i St | cDa‘teaLﬁté Eé @h

present invention will be descrilbed b&ESWACERen t h§ regi 55t
response to the reset signal RESET or the tirear—cormand CLEAR fromthe
processor 1, its Qoutput, i.e., a signal S14 which represents the clear
period enables the counter 12 and the wite controller 13. The respective
operations of the 3

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. ~--° - T . .-

fIt is another object of the present invention to

provide a cache memory control system for preventing a

processor from performing 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 inve;tion comprises: a small-capacity
cache hemory arranged betwéen a processor and a main memory

. to effeetiVelj-shonten access fiﬁe; gfatﬁ_ chang ing means

- . ‘;or changlng status of memory aaecfaccess pe formed by~the

processor into cache access stath for using tne 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 valid
bits; means for outputting a signal representing that the
valid bits are being cleared; and means for changing the
etatus changing means to the cache bypass status in

response to the signal from the signal outputting means.
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counter 12 and the wite controller 13 are started. An

the counter 12 is supplied as anf gret—to=t he v
through the nultiplexer 16. A WUSSUEETWt BERN ¢
is cleared by a signal S13 fromfthe whREB-AGER rol |

I's conpl eted, the counter 12 outputs the clrear end S|gna
register 14 is reset in

, meammmssmé'ﬂ
by the S12A

Fad 1u6: A6 386 ng

(7]
D
o

_';
'_\
w

4

B A cache memory control system according to
another aséect of the present invention comprises: a
small-capacity cache memor? arranged between a processor
and a main memory to effectively shorten access time; means
for deteéting 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 p;oceésg;maccess data

accessed by the processor, the processor access data being
-included in blocks transferred from the main memory to the
cache memory; and érror information réﬁaininé means for
retaining the error information when the error information
detected by the detecting means is discriminated by the
timing signaliéuch that the error information is associated

with the processor access data, and. for sending &

B discrimination result to the processor.

Brigf Description of the Drawings T j.-.°

Fig. 1 is a block diagram of a cache memory

Al
o
0
0
ps
rr

-gontrol s?stem according to an embodiment of the p
inﬁention; e

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

Fig. 3 is a block di;gram of a cache memory
control system according to another embodiment of the

present invention; and
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10 response to the clear end signal S12B, and thereforet
the wite controller 13 are di sabl ed. Wen the out put sﬂgﬁﬁPLEﬂﬂMENBﬁHEEE
register 14 is set active, the output term nal 15D of thle acce

;s set active ("H'). An output fromthe OR gate 19 is-
and the nultiplexer 23 selects an input signal at its i :
At the sane tine, the bus controller 21 outputs a control signal to the
main menory 3, thereby starting access of the nain nenory 3.

- 5

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'invenﬁion
will be described in detail with reference to the

accompanying drawings.

o - T ~ . Figi l-shows a céEbe_meﬁaffscontrol systeﬁ

according to an embodiment of the present invention.
Réferring to Fig. 1, a cache memory unit 2

including a cache memory 20 is connected between a
processof 1 and a main memory 3. The tache memory 20
includes a direéctory 20A and % data memory 20B and is
-connected to an address bus 101 for conhecting a terminal
1A of the processor 1 to a terminal:3é of t@e main memory

3. . An output of the cache memory 20 is connected to a

R ‘_.:ez_-:-‘:;—_rii_x}al'_'23_z§;'_‘9'f'a_':ﬁuli_"c;ipl-éggr 23 through a line T13.
| A data bus 121 of the main memory 3 is connected
to the ihpuf terminal of the cache memory 20 and an input
terminal 23B-of the multiplexer 23 thréugh a 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 output terminal 23D to a data bus 102 of the
processor 1.

An output terminal lC'for a signal representing

access status of the processor 1 is connected to an input



The daté read out fromthe main menory 3 is latched by the |t
and is output onto the processor data bus 102 through a |ineg f%?' Q?MﬁﬁTék%ET

mul tiplexer 23. As described above, according to this enbodiment,. Hé AUG 1996

. ctearing of the valid bit nenory 11, the node of access of ti AEROLY
20 by the processor is automatically changed to the bypass node at the
cache nenory unit 2 side or to the cache access node at the end of clearing

of the valid bit nmenory 11. Therefore, tq§

terminal 15A of an access changer 15 through a line 103.
The access changer 15 activates the output signal from a
terminal 15C or 15D in fesponse 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 tgrminal 15D is
conneétéd to one input terminal of an OR gate 19. The
other input terminal of the AND gate 18 receives a signal
;f _ - -...;MISS_;QE;esgqﬁing thaf’data-rgquegted.bylthé“broqgQSOr_l is
“pofﬂsto;ed_in the cache ﬁémory 20.. An output from the AND -
gate 18 is input to the other input terminal of the OR gate
19. An output from the OR gate 19 is inpht to the control
terminal 23C of the multiplexer 23 thxough a line 118 and a
bus controller:2l. The bus controller 21 is connected to a
control terminal 3C of the main memory 3 through a line
122, | _

Réfeignqe numeral 11 dehotes a valid bitJmemory_

S T'fbr:éﬁé;iqg;valigzpits; 12, a;codhéer}fqt:cbunﬁ;né'

adaresses for data to be cleared in the valid bit memory
11; 13, a write controller for controlling write access of
the valiﬁ 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 20A in the cache
memory 20, the memory 1l is separately shown for the
illustrative convenience.

The address bus 101 of the processor 1 which

outputs an address signal for the valid bit memory 11 is



precessor

1 £

1 can access the cache nenory 11 without deteqgt -
;clearing of the valid bits. Fig. 3 is a block diagram of aEeaAﬂEMEEWﬁMEET
.control system according to another enbodi ment of the present E
Referring to Fig. 3, reference nuneral 40 denotes a pro eﬁwmrﬁ ......

menory; and 70, a main nenory. The cache nmenory 50 incl

and a data nenpry 52.

7

connected to one input terminal 16A of the multiplexer 16
through a line 104. The other 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 Q of the register 14 through a line 110, and an

input terminal A of the valid bit memory 11 through a line

,.114. The multiplexer 16 seleqts the signal input to the

input terminal 16A or 16B in response to a conLrol signal
S14 supplied to the control termlnal 16C The selected -
signal is output from the output termlnal 16D. The control
signal S14 output from the register 14 through 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.

'clear command signal CLEAR output from-an -

.output termlnal IE of -the processor 1 and representlng

clearing of the valid bit memory 11 1s 1nput to one 1nput'
terminal of an OR gate 17. A resetis;gnal RESET output
from an output terminal 1F of the proceseor 1 is input to

the other input terminal of the OR gate 17 and to a reset

terminal RST of the counter 12. The output terminal of the

OR gafe 17 is connected to a set terminal S of the register

14.

A reset terminazl R of the register 14 is connected 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.



11 An addreés bus 201 of the processor 40 is connect ed
termnal of an address register 53. The output term nal (ﬁéﬁﬁﬁﬁéﬁﬁﬁE§§EET

register 53 is connected to the cache nmenory 50 and an
time-divisionally controlling the inputs to or outputs }

70. The I/ O buffer 54 is connected to the main nenory 70 through a
bi directional bus 203 and tine-divisionally gates the address signal

supplied to the 8
An output terminal 1G for a clock signal 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 controiler 13
is supplied to a write terminal WR of the valid bit memory
11. A read terminal RD of the valid bit memory 11 is
connected to a HIT/MISS signal generacor (not shown) in the

cache memory 20 through the line 122,

- The operatlon—oF the c1rcult shown-in Elq— 1 will—

-5e described with reference to Figs. 2(A) to 2(F) -
.representlng waveforms of 51gnals_1n main parts in the
circuit.
; When the clear command CLEAR_or the reset signal
RESET is not output from the processor 1, the register 14
is maintained ic the reset state, and its Q output signal
S14 is set af high ;evel ("H”). In ‘this case, the cache

access mode is"set. In this mode, the write controller 13

ls kept dlsabled An address—srgnal ‘for_the valld bit -

' memory 11 is supplled from the termlnal lA of the processor
"1 through the multlplexer l16. At the same tlme, 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, an out?ut from the OR gete 19 is kept at "L"
level. ‘The multiplexer 23 selects the output from the
cache memory 20, and the selected signal is output onto the

data bus 102 of the processor 1. During this operation,



main nmenory 70 and data output fromthe main nenory 70: MW@EMWLQHEETO
the 1/O buffer 54 is input to and held by an input regigter ut]
register 55 outputs the data to the cache nmenory 50 and | Dayp sﬁﬁjﬂaﬁ
56 in response to a control clock signal c input throug =
bypass register 56 holds the input data and outputs the data to one I nput
termnal of a nultiplexer 57 through a line 209 in response to a tining
control signal thesup! c68tiHIDEFN2R {8215 acces Bhaind Mililn hiiERals of
the nultiplexer 57--receives data supplied
' When the signal MISS is generated in the cache access mode,

an output from the AND gate 18 and hence an output from the
OR gate 19 are sequéntially set at "H" level. The
multiplexer 23 selects an input at its input terminal 23B.
At the same time, the bus contfoller 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 ?0.

C 7o S WHen .a sigoal HIT is delivered from the cache
memory--20, -the multiplexer 23- selects data output frém 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- characteristic
feature of the:’present invention will be described below.
| When the register 14 is set in response to tho

reset signal RESET or the clear command CLEAR from the:

processor 1, its @ output, i-. e.; a- 51gnal 514 which .

= 'repggsents the~clear period egqpies;tho"counterrlz and—the_
_write cohtroiler 13. The reséective operations 5ff£ﬁé
counter 12 and the write controller 13 are started. An
output S12A from the counter 12 is sﬁpplied as an address
signal to the valid bit memory 11 through the multiplexer
16. A memory location addressed by the signal S12A 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



fromthe cache nenory 50 through a line 208. The nulti |
one of the two inputs, and the selected data is output f
the processor. 40. The main nmenory 70 outputs a bus erroj
er'ror register 58 through a line 211. The bus error si

oF mew%ﬁgﬁékéro

o5 4806 A

that a main nenory bus error occurs. |In response to the clock signal c,
the bus error signal b is input to an error register 60 fromthe bus
10

fesponse to the clear _end signal S12B, and therefore the
counter 12 and the write controller 13 are disabled.

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
inpue signal at its input terminal 23B. At the same time,
the bus controller 21 outputs a control signal to the main

_memo*y 3 thereby startlng Access of _the main memoryv 3. - .
< - " The data read out from the main memory 3 is
latched by the latch circuit 22 and is output onto the
processor data bus 102 through a line 117 and the
multiplexer 23. -

As described above, according to this embodiment,
during clearing of the valid bit memory 11, the mode of
access of the cache memory 20 by the processor is

- automatlcally changed to .the bypass mode at the cache

~memery unlt 2 51de or—to_the cache_access mode at the end -

of clearing of the valla bit memory ll. There:ore, the
3 processor i can access the cache memofy 11 without
detecting the end of clearing of the valid bits.

Fig. 3 is a block diagram of a cache memory
control syetem eccording 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.



b and supplies an error signal d to the processor 40 thrjpu
response to the timng control signal a generated by a t_ﬂL

er-r or signaf register 58. The error register 60 holds t EE
g
2

ot the basis of the clock signal c. The timng control

1]
timng controller 59 is also supplied to the bypass reglster
control signal.

11

56 as a

An address bus 201 of the processor 40 is

connected to the input terminal of an address register 53,

The output terminal of the address fegister 53

is connected

to the cache hemory 50 and an I/0 buffer 54 for

time-divisionally controlling the inputs to or outputs from

the main memory 70. The I/O buffer 54 is connected -to the

main memory 70 through a bidirectipnal bus 203 and

time-divisionally gates the address signal supplied to the

_main memory 70 and dataToutput from the main . memory 70. 7 __

A data_output from _the I/0 buffer 54 is input to

and held by an input régister 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 c input

through a line. 207. The bypass register 56 holds the input

data and outputs the data to one input terminal of a

multiplexer 57 through a line 209 in response

control signal a suppiied through a line 215.
"0 _input terﬁinﬁfLéfwthééﬁﬁ;;ipiéxef_Siureceiveé_

from the cache memory 50 through a iine 208.

multiplexer 57 selects one of the two inputs,

to a timing
The other

data supplied

The

and the

selected data is output to a data bus 210 of the processor

40.

The main memory 70 outputs a bus error signal b

to a bus error 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



The operatidn of the cache nenory control system shown i é?mt . :
- described with reference to Figs. 4(A) to 4(J) representingéggge drﬁtso ET

signals inthe main parts of the circuit shown in Fig. 3.

enbodi ment, the address signal and the data signal during

main menory 70 time-divisionally use a single bus 203. The data read order
during access of the main nenory 70 is determned by a control schene in
whi ch data accessed by the processor 40 i sl¥ead out first, and then the

remaining datarbSul€adfOpéferencing of the directory 51, the cache memory

59 accesses the main memory 70 to read out the desired
blocks, that is, a main memory access starts.

In the main memory access, an-aédress 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)) ffcm the main memory 70 are seguentiaily
latched by the input register 55 in ;esponse to clocks c,
és shown in Fig. 4(D); |

In this embodiment, each da;F block consists of 4
words DO to D3, Main memory access is completed when
4-word data is.iatched. -As previously described, the data

accessed by the processor 40 is D0, '‘and the remaining data

are Di to D3.

. _" -T§E_géntgpts of'ﬁﬂériqput-;@gisté:’%s-are;}nput_
to thé data-héﬁary 52 to updat;t;héféété‘meﬁorY'52 and is
also_ input ﬁo the bypass register 56, as shown in

Fig. 4(F). The timing signal a input to the byﬁass
register 56 is generated by the timing generator 59 in
order to discriminate 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




When access of the cache nmenory 50 by the processor 40 is|S '

address signal is applied to the address bus 201 and is | at é§Q§MENE§HEET
address register 53. The directory 51 of the cache nenory| 50

off the basis of the address signal. If the addressed data_lﬁaﬁetegt

r
stored in the data nenory 52, the data is output onto the data DuUS
the processor 40 through the nultiplexer 57. However, if the addressed data
is detected not to be stored in the cachelgpnory 50 as a - 12 -

56 is output to the data bus 210 through the multiplexer
57. | |
The bus.error signal b (fig.'4(E)) representing a
bus error during main memory 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 bus
error register 58 is input to and held by the error
register 60 (Fig. 4(H)). The timing signal a input to the
‘e;ror registér 60 is output for- onlv the -first ré;douu data T
- - PO, as described above. Therefore, the error register 60
latches only the error information for the data DO but does
not latch the-error information for the data D1 to D3. An
output signal from the error.registef“ﬁo is supplied to the
processor 40 as. the error signal 4 shown in Fig. 4(J).

In the above embodiment, a data bus required for

data wrlte access 1is omitted for illustrative convenience.

T ) 'dlrectory-SI 1n—the cache memory 50.-.If the processor AO

accesses data in this block, a mlshlt 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
the main memory 70, error information for only the data
accessed by the processor 40 is suppiied to the processor

40, and unnecessary error processing of the processor 40

can be eliminated.
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What is clzimed is:

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

_access status for using said cache memory or cache bypass

status ‘for bypassing said cache memory;

means for storing valid bits for representin

\Q

-

dity of data and address information, both of whic

alid

b:
o
La]
()]

stored in said cache memory;

means for clearing the wvalid bits;
!

means for outputting a signal representing that
~the valid bits are being cleared; and

- - - " means_.for changing said status changing means .to

- : the cache bypass:status in response -to the signal from said

“signal ouiput means. ;

2. Aﬂsystem according to claim l,'wherein said

clearing means comnr‘ses a counte _for starting a count
.

operation in response to the signal representing that the

valid bits are being cleared, a write controller for

starting write access of said valid bit storing means in

response to the signal from said signal output means, and a

multiplexer, responsive to the signal from said signal

wwmmww Tl



out put onto the bus 203 of the main menory 70 in the Sl.s
4(A). The next S2Wstate is a wait state and is inserted RﬁpmkagmgnTQﬁEET
output fromthe main nenory 70 i epared. The n@xt S2Q to 6&%
;stat es are states for reading t eTHléa;;.ngTT- t dat al/(batg:..'4 (‘Bﬂ Y
“the main nmenory 70 are sequenti EeNa6-f i nput rFegFEStet !
‘response to clocks ¢, as shown i s enbodi nent, each data
bl ock consists of 4 words DO to D3. Main menory access i s conpleted when

16

output means, for supplying an output from said counter to

said valid bit storing mezns as an address signal.

: or 2/
3. : A system according to claim VY, 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

i

signal from said .countér.—_= - _ -7 I ~

4. ’ A cache memory control system comprising:

a small-capacity cache memory arranged between =
processor and a main memory to effectively shorten access
time; s .i'

! -

means for detecting error information

representing an error occurring during transfer of a block

from sald maln memory to sald cache memory,

ST T 'e:'"f,rtr Teans- for outputtlng a tlm;ng 51gnel representlng

a transfer tlmlng of processor access data accessed by sald
processor, the processor access data being 1ncluded in
blocks-transferred from said main memory to said cache
memory;-andh

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 error information is associated with

the processor access data, and for sending a discrimination

result to said processor.
—_— . This Sheet Has Been Replaced

I L




4-aword data is latched. As preV|oust descr.i bed, the dat a—aeceessed-by
processor 40 is DO, and the remaining data are D1 to D3. 1haqum¢§mEﬁT@MEET_
the input register 55 are- input to the data nmenory 52 tollupdate the data

nmenory 52 and is also input to the bypass register 56, as fsb@lwa 14, AUB.1008.
4(F). The timing signal a input to the bypass register 56 =i
"the timng generator 59 in order to discrimnate a transfer timng of the

data DO accessed by the processor 40. As shown in Fig—4(E) _the
| THIS SHEET HAS BEEN
17 HePt ACED
Abstract:

CACHE MEMOKRY CONTROL SYSTEM

A cache memory control system includes a circuit

for clearlng valld blts of data and address data, both of

. - T - (20) { o —_—
— whlch are. s;ored in.a cache memory,na cirdui Lor . _

outputtlng ‘a 51cnal renresentlng valid b1ts are belng
. 20 '
cleared, and a c1r¢u1t for changlng the cache memogy %rom -

cache access status to cache bypass status in response to
i N

the signal representing that the valid bits are being

.. .

cleared. (Fig.uf) f

[
as Been R laced

T



REPULACEMENTSHERT,

b (F

HAS BEEN

REPLACED

to

THIS SHE

readout d
14 56 is

‘ng mai n nmenory access is

pass register
X&§ 57. The bus error sign

i

i

ais output for only the first

m ng signal
Hg. 4(F)
bus 210 throu

Fepresen

ti
(.

i

1/4

ﬁ.l.ll.mﬂln..l.lﬂ..lu!ll..l.llln'lul.ill.llr.l rrr - ln
. N i |
_ a4 IT00LNOY  jou "
| o . 117 e N |
| . S |
| < — ol
== WA _ T
_ = - o]t
i == ms | AT
| B i aatn O | e 8Pt el |
| | tl o L |
e s T I L o0,
! —pd) = i il
T0ULNOY wwmuu<\1,4 ol s 1e - ST :
. |
|
| il — g o) N
s - | «_
| waony 8 :
g || TR ﬁ._| Ay BRSSO g e
“Nw_. , T mw__zga | |
e i X HOSSE044
_ _ ) i “ :
| m 8l =_.. T ]
- L0 Al L e ML | il
w T | W e o] | a “
. \
s | 1 % o s p |
L o L] MYl || Mo v _
| ! gg— ]
_ NHONI 3H0HO 0 _
. |
_ 0 I { |
] - - . i Wl
L J

L LNDANOWIW W~

WA DA TP AR s S Ly T i




ers or régisier 58 (Fig. 4(Q) and is held until the next naikA-¥ERBEY aCcCcesS

cycle. An output signal fromthe bus error register 58 isinamﬂmjgmgnrhﬁggfj

. by the error register 60 (Fig. 4(H)). The timng signal & |np the
error register 60 is output for only the first readout d ]®a@9 698

descri bed above. Therefore, the error register 60 |atches=om

information for the data DO but does not latch the-erraqr Infnrnnflnn for

the data D1 to D3. An output signal fromthe error _ | gd
to the processor 40 as the error signa®4d shown in Fig.| 4(J) repLACED
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In-the above enbodi nent, a data bus required for data wi
omtted for illustrative convenience. A- block including HR%?#%ﬁEMENhSHEET
registered in the directory 51 in-the-cache nenory 50. | the sQr
acGesses data in this block, a nishit occurs, and access pfPafe ﬁgﬁﬁ
70 is perfornmed. According to the present invention as SCrHhed=
during data transfer between the cache ngppry 50 and t hg HHEHSHEHDHﬁSEEE-]

error information for only the data accessed by the prodgssor REPLASED

supplied to the processer
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40, and unhecessary error processing of ‘the processor 40.-can- . betelirimaed.

15 CLAIMS 1. A cache pmenory control
cache nmenory arranged between a processor And a main

shorten %ﬁmﬁ
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I nformati on representlng an erI’Or__Q_C_C_LlI’l’Inﬂ

% ?Lﬂé%@‘ﬂ‘ SHEET

BN .é.lg.ISﬁﬁ....

méans for* suppl yi ng error
during transfer of a block fromsaid main nenory to said
melans for outputting a timng signal representing a transf
access data requested by said processor, the access data hetﬁ
bl ocks transferred fromsaid main nmenory to said cache nmenBry:
I nformation retaining neans for retaining the error infornatlon mhen the
error information is discrimnated by the tinmng signal such that the error
information is associated with the aagess data, and for sending a
discrimnation result to said processor. 1111111 111111 11111111211111111
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16" out put ‘means, for supplying an output fromsaid counter to said valid
~bit storing neans as an address signal. or 2/ 3. é?m
‘to:claiml/, wherein said signal output neans conprises AGEMENHSGEET 9
. set in response to a clear conmand or a reset signal fro gqu d ggcﬂgﬁdg%
~and which is reset in response to a count end [T e,
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sfgnal friomsaid counter. 4. A cache nenory contrqgl.system.....
conprising: a small-capacity cache nmenory arranged betweenf%rgﬁggﬁ%ﬁqggug

a main nenory to effectively shorten access tine, - means
detecting error informati on representing an error occurr|ngjguulﬁgNmVéQGSen
of a block fromsaid main nenory to said cache nenory;, BaS QUL BT T 1y

a timng signal representing a transfer timng of processor access dat a
accessed by said
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ptocessor’, the processor access data being included in blpEkStra &r
fromsaid main menory to said cache nenory; and error i nfioFEELAE HMI% ng
rreans for retaining the error information when the error | nf or fp

det ect ed by said detecting neans is discrimnated by the ﬂﬁ‘hq srunal""en‘ﬁ'
that the error information is associated with the processor access dat a,
and for sending a discrimnation result to said processor.
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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 performing unilecessary ei‘ror checking during
data transfer from a main memory to a cache memory.
According to one aspect of the present invention there is provided a cache

memory control system comprising: a small-capacity cache memory arranged between a

. processor and a main memory to effectively shorten access time; means for supplying

error information representing an error occurring during tra!nsfer of a block from said

~main memory to said cache memory; means for outputting a timing signal representing a

transfer timing for access data requestéd by said processor, the access data being
included in blocks transferred from said main memory to said cache memory; and error
information retaining means for retaining the error information when the error
information is discriminated by the tlmmg signal such that the error information is

associated with the access data, and for sending a discrimination result to said processor.
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Fig. 1 is a block diagram of a cache memory control system according to an
embodiment of the present invention;

Figs. 2(A) to 2(F) are timing charts showing waveforms of signals in the main

parts in the circuit shown in Fig. 1;

.Fig. 3 is a block diagram of a cache memory control system according to

another embodiment of the present invention; and
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CLAIMS

1. A cache memory control system comprising:

a small-capacity cache memory arranged between a processor And a main
memory to effectively.shorten access time;

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

means for outputtihg a timing signal representing a transfer timing for access
data requested by said processor, the access data being included in blocks transferred
from said main memory to said cache memory; and

error information retaining means for retaining the error inforination when the
error information is discriminated by th:e timing signal such that the error information is

associated with the access data, and for sending a discrimination result to said processor.

RN ORI




REPLACEMENT SHEET

16

Abstract -

CACHE MEMORY CONTROL SYSTEM
ABSTRACT |
- A cache memory control system includes a circuit for clearing valid bits of data
and address data, both of which are stored in a cache memory, a circuit for outputting a
signal -representip,g valid bits are being cleared, and a circuit for changing the cache
memory from cache access status to cache bypass status in response to the signal
representing that the valid bits are being cleared.

Fig. 1



