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(57) ABSTRACT 

In order to immediately respond to an access request from a 

processor With reduced poWer consumption, a requested 
information is read out from a cache memory 31 or infor 

mation buffers 421 to 42 4 and supplied to the processor When 

comparators 343 to 3410 output hit signals. The cache 
memory control method performs a ?rst processing to read 
the tag from the tag memories 321 and 322 and temporarily 
store it in the tag buffers 351 and 352 When there is no hit 
signal output therefrom, performs a second processing to 
read the information from the cache memory 31 and supply 
it to the processor When a hit signal is output from the 
comparators 343 to 342 and to read the information from the 
main memory on the basis of the address signal AD, 
temporarily store the information in the information buffers 
421 to 424 and the cache memory 31 and temporarily store 
the address of the information temporarily stored in the 
information buffers 421 to 424 in the backup buffer 39 When 
there is no hit signal output from the comparators 343 to 342. 
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METHOD AND DEVICE FOR CONTROLLING 
CACHE MEMORY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method and 
device for controlling a cache memory and, particularly, to 
a method and device for controlling a cache memory, in such 
a Way that an information such as instructions and/or data, 
etc., Which is requested by a processor, is read out from a 
cache memory or a main memory and supplied to the 
processor. 

[0003] 2. Description of Related Art 

[0004] FIG. 9 is a block circuit diagram shoWing an 
eXample of an electrical construction of a main portion of a 
data processor to Which a conventional cache memory 
control device is applied. 

[0005] The data processor shoWn in FIG. 9 is constructed 
With, mainly, a processor 1, a cache memory control device 
2 and a main memory device 3. The cache memory control 
device 2 is constructed With, mainly, a cache memory 4, a 
tag memory 5, an address generator circuit 6, a comparator 
7, buffers 8 to 11, an LRU (Least Recently Used) informa 
tion generator circuit 12 and an LRU memory 13. 

[0006] The processor 1 performs a data processing by 
controlling various portions of the data processor. The cache 
memory control device 2 reads out an information such as 
instructions and/or data, etc., Which is requested by the 
processor 1, from the cache memory 4 or the main memory 
device 3, as occasion demands, and supplies the information 
thus read out to the processor 1. The information such as 
instructions and/or data, etc., Which are necessary for the 
processor 1 to perform a data processing, is stored in the 
main memory device 3. 

[0007] The cache memory 4 temporarily stores the infor 
mation such as instructions and/or data, etc., Which is read 
out from the main memory device 3. In order to search the 
information stored in the cache memory 4, the tag memory 
5 stores a tag, Which is a portion of an address of the 
information. The address generator circuit 6 generates an 
address necessary to read the information, to Which the 
processor 1 requests an access, from the main memory 
device 3, in a case of “mishit”, that is, When the information 
is not stored in the cache memory 4. The comparator 7 
compares the tag Which is a portion of the address supplied 
from the processor 1 With a plurality of tags read out from 
the tag memory 5 and outputs a hit information in a case of 
“hit”, that is, When the information requested by the pro 
cessor 1 is stored in the cache memory 4 and a tag, Which 
is the same as the tag, is found in the tags read out from the 
tag memory. The buffer 8 temporarily stores the address 
supplied from the processor 1. The buffer 9 temporarily 
stores the hit information supplied from the comparator 7. 
Buffer 10 temporarily stores the information read out from 
the cache memory 4. The buffer 11 temporarily stores the 
address generated by the address generator circuit 6. The 
buffers 8 to 11 are constructed With latches and ?ip-?ops, 
etc., respectively. In order to effectively utiliZe the cache 
memory 4, the LRU information generator circuit 12 gen 
erates, on the basis of the hit information read out from the 
buffer 9, an LRU information indicating that an information 
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among the information stored in the cache memory 4, Which 
is not used for the longest time, is replaced by an information 
neWly read out from the main memory device 3. The LRU 
information is stored in an address of the LRU memory 13, 
Which address is read out from the buffer 8. 

[0008] An operation of the cache memory control device 
constructed as mentioned above Will be described. First, 
When the processor 1 requests an access to a certain infor 
mation and supplies a certain address to the cache memory 
control device 2, the address is temporarily stored in the 
buffer 8. The same address is also supplied to the cache 
memory 4 and the tag memory 5. Therefore, a tag corre 
sponding to the address is read out from the tag memory 5. 
The comparator 7 compares the tag corresponding to a 
portion of the address supplied from the processor 1 With a 
plurality of tags read out from the tag memory 5 and outputs 
a hit information in a case of “hit”, that is, When the 
information requested by the processor 1 is stored in the 
cache memory 4 and a tag, Which is the same as the tag 
corresponding to the portion of the address from the pro 
cessor, is found in the tags read out from the tag memory. 
The buffer 9 temporarily stores the hit information supplied 
from the comparator 7. Simultaneously With this processing, 
an information corresponding to the address is read out from 
the cache memory 4 When it is hit and is temporarily stored 
in the buffer 10. The above mentioned processing up to the 
temporary storage of the information in the buffer 10 Will be 
referred to as “?rst processing”. 

[0009] Then, the LRU information generator circuit 12 
generates the LRU information on the basis of the hit 
information read out from the buffer 9 and the LRU infor 
mation is stored in the address in the LRU memory 13, 
Which is read out from the buffer 8. In the case of hit, the 
information temporarily stored in the buffer 10 is supplied to 
the processor 1. This processing Will be referred to as 
“second processing”. 

[0010] The above mentioned ?rst and second processing 
are eXecuted in pipeline. 

[0011] On the other hand, in the case of mishit, the address 
generator 6 generates an address for reading an information 
corresponding to the address from the main memory device 
3 and the this generated address is temporarily stored in the 
buffer 11. Therefore, the address temporarily stored in the 
buffer 11 is read out and supplied to the main memory device 
3. Thus, the information corresponding to the address sup 
plied from the main memory device 3 is read out and stored 
in the cache memory 4. Subsequently, the ?rst processing 
and the second processing are executed. 

[0012] When an address corresponding to an access 
request related to a certain information is supplied from the 
processor 1 in the conventional cache memory control 
device 2 mentioned above, it takes a time corresponding to 
at least one clock from the supply of the address An (n=1, 
2, 3, . . . ) up to a time at Which a search for a tag 

corresponding to the address in the tag memory 5 ends (see 
FIG. 10(1)). Therefore, in the case of hit, it takes a time 
corresponding to at least 1 clock to read out the requested 
information Dn (n=1, 2, 3, . . . ) from the cache memory 4 
(see FIG. 10(2)). Thus, there is a defect that it is impossible 
to immediately respond to an access request from the 
processor 1, even When the information is stored in the cache 
memory 4. 
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[0013] Further, When there are successive hits in the 
described conventional cache memory control device 2, the 
cache memory 4, the tag memory 5 and the LRU memory 13 
are always accessed With considerable poWer consumption 
since the reading of the information (see FIG. 10(2)), the 
reading of the tag (see FIG. 10(3)) and the update of the 
LRU information (see FIG. 10(4)) are executed in pipe line 
processing. Therefore, When the processor 1 and the cache 
memory control device 2 are constructed as a single IC chip, 
operating temperature of the IC chip is increased, causing 
the life thereof to be shortened. In order to solve this 
problem, a heat radiator or a fan has to be provided, resulting 
in another defect that the data processing device becomes 
high in cost and large in siZe. 

SUMMARY OF THE INVENTION 

[0014] The present invention Was made in vieW of the 
above mentioned state of art and an object of the present 
invention is to provide a method and device for controlling 
a cache memory, With Which a quick response to an access 
request from a processor is realiZed With reduced poWer 
consumption. 

[0015] In order to achieve the above object, a cache 
memory control method according to a ?rst aspect of the 
present invention, Which is used in a cache memory control 
device including a cache memory storing an information, a 
tag memory storing tags constructing addresses correspond 
ing to the information stored in the cache memory and at 
least one buffer for temporarily storing tags read out from 
the tag memory. The cache memory control method is 
adapted to read out an information requested by a processor 
from the cache memory or a main memory device and 
supply it to the processor. The cache memory control 
method of the present invention is featured by comprising 
the steps of reading at least one of the tags stored in the tag 
memory, Which tag constitutes an address corresponding to 
an information predicted as to be requested neXt by the 
processor, on the basis of the address corresponding to the 
information requested neXt by the processor, temporarily 
storing the tag read out from the tag memory in the buffer 
and comparing the tag constituting the address supplied neXt 
from the processor With the tag temporarily stored in the 
buffer, before the tag constituting the address supplied neXt 
from the processor is read out from the tag memory. 

[0016] According to a second aspect of the present inven 
tion, in the cache memory control method according to the 
?rst aspect, the tag constituting the address corresponding to 
the information predicted as to be requested neXt by the 
processor is one of a tag corresponding to the information 
currently requested by the processor, a tag adjacent to the 
tag, a tag corresponding to an information requested past by 
the processor and a tag constituting an address correspond 
ing to the information When an information stored in a 
discontinuous memory region of the main memory device is 
requested by the processor, or a combination of these tags. 

[0017] A third aspect of the present invention resides in a 
cache memory control method, Which is used in a cache 
memory control device including a cache memory storing an 
information, a tag memory storing tags constituting 
addresses corresponding to the information stored in the 
cache memory, a ?rst buffer for temporarily storing tags read 
out from the tag memory, a second buffer for temporarily 
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storing an information read out from the main memory 
device and a third buffer for temporarily storing addresses 
temporarily stored in the second buffer. The cache memory 
control method according to the third aspect of the present 
invention is adapted to read out an information requested by 
a processor from the cache memory or a main memory 
device and supply it to the processor. The cache memory 
control method according to the third aspect of the present 
invention is featured by comprising a ?rst processing com 
posed of the steps of reading an information from the cache 
memory or the second buffer and supplying it to the pro 
cessor When an address corresponding to a requested infor 
mation supplied from the processor or a tag constituting the 
same address coincides With the address temporarily stored 
in the third buffer or the tag temporarily stored in the ?rst 
buffer, or reading out the tag constituting the address sup 
plied from the processor from the tag memory and tempo 
rarily storing it in the ?rst buffer When the address corre 
sponding to the requested information supplied from the 
processor or the tag constituting the same address does not 
coincide With the address temporarily stored in the third 
buffer or the tag temporarily stored in the ?rst buffer stored 
in the cache memory, and a second processing composed of 
the steps of reading an information from the cache memory 
and supplying it to the processor When the tag constituting 
the address supplied from the processor coincides With the 
tag temporarily held in the ?rst buffer in the ?rst processing, 
or reading out the information from the main memory device 
on the basis of the address supplied from the processor, 
temporarily storing the information in the second buffer and 
the cache memory and temporarily holding the address of 
the information temporarily held in the second buffer in the 
third buffer When the tag constituting the address supplied 
from the processor does not coincide With the tag tempo 
rarily held in the ?rst buffer in the ?rst processing. 

[0018] A fourth aspect of the present invention is featured 
by that, in the third aspect, the cache memory control device 
further includes a fourth buffer for temporarily storing a tag 
of an information predicted as to be requested neXt by the 
processor, Which is read out from the tag memory, that a 
third processing for reading the tag of the information 
predicted as to be requested neXt by the processor from the 
tag memories and temporarily storing the tag in the fourth 
buffer and that, in the ?rst processing, one of the address 
temporarily stored in the third buffer and the tags tempo 
rarily stored in the ?rst and fourth buffers is determined as 
being coincident With the address supplied from the proces 
sor or the tag constituting the address. 

[0019] According to a ?fth aspect of the present invention, 
a cache memory control method for reading an information 
requested by a processor from a cache memory or a main 
memory and supplying the information to the processor, the 
cache memory control device including tag memories for 
storing tags constituting addresses corresponding to infor 
mation stored in the cache memory, a tag buffer for tempo 
rarily storing a tag read out from the tag memories, an 
information buffer for temporarily storing an information 
read out from the main memory, a backup buffer for tem 
porarily storing an address of the information temporarily 
stored in the information buffer, a last buffer for temporarily 
storing a neWest tag, a neXt buffer for temporarily storing a 
tag adj acent to the tag constituting the address supplied from 
said processor and corresponding to the information 
requested thereby and a branch buffer for temporarily stor 



US 2002/0056026 A1 

ing a tag constituting an address of an information tempo 
rarily stored in a discontinuous memory region of said main 
memory When the information is requested by the processor. 
The cache memory control method comprises a ?rst pro 
cessing for reading the information from the cache memory 
or the information buffer and supplying the information to 
the processor When an address supplied from the processor 
or a tag constituting the address is coincident With an address 
temporarily stored in the backup buffer or a tag temporarily 
stored in the last buffer, the neXt buffer or the branch buffer, 
a second processing for reading the information from the 
cache memory and supplying the information to the proces 
sor When the tag constituting the address supplied from the 
processor is coincident With the tag temporarily stored in the 
tag buffer, a third processing reading the information from 
the main memory on the basis of the address supplied from 
the processor, temporarily storing the information in the 
information buffer and in the cache memory and temporarily 
storing addresses of the information temporarily stored in 
the information buffer in the backup buffer, a fourth pro 
cessing for reading the tag constituting the address supplied 
from the processor from the tag memories and temporarily 
storing the tag in the tag buffer and a ?fth processing for 
reading the tag adjacent to the tag constituting the address 
supplied from the processor and temporarily storing the 
adjacent tag in the neXt buffer, and, the information stored in 
the discontinuous memory region of the main memory is 
requested by the processor, temporarily storing the tag 
constituting the address corresponding to the information in 
the branch buffer and, otherWise, temporarily storing the 
information in the last buffer. 

[0020] According to a siXth aspect of the present inven 
tion, in the cache memory control method according to the 
?fth aspect, the ?rst to third processing are performed in 
parallel to the fourth and ?fth processing independently 
therefrom. 

[0021] According to a seventh aspect of the present inven 
tion, in the cache memory control method according to the 
?fth or siXth aspect, the cache memory is composed of a 
plurality of Ways each composed of a plurality of entries for 
storing a plurality of information. The neXt buffer and the tag 
buffer are provided for each Way, respectively, the informa 
tion buffer is provided for each of information stored in each 
of the entries. In the third processing, all information con 
stituting the entries to Which the informations belong are 
read out from the main memory and temporarily stored in 
the plurality of the information buffers. 

[0022] According to an eighth aspect of the present inven 
tion, a cache memory control device for reading an infor 
mation requested by a processor from a cache memory or a 
main memory and supplying the information to said pro 
cessor, comprises tag memories for storing tags constituting 
addresses corresponding to information stored in the cache 
memory, at least one buffer for reading a tag constituting an 
address corresponding to an information predicted as to be 
requested neXt by the processor, on a basis of an address 
supplied from the processor and corresponding to a 
requested information, and temporarily storing the tag in at 
least one of the tag memories and a comparator for com 
paring the tag constituting the address supplied neXt by the 
processor With the tag temporarily stored in the buffer, 
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before the tag constituting the address supplied neXt by the 
processor is read out from the at least one of the tag 
memories. 

[0023] According to a ninth aspect of the present inven 
tion, in the cache memory control device according to the 
eighth aspect, the tag constituting the address corresponding 
to the information predicted as to be requested neXt by said 
processor is one of a tag corresponding to an information 
currently requested by the processor, a tag adjacent to the tag 
corresponding to the information currently requested by the 
processor, a tag corresponding to an information requested 
by the processor in the past and a tag constituting an address 
corresponding to an information in a case Where the infor 
mation stored in a discontinuous memory region of the main 
memory is requested by the processor, or a combination of 
these tags. 

[0024] According to a tenth aspect of the present inven 
tion, a cache memory control device for reading an infor 
mation requested by a processor from a cache memory or a 
main memory and supplying the information to the proces 
sor, comprises tag memories for storing tags constituting 
addresses corresponding to information stored in the cache 
memory, a ?rst buffer for temporarily storing a tag read out 
from the tag memories, a second buffer for temporarily 
storing an information read out from the main memory, a 
third buffer for temporarily storing an address of an infor 
mation temporarily stored in the second buffer, a ?rst 
comparator for comparing a tag constituting an address 
supplied from the processor and corresponding to an infor 
mation requested by the processor With a tag temporarily 
stored in the ?rst buffer and outputting a hit signal When the 
tags are coincident, a second comparator for comparing the 
address supplied from the processor With the address tem 
porarily stored in the third buffer and outputting a hit signal 
When the addresses are coincident. The information is read 
out from the cache memory or the second buffer and 
supplied to the processor When either the ?rst or second 
comparator outputs a hit signal, the tag constituting the 
address supplied from the processor is read out from the tag 
memory and temporarily stored in the ?rst buffer When 
neither the ?rst nor second comparator outputs a hit signal, 
the information read out from the cache memory and sup 
plied to the processor When the ?rst comparator outputs the 
hit signal, or the information is read out from the main 
memory on the basis of the address supplied from the 
processor and temporarily stored in the second buffer and the 
cache memory and the address of the information tempo 
rarily stored in the second buffer is temporarily stored in the 
third buffer When the ?rst comparator outputs no hit signal. 

[0025] According to an eleventh aspect to the present 
invention, in the tenth aspect, the cache memory control 
device further comprises a fourth buffer for temporarily 
storing a tag of an information predicted as to be requested 
neXt by the processor and read out from the tag memories 
and a third comparator for comparing the tag constituting the 
address supplied from the processor With the tag temporarily 
stored in the fourth buffer and outputting a hit signal When 
the tags are coincident. The information is read out from the 
cache memory or the second buffer and supplied to the 
processor When the ?rst to third comparators output the hit 
signals, the tag constituting the address supplied from the 
processor is read out from the tag memory and temporarily 
stored in the ?rst buffer and a tag of an information predicted 
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as to be requested next by the processor is read out from the 
tag memory and temporarily stored in the fourth buffer When 
the ?rst to third comparators outputs no hit signal, the 
information is read out from the cache memory and supplied 
to the processor When the ?rst comparator outputs the hit 
signal, or the information is read out from the main memory 
on the basis of the address supplied from the processor and 
temporarily stored in the second buffer and the cache 
memory and the address of the information temporarily 
stored in the second buffer is temporarily stored in the third 
buffer When the ?rst comparator outputs no hit signal. 

[0026] According to a tWelfth aspect of the present inven 
tion, a cache memory control device for reading an infor 
mation requested by a processor from a cache memory or a 
main memory and supplying the information to the proces 
sor, comprises tag memories for storing tags constituting 
addresses corresponding to information stored in the cache 
memory, a tag buffer for temporarily storing a tag read out 
from the tag memories, an information buffer for tempo 
rarily storing an information read out from the main 
memory, a backup buffer for temporarily storing an address 
of an information temporarily stored in the information 
buffer, a last buffer for temporarily storing a neWest tag, a 
next buffer for temporarily storing a tag adjacent to the tag 
constituting an address supplied from the processor and 
corresponding to an information requested by the processor, 
a branch buffer for temporarily storing a tag constituting an 
address of an information temporarily stored in a discon 
tinuous memory region of the main memory When the 
information is requested by the processor, a ?rst, second, 
third and fourth comparators each for comparing a tag 
constituting an address supplied from the processor and 
corresponding to an information requested by the processor 
With a tag temporarily stored in different one of the tag 
buffer, the last buffer, the next buffer and the branch buffer 
and outputting a hit signal When the tags are coincident and 
a ?fth comparator for comparing the address supplied from 
the processor With the address temporarily stored in the 
backup buffer and outputting a hit signal When the addresses 
are coincident. The cache memory control device takes in a 
?rst state in Which, When the second to ?fth comparators 
output the hit signals, the information is read out from the 
cache memory or the information buffer and supplied to the 
processor, a second state in Which, When the ?rst comparator 
outputs the hit signal, the information is read out from the 
cache memory and supplied to the processor, a third state in 
Which the information is read out from the main memory on 
the basis of the address supplied from the processor, tem 
porarily storing the information in the information buffer 
and in the cache memory and addresses of the information 
temporarily stored in the information buffer are temporarily 
stored in the backup buffer, a fourth state in Which the tag 
constituting the address supplied from the processor is read 
out from the tag memories and temporarily stored in the tag 
buffer and a ?fth state in Which the tag adjacent to the tag 
constituting the address supplied from the processor is read 
out from the tag memories and temporarily stored in the next 
buffer, and, When the information stored in the discontinuous 
memory region of the main memory is requested by the 
processor, the tag constituting the address corresponding to 
the information is temporarily stored in the branch buffer 
and, otherWise, the tag constituting the address correspond 
ing to the information is temporarily stored in the last buffer. 
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[0027] According to a thirteenth aspect of the present 
invention, the ?rst to third states of the cache memory 
control device according to the tWelfth aspect are in parallel 
to the fourth and ?fth states independently therefrom. 

[0028] According to a fourteenth aspect of the present 
invention, the cache memory of the cache memory control 
device according to the tWelfth or thirteenth aspect is 
composed of a plurality of Ways each composed of a 
plurality of entries for storing a plurality of information. The 
next buffer, the tag buffer and the ?rst and third comparators 
are provided for each Way, respectively, the information 
buffer is provided for each of information stored in each of 
the entries, and a predetermined number of the branch 
buffers and a predetermined number of the fourth compara 
tors are provided. In the third state, all information consti 
tuting the entries to Which the information belong are read 
out from the main memory and temporarily stored in the 
plurality of the information buffers. 

[0029] According to the construction of the present inven 
tion, it is possible to immediately respond to an access 
request from a processor and to reduce poWer consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] This above mentioned and other objects, features 
and advantages of the present invention Will become more 
apparent by reference to the folloWing detailed description 
of the invention taken in conjunction With the accompanying 
draWings, in Which: 

[0031] FIG. 1 is a block circuit diagram shoWing an 
electrical construction of a main portion of a cache memory 
control device according to a ?rst embodiment of the present 
invention; 

[0032] FIG. 2 is a block circuit diagram shoWing an 
electrical construction of a main portion of a data processing 
unit to Which the cache memory control device shoWn in 
FIG. 1 is applied; 

[0033] FIG. 3 is a block circuit diagram shoWing an 
electrical construction of a cache memory constructing the 
cache memory control device shoWn in FIG. 1; 

[0034] FIG. 4 is a ?oWchart shoWing an operation of the 
cache memory control device shoWn in FIG. 1; 

[0035] FIG. 5 is a timing chart for explaining a ?rst and 
third processing performed in the cache memory control 
device shoWn in FIG. 1; 

[0036] FIG. 6 is a timing chart for explaining a second 
processing performed in the cache memory control device 
shoWn in FIG. 1; 

[0037] FIG. 7 shoWs an example of a portion of a program 
applied to the cache memory control device shoWn in FIG. 
1; 

[0038] FIG. 8 shoWs poWer consumption characteristics 
of the data processing unit When the cache memory control 
device shoWn in FIG. 1 and a conventional cache memory 
control device are used, respectively; 

[0039] FIG. 9 is a block circuit diagram shoWing an 
electrical construction of a main portion of the conventional 
cache memory control device; and 
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[0040] FIG. 10 is a timing chart for explaining defects of 
the conventional cache memory control device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] Embodiments of the present invention Will be 
described With reference to the accompanying draWings. 

[0042] FIG. 1 is a block circuit diagram shoWing an 
electrical construction of a main portion of a cache memory 
control device according to a ?rst embodiment of the present 
invention, FIG. 2 is a block circuit diagram shoWing an 
electrical construction of a main portion of a data processing 
unit to Which the cache memory control device shoWn in 
FIG. 1 is applied and FIG. 3 is a block circuit diagram 
shoWing an electrical construction of a cache memory 
constructing the cache memory control device shoWn in 
FIG. 1. 

[0043] As shoWn in FIG. 2, the data processing unit is 
mainly constructed With a processor 21, a cache memory 
control device 22, a bus control unit 23, a system bus 24 and 
a main memory device 25. 

[0044] The processor 21 is adapted to perform a data 
processing by controlling various portions of the data pro 
cessing unit, to supply an access request signal RQ request 
ing an access of a certain information such as instructions 
and data, etc., to the cache memory control device 22 and to 
supply an address signal AD of the information to the cache 
memory control device 22 in synchronism With the access 
request signal RQ. Further, When an access request of an 
information such as branch instruction and discontinuous 
data, etc., stored in a discontinuous memory region of the 
main memory device 25 is performed (referred to as “dis 
continuous access”), the processor 21 supplies a discontinu 
ous access signal TF indicative of the discontinuous access 
to the cache memory device 22, in addition to the signals RQ 
and AD. 

[0045] Therefore, in a case of hit, the cache memory 
control device 22 supplies an acknowledge signal AK 
indicative of the fact to the processor 21 and also supplies 
thereto an information signal DT as the access requested 
data in synchronism With the acknowledge signal AK. In a 
case of mishit, the cache memory control device 22 supplies 
an access request signal BRQ requesting an access of the 
same information or data to the bus control unit 23 in order 
to acquire the same data from the main memory device 25 
and supplies an address signal BAD of the same data thereto 
in synchronism With the access request signal BRQ. 

[0046] Thus, the bus control unit 23 supplies an acknoWl 
edge signal BAK indicative of a reception of the address 
signal BAD to the cache memory control device 22 and, 
after the same data is read out from the main memory device 
25 through the system bus 24, supplies a ready signal BRY 
indicative of the fact that the same data is read out from the 
main memory device 25 to the cache memory control device 
22 and supplies the same data to the cache memory control 
device 22 as an information signal BDT, in synchronism 
With the ready signal BRY. In this case, the bus control unit 
23 supplies a byte signal BDL of 4 bits, Which indicates the 
order of byte With Which the same information is indicated, 
to the cache memory control device 22. 

[0047] As shoWn in FIG. 1, the cache memory control 
device 22 is mainly constructed With tag memories 321 and 
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322, an address generator circuit 33, comparators 341 to 
3410, tag buffers 351 and 352, neXt buffers 361 and 362, 
branch buffers 371 to 374, a last buffer 38, a backup buffer 
39, an address input buffer 40, an address output buffer 41, 
information buffers 421 to 424, selectors 43 to 46, an 
incrementer 47 and an LRU control portion 48. 

[0048] In this embodiment, a memory capacity of the main 
memory device 25 is 64 MB and that of the cache memory 
31 is 8 kB. As shoWn in FIG. 3, the cache memory 31 is 
composed of tWo Ways 511 and 512 each having memory 
capacity of 4 kB. Each Way 51 is divided to 256 entries each 
storing 4 information each 1 Word long, that is, 32 bits long, 
since 1 Word includes 4 bytes each having 8 bits. Each roW 
in FIG. 3 is called a line 128 (=32X 4) bits long. Corre 
spondingly to this construction of the cache memory 31, the 
main memory device 25 is divided to 16384 (=2261/212) 
blocks every 4 kB, since 64 MB is 226 and 4 kB is 212. 
Further, in order to access respective information, the bit 
length of the address signalAD supplied from the processor 
21 is 26 bits. LoWer 2 bits including second and third least 
signi?cant bits of the address signal AD constitute an 
information select signal for selecting one of 4 data con 
structing 1 line and middle 8 bits including fourth to 
eleventh least signi?cant bits constitute an indeX signal for 
selecting one of 256 entries. Upper 8 bits including tWelfth 
to tWenty ?fth least signi?cant bits thereof become a tag 
signal for selecting one of 16384 blocks of the main memory 
device 25. 

[0049] Therefore, in each of the 2 Ways 511 and 512, the 
information corresponding to one line is read out corre 
spondingly to the indeX signal constituting the middle bits of 
the address signal AD supplied from the processor 21 and 
temporarily stored in registers 521 and 522. Then, the tag 
corresponding to the read-out information corresponding to 
one line is compared With the tag constituting the upper bits 
of the supplied address signal AD by comparators 531 and 
532. When the both tags are coincident, a Way selection 
signal is output from one of the comparators. One of the 4 
data constituting one line is selected from the register 521 
and 522, correspondingly to the information select signals 
and the selected information are supplied to a Way selector 
54. The Way selector 54 selects 1-Word information from the 
register 521 and 522 on the basis of the Way select signal and 
output therefrom. 

[0050] In FIG. 1, the tag memories 321 and 322 are 
provided correspondingly to the Ways 511 and 512, respec 
tively, shoWn in FIG. 3 and a tag of 14 bits is stored in each 
of 256 entries. The address generator circuit 33 generates an 
address for reading an access information requested by the 
processor 21 from the main memory device 25 in the case of 
mishit. 

[0051] The address input buffer 40 temporarily stores an 
address signal AD corresponding to an access request of a 
certain information supplied from the processor 21. The last 
buffer 38 temporarily stores a neWest tag (referred to as “last 
tag LTG”) Which is a portion of a neWest address signal AD 
stored temporarily in the address input buffer 40. The 
address output buffer 41 temporarily stores an address 
generated by the address generator circuit 33 in a case of 
mishit. The information buffers 421 to 424 temporarily store 
information read out from the main memory device 25 in the 
case of mishit. Reading of information from the main 



US 2002/0056026 A1 

memory device 25 in order to re?ll the cache memory 31 
With a neW information in this manner is referred to as 

“cache ?ll”. Incidentally, the reason for the provision of the 
four information buffers 42 is that the memory capacity of 
each information buffer corresponds to one Word and an 
amount of information read out from the main memory 
device 25 at once corresponds to one line composed of 4 
Words. The backup buffer 39 temporarily holds a header 
address of a line belonging to an information temporarily 
held in the information buffers 421 to 42 4 in the case of cache 
?ll. 

[0052] The branch buffers 371 to 374, temporarily hold 
tags Which are portions of the address signal AD supplied 
from the processor 21 in the case of discontinuous access. 
Although the number of the branch buffers 37 is 4 in this 
embodiment, it is not limited thereto and the larger the 
number of the branch buffers 37 results in the smaller the 
possibility of mishit in the case of discontinuous access. The 
neXt buffers 361 and 362 are provided correspondingly to the 
tag memories 321 and 322, respectively. When there is a 
continuous access request of information from the processor 
21, tags (each referred to as “next tag NTG”), Which are 
portions of an address signalAD of an information predicted 
as to be access-requested next, is preliminarily read out from 
the tag memories 321 and 322 and temporarily stored in the 
neXt buffers 361 and 362, respectively. The tag buffers 351 
and 352 are provided correspondingly to the tag memories 
321 and 322 and temporarily store tags read out from tag 
memories 321 and 322, respectively. 

[0053] The buffers 351 and 352, 361 and 362, 371 to 374, 38 
to 41 and 421 to 424 mentioned above are constructed With 
latches and ?ip-?ops, etc., respectively. 

[0054] The comparators 341 and 342 are provided corre 
spondingly to the tag memories 321 and 322, respectively, 
compare the tags temporarily stored in the tag buffers 351 
and 352 With the tag Which is a portion of the address signal 
AD temporarily stored in the address input buffer 40 and 
supply hit information to the LRU control portion 48 When 
the tags in the tag buffers 351 and 352 are coincident With the 
tag in the address input buffer 40. The comparators 343 and 
344 compare the neXt tags NTG’s temporarily stored in the 
neXt buffers 361 and 362 With a tag Which is a portion of the 
address signal AD supplied from the processor 21 and 
supply hit information to the LRU control portion 48 When 
the neXt tags are coincident With the tag. The comparators 
345 to 348 compare tags temporarily stored in the branch 
buffers 371 to 374 With the tag Which is a portion of the 
address signal AD supplied from the processor 21 and 
supply hit information to the LRU control portion 48 When 
the tags in the branch buffers are coincident With the tag. The 
comparator 349 compares the last tag LTG temporarily 
stored in the last buffer 38 With a tag Which is a portion of 
the address signal AD supplied from the processor 21 and 
supplies a hit information to the LRU control portion 48 
When they are coincident. The comparator 341O compares the 
address temporarily stored in the backup buffer 39 With the 
address signal AD supplied from the processor 21 and 
supplies a hit information to the LRU control portion 48 
When they are coincident. 

[0055] The selector 43 is input With the address signalAD 
supplied from the processor 21, the address signal AD 
temporarily stored in the address input buffer 40 and the 
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address generated by the address generator circuit 33, selects 
one of them and supplies the selected address to the cache 
memory 31. The selector 44 is input With information 
temporarily stored in the information buffers 421 to 424, 
selects one of them and supplies the selected information to 
the cache memory 31. 

[0056] The selector 45 is input With the information read 
out from the cache memory 31 and the information tempo 
rarily stored in the information buffers 421 to 42 4, selects one 
of them and supplies the selected information to the pro 
cessor 21 as the information signal DT. In order to prelimi 
narily read the neXt tag NTG from the tag memories 321 and 
322 When there is a continuous access request of information 
from the processor 21, the incrementer 47 increments an 
indeX value of a current address signal AD stored tempo 
rarily in the address input buffer 40 by +1. 

[0057] The selector 46 is input With the address signalAD 
supplied from the processor 21, the address signal AD 
temporarily stored in the address input buffer 40 and the 
address supplied from the incrementer 47, selects one of 
them and supplies the selected address to the tag memories 
321 and 322. The LRU control portion 48 includes a LRU 
memory 48a. The LRU control portion 48 generates the 
LRU information on the basis of the hit information supplied 
from the comparators 341 to 3410, and puts the LRU infor 
mation in the address temporarily stored in the address input 
buffer in the LRU memory 48a. 

[0058] NoW, an operation of the cache memory control 
device having the construction mentioned above Will be 
described With reference to a ?oWchart shoWn in FIG. 4 and 
timing charts shoWn in FIGS. 5 and 6. 

[0059] In this embodiment, the control of the cache 
memory 31 and a peripheral circuit thereof (referred to as 
“cache control”) and the control of the tag memories 321 and 
322 (referred to as “tag control”) are performed indepen 
dently in parallel. Therefore, the ?oWchart shoWn in FIG. 4 
is different from a usual ?oWchart in Which respective 
processing is eXecuted one by one along a time. 

[0060] First, in the cache control, there are four states, an 
idle state IDLE, a buffer check state BFCH, a tag check state 
TGCH and a cache ?ll state FILL. The idle state IDLE is a 
state in Which there is no control performed against the 
cache memory 31 and a peripheral circuit thereof. 

[0061] The buffer check state BFCH is a state in Which the 
comparators 341 to 3410 compare the tags and the addresses, 
Which are temporarily stored in the neXt buffers 361 and 362, 
the branch buffers 371 to 374, the last buffer 38 and the 
backup buffer 39, With the address signal AD supplied from 
the processor 21 and the tag, Which is a portion of the 
address signal AD, supply an information corresponding to 
the tag or the address to the processor 21 in the case of hit 
in any of the comparators 34 and is shifted to the tag check 
state TGCH to be described neXt in the case of mishit. The 
tag check state TGCH is a state in Which the comparators 341 
and 342 compare the tags and the addresses, Which are 
temporarily stored in the tag buffers 351 and 352 With the 
address signal AD temporarily stored in the address input 
buffer 40 and the tag, Which is a portion of the address signal 
AD, supply an information corresponding to the tag or the 
address to the processor 21 in the case of hit in any of the 
comparators 34 and is shifted to the cache ?ll state FILL to 
be described later in the case of mishit. 
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[0062] The cache ?ll state FILL is a state in Which, in the 
case of mishit, an access to an information to Which an 

access is requested by the processor 21 is requested by 
generating an address by the address generator circuit 33 on 
the basis of the address signal AD supplied from the pro 
cessor 21 and supplying the this generated address to the bus 
control unit 23, the information supplied from the bus 
control unit 23 is temporarily stored in the information 
buffers 421 to 42 4 and stored in the cache memory 31 and the 
header address of the line to Which the same information 
belongs is temporarily stored in the backup buffer 39. Since, 
therefore, the information temporarily stored in the infor 
mation buffers 421 to 42 4 correspond to the addresses tem 
porarily stored in the backup buffer 39, in the case of hit in 
the comparator 3410, there is no need of reading the infor 
mation corresponding thereto and it can be read out directly 
from the information buffers 421 to 424. Consequently, it 
becomes possible to reduce the access frequency to the 
cache memory 31 to thereby reduce the poWer consumption. 

[0063] The tag control includes a tag read state TGRD, a 
neXt tag read state NTRD and a LRU information Write state 
LRWT. In the tag read state TGRD, tags are read out from 
the tag memories 321 and 322 and temporarily stored in the 
tag buffers 351 and 352, in the case of mishit. In the neXt tag 
read state NTRD, the indeX value of the current address 
signal AD temporarily stored in the address input buffer 40 
is incremented by +1 by the incrementer 47, the neXt tag 
NTG is preliminarily read out from the tag memories 321 
and 322 on the basis of this neW address and temporarily 
stored in the neXt buffers 361 and 362, a tag Which is a 
portion of the current address signal AD temporarily stored 
in the address input buffer 40 is temporarily stored in one of 
the branch buffers 371 to 374 When there is no continuous 
access request of information from the processor 21, other 
Wise, the tag is temporarily stored in the last buffer 38. In the 
LRU information Write state LRWT, the LRU control por 
tion 48 updates the LRU information stored in the LRU 
memory 48a on the basis of the hit information supplied 
from the comparators 341 to 3410. 

[0064] In this embodiment, there are three processing 
basically and these processing Will be described With refer 
ence to a ?oWchart shoWn in FIG. 4. 

[0065] A ?rst processing is composed of a cache control 
How including the steps SP1, SP2, SP4 and SP6 and a tag 
control How including the steps SP7, SP8 and SP9 Which are 
performed in parallel to the cache control ?oW. In the cache 
control, the state is shifted from the idle state IDLE through 
the buffer check state BFCH (SP1, SP2, SP4) to the cache ?ll 
state FILL (SP6) and, in the tag control, from the tag read 
state TGRD (SP7) through the neXt tag read state NTRD 
(SP8) to the LRU information Write state LRWT (SP9). The 
tag check state TGCH is processed in parallel to the neXt tag 
read state NTRD and the cache ?ll state FILL is processed 
in parallel to the LRU information Write state LRWT. Such 
processing is performed in order to perform the cache ?ll in 
a case Where an information access-requested by the pro 
cessor 21 is not stored in the cache memory 31 and an 
address signal AD supplied from the processor 21 or a tag 
Which is a portion of the address signal AD is not stored in 
any of the neXt buffers 361 and 362, the branch buffers 371 
to 374, the last buffer 38, the backup buffer 39 and the tag 
memories 321 and 322. In such case, When the state is 
changed from the buffer check state BFCH to the tag check 
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state TGCH in the cache control, the tag read state TGRD is 
activated in the tag control and, thereafter, the neXt tag read 
state NTRD and the LRU information Write state LRWT are 
activated sequentially every cycle. 

[0066] The second processing is composed of the cache 
control How including the steps SP1, SP2, SP4 and SP5 and 
the tag control How in parallel to the cache control How and 
including the steps SP7, SP8 and SP9. In the cache control, 
the state is shifted from the idle state IDLE through the 
buffer check state BFCH to the tag check state TGCH and, 
in the tag control, from the tag read state TGRD through the 
neXt tag read state NTRD to the LRU information Write state 
LRWT. The tag check state TGCH is processed in parallel to 
the neXt tag read state NTRD. The buffer check state BFCH 
related to the information access-requested neXt by the 
processor 21 is processed in parallel to the LRU information 
Write state LRWT. Such processing is performed in a case 
Where an information access-requested by the processor 21 
is stored in the cache memory 31 and an address signal AD 
supplied from the processor 21 or a tag Which is a portion of 
the address signalAD is stored not in any of the neXt buffers 
36, and 362, the branch buffers 371 to 374, the last buffer 38, 
the backup buffer 39 and the tag memories 321 and 322 but 
in the tag memory 321 or 322. In such case, When the state 
is changed from the buffer check state BFCH to the tag 
check state TGCH in the cache control, the tag read state 
TGRD is activated in the tag control and, thereafter, the neXt 
tag read state NTRD and the LRU information Write state 
LRWT are activated sequentially every cycle. 

[0067] The third processing is composed of a cache con 
trol ?oW including the steps SP1, SP2 and SP3 and a tag 
control How including the steps SP8 and SP9 subsequent to 
the cache control ?oW. In the cache control, the state is 
shifted from the idle state IDLE to the buffer check state 
BFCH and, in the tag control, from the neXt tag read state 
NTRD to the LRU information Write state LRWT. Such 
processing is performed in a case Where an information 
access-requested by the processor 21 is stored in the cache 
memory 31 and an address signal AD supplied from the 
processor 21 or a tag Which is a portion of the address signal 
AD is stored in any of the neXt buffers 361 and 362, the 
branch buffers 371 to 374, the last buffer 38, the backup 
buffer 39 and the tag memories 321 and 322. In such case, it 
becomes possible to request an access and supply a corre 
sponding information Within one clock to thereby increase a 
response speed to the access request from the processor 21, 
compared With the conventional system. 

[0068] NoW, an operation of the cache memory control 
device Will be described With reference to the ?oWchart 
shoWn in FIG. 4. First, as the cache control, it is determined 
after the idle state IDLE, Whether or not there is an access 
request from the processor 21 (step SP1). If NO, the opera 
tion is returned to the idle state IDLE. If YES, that is, there 
is an access request from the processor 21, the operation is 
shifted to the buffer check state BFCH. 

[0069] In the buffer check state BFCH, the comparators 
341 to 3410, compare the address or tag temporarily stored in 
any of the neXt buffers 361 and 362, the branch buffers 371 
to 374, the last buffer 38 and the backup buffer 39 With an 
address signal AD supplied from the processor 21 or a tag 
Which is a portion of the address signal AD to determine 
Whether or not a hit information is output from any one of 
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the comparators 34 (step SP2). If YES, the selector 45 
selects the information read out from the cache memory 31 
and supplies it to the processor 21 as an information signal 
DT (step SP3). Thereafter, the operation is returned to the 
step SP1 for the cache control and, simultaneously there 
With, the neXt tag read state NTRD is activated for the tag 
control (SP8). 

[0070] Thus, in the step SP8, the incrementer 47 incre 
ments the indeX value of the current address signal AD 
temporarily stored in the address input buffer 40 by +1 and 
a neXt tag NTG is read out from the tag memories 321 and 
322 on the basis of the resulting neW address and temporarily 
stored in the neXt buffers 361 and 362. In this case, When 
there is no continuous access request of information from 
the processor 21, a tag Which is a portion of the current 
address signal AD temporarily stored in the address input 
buffer 40 is temporarily stored in any one of the branch 
buffers 371 to 374, otherWise, it is temporarily stored in the 
last buffer 38 as a last tag LTG (step SP8). Further, in the 
LRU information Write state LRWT (SP9), the LRU control 
portion 48 updates the LRU information stored in the LRU 
memory 48a on the basis of the hit information supplied 
from the comparators 341 to 3410. Thereafter, the operation 
is returned to the step SP1 for the tag control. The above 
mentioned operation is the third processing. 

[0071] On the other hand, When the determination in the 
step SP2 indicates “NO”, that is, When the address signalAD 
supplied from the processor 21 or a tag Which is a portion of 
the address signal AD, is not stored in any of the neXt buffers 
361 and 362, the branch buffers 371 to 374, the last buffer 38 
and the backup buffer 39, shoWn in FIG. 1, the operation is 
shifted to the tag check state TGCH for the cache control and 
the tag read state TGRD is activated for the tag control. 

[0072] Thus, the comparators 341 and 342 compare the 
tags temporarily stored in the tag buffers 351 and 352 With 
the tag Which is a portion of the address signal AD tempo 
rarily stored in the address input buffer 40, respectively, to 
determine Whether a hit information is output (step SP4). If 
YES, the selector 45 selects the information read out from 
the cache memory 31 and supplies it to the processor 21 as 
the information signal DT (step SP5). The above mentioned 
operation is performed in the tag check state TGCH. There 
after, the operation is returned to the step SP1 for the cache 
control. 

[0073] In parallel to this operation, the tags are read out 
from the tag memories 321 and 322 and, after the tags are 
temporarily stored in the tag buffers 351 and 352, respec 
tively, in the tag read state TGRD (step SP7), the incre 
menter 47 increments the indeX value of the current address 
signal AD temporarily stored in the address input buffer 40 
by +1 and the neXt tag NTG is read out from the tag 
memories 321 and 322 and temporarily stored in the neXt 
buffers 361 and 362, respectively. When there is no continu 
ous access request from the processor 21, the tag Which is a 
portion of the current address signal AD temporarily stored 
in the address input buffer 40 is temporarily stored in any 
one of the branch buffers 371 to 374, otherWise, stored in the 
last buffer 38 as the last tag LTG, in the neXt tag read state 
NTRD (step SP8). Further, in the LRU control portion 48, 
the LRU information stored in the LRU memory 48a is 
updated on the basis of the hit information supplied from the 
comparators 341 to 3410, in the LRU information Write state 
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LRWT (step SP9). Thereafter, the operation is returned to 
the step SP1 for the tag control. The above processing is the 
second processing. 

[0074] On the other hand, if the determination made in the 
step SP4 is NO, that is, When no hit information is output 
from the comparators 341 to 342 as a result of comparison of 
the tags temporarily stored in the tag buffers 351 and 352 
With a tag Which is a portion of the address signal AD 
temporarily stored in the address input buffer 40, the opera 
tion is shifted to the cache ?ll state FILL for the cache 
control. Thus, an access request for the information accessed 
from the processor 21 is made to the bus control unit 23 and, 
When the same information is supplied from the bus control 
unit 23, the same information is temporarily stored in the 
information buffers 421 to 424. Simultaneously thereWith, 
the same information is stored in the cache memory 31 and 
an address of the header of the line belonging to the same 
information is temporarily stored in the backup buffer 39 
(step SP6). Thereafter, the operation is returned to the step 
SP1 for the cache control. Since the tag control is performed 
in the same manner as that of the second processing, details 
thereof is omitted. The above mentioned operation is the ?rst 
processing. 
[0075] An operation timing of the cache memory control 
device Will be described With reference to timing charts 
shoWn in FIGS. 5 and 6. 

[0076] First, the ?rst processing mentioned above Will be 
described With reference to the timing chart shoWn in FIG. 
5. 

[0077] In the cache control, an address signal AD having 
a value “0X 0001” (see FIG. 5(7)) is supplied from the 
processor 21 to the cache memory control device 22 in 
synchronism With an access request signal RQ (see FIG. 
5(8)) to activate the buffer check state BFCH in a ?rst cycle. 
HoWever, since it becomes mishit (see FIG. 5(3)), the tag 
read state TGRD is activated for the tag control (see FIG. 
5(2)). In a second cycle of the cache control, the operation 
is shifted to the tag check state TGCH. Since this becomes 
mishit (see FIG. 5(3)), the operation is shifted to the neXt tag 
read state NTRD (see FIG. 5(2)). In this case, the value “0X 
0001” of the address signal AD supplied from the processor 
21 is temporarily stored in the address input buffer 40 (see 
FIG. 5(12)). 

[0078] In a third cycle for the cache control, the operation 
is shifted to the cache ?ll state FILL in Which the address 
generator 33 generates values corresponding to four 
addresses having values starting from the value “0X . . . 

0000” of the header address of a line belonging to the 
information having a value “0X 0001” of the address signal 
AD, by incrementing the value every cycle on the basis of 
the value “0X 0001” of the address signal AD supplied from 
the processor 21. These address values are temporarily 
stored in the address output buffer 41 and, then, are supplied 
to the bus control unit 23 (see FIG. 5(13)) as an address 
signal BAD, in synchronism With the access request signal 
BRQ (see FIG. 5(14)). Thus, after substantially a half cycle 
from the start of the third cycle, an acknowledge signal BAK 
indicative of reception of the address signal BAD from the 
bus control unit 23 is supplied to the cache memory control 
device 22 (see FIG. 5(15)). On the other hand, in the tag 
control, the operation is shifted from the neXt tag read state 
NTRD to the LRU information Write state LRWT (see FIG. 
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5(2)). In this case, a tag of a line (index number “01”) next 
to the line (index number “00”) to Which the information 
having the address value “0x 0001” belongs is temporarily 
stored in the next buffer 361 or 362 as the next tag NTG (see 
FIG. 5(4)) and the tag, Which is temporarily stored in the 
address input buffer 40 and is a portion of the current address 
signal AD, is temporarily stored in the last buffer 38 as the 
last tag LTG (see FIG. 5(5)), since the discontinuous access 
signal TF is not active (see FIG. 5(9)). 

[0079] In the fourth to eighth cycles for the cache control, 
the bus control unit 23 still in the cache ?ll state FILL reads 
out from the main memory device 25 an information INFO 
to INF3 corresponding to one line access-requested by the 
cache memory control device 22 through the system bus 24 
and, then, supplies the information INFO to INF3 to the 
cache memory control device 22 every cycle as an infor 
mation signal BDT in synchronism With a ready signal BRY 
(see FIG. 5(16)) indicative of read-out of the information 
from the main memory device 25. These information INFO 
to INF3 are stored sequentially in the information buffers 
421 to 424 (see FIGS. 5(17) to 5(20)). Further, in the ?fth to 
eighth cycles, the address generator circuit 33 generates four 
address values ADDO to ADD3 from the value of a header 
address of a line belonging to the information INF1 having 
a value “0x 0001” of the address signal AD, Which is to be 
stored in the cache memory 31, by incrementing it every 
cycle on the basis of the value “0x 0001” of the address 
signal AD supplied from the processor 21. The address 
values ADDO to ADD3 are supplied to the cache memory 31 
through the selector 43 as the address signal CAD. Further, 
the information INFO to INF3 corresponding to these 
address values ADDO to ADD3 are read out sequentially 
from the information buffers 421 to 424, supplied to the 
cache memory 31 through the selector 44 as the information 
signal CDT and stored therein (see FIG. 5(22)). 

[0080] In the ninth cycle for the cache control, When an 
address signalAD having a value “0x 0001” is supplied from 
the processor 21 again (see FIG. 5(7)), the buffer check state 
BFCH is activated again. Since, hoWever, the cache ?ll state 
has been activated up to the eighth cycle in this case, a value 
“0x . . . 0000” of the header address of the line, to Which the 

information of the value “0x . . . 0001” of the address signal 

AD belongs, is generated by the address generator circuit 33 
in the cache ?ll state on the basis of the address signal AD 
having the value “0x 0001” supplied from the processor 21 
is temporarily stored in the backup buffer 39 at a time When 
the cache ?ll state ends (see FIG. 5(6)). Therefore, there is 
a hit in the comparator 3410 (see FIG. 5(3)). Thus, the cache 
memory control device 22 reads out the access-requested 
information INF1 directly from the information buffer 422 
and supplies it to the processor 21 through the selector 45 as 
the information signal DT in synchronism With the acknoWl 
edge signal AK (see FIG. 5(10)) indicative of the hit (see 
FIG. 5(11)). Since the tenth and eleventh cycles are the same 
as the ninth cycle except that the value of the address signal 
AD supplied from the processor 21 is updated by 1 (see FIG. 
5(7)), details thereof are omitted. Further, since the third 
processing is the same as the ninth and eleventh cycles 
except that the information is read out from the cache 
memory 31 When the information is not stored in the 
information buffers 421 to 424, details thereof are omitted. 

[0081] NoW, the second processing Will be described With 
reference to a timing chart shoWn in FIG. 6. 
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[0082] In the ?rst cycle for the cache control, an address 
signal AD having a value “0x 0000” is supplied from the 
processor 21 (see FIG. 6(7)) in synchronism With the access 
request signal RQ (see FIG. 6(8)). Since an access to an 
information stored in the memory region, Which is discon 
tinuous With respect to the information access-requested in 
the preceding cycle, is requested, an active discontinuous 
access signal TF indicative of the fact has been supplied 
from the processor 21 to the cache memory control device 
22 (see FIG. 6(9)). Therefore, the buffer check state BFCH 
is activated. HoWever, since it becomes mishit (see FIG. 
6(3)), the tag read state TGRD is activated for the tag control 
(see FIG. 6(2)). 
[0083] In the second to ?fth cycles, the operation is shifted 
to the tag check state TGCH for the cache control. A tag 
corresponding to the address signal AD having a value “0x 
0000” is read out from the tag memories 321 and 322 and 
temporarily stored in the tag buffers 351 and 352 in the cache 
control. Therefore, there are hits in the comparators 341 and 
342 (see FIG. 6(3)). Thus, When the address signal AD 
having a value incremented from “0x . . . 0000” by 1 every 

cycle is supplied from the processor 21 to the cache memory 
control device (see FIG. 6(7)), the address signals AD 
having such values directly become values ADDO to ADD3 
corresponding to 4 addresses of the information to be read 
out from the cache memory 31 (see FIG. 6(13)) and 
supplied to the cache memory 31 through the selector 43 as 
the address signal DAD (see FIG. 6(13)). Therefore, the 
information INFO to INF3 corresponding to the respective 
address values ADDO to ADD3 are read out sequentially 
from the cache memory 31 (see FIG. 6(14)) and the access 
requested information INFO to INF3 are sequentially sup 
plied to the processor 21 as the information signal DT in 
synchronism With the acknowledge signal AK (see FIG. 
6(10)) indicative of the hit (see FIG. 6(11)). Incidentally, in 
the third and subsequent cycles, for the cache control, the 
operation is shifted to the buffer check state BFCH. HoW 
ever, since the tag (index number “00”) is temporarily stored 
in the branch buffer 371 as the branch tag BTG in the third 
cycle, as to be described later (see FIG. 6(6)), there is a hit 
in the comparator 345 (see FIG. 6(3)). 

[0084] In the second cycle, for the tag control, the opera 
tion is shifted to the next tag read state NTRD (see FIG. 
6(2)). In this case, the value “0x 0000” of the address signal 
AD supplied from the processor 21 is temporarily stored in 
the address input buffer 40 (see FIG. 6(12)). In the third 
cycle, for the tag control, the operation is shifted from the 
next tag read state NTRD to the LRU information Write state 
LRWT (see FIG. 6(2)). In this case, a tag of a line (index 
number “01”) next to the line (index number “00”) to Which 
the information having address value “0x . . . 0000” belongs 

is temporarily stored in the next buffer 361 or 362 as the next 
tag NTG (see FIG. 6(4)) and a tag (index number “00”) 
Which is a portion of the current address signal AD tempo 
rarily stored in the address input buffer 40 is temporarily 
stored in the branch buffer 37, as the branch tag BTG (see 
FIG. 6(6)) since the discontinuous access signal TF is active 
(see FIG. 6(9)). 
[0085] Regarding to the cache control, the sixth to ninth 
cycles are the same as the third to ?fth cycles except that the 
information sequentially read out from the cache memory 31 
is information INF4 to INF7 constituting a line next to the 
line constituted by the INFO to INF3 and the value of the 
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address signal AD supplied from the processor 21 corre 
spondingly thereto is updated by one every time. Therefore, 
detailed explanation thereof is omitted. In the seventh cycle, 
for the tag control, the operation is shifted to the next tag 
read state NTRD (see FIG. 6(2)). In this case, a value “0x 
0100” of the address signal AD supplied from the processor 
21 is temporarily stored in the address input buffer 40 (see 
FIG. 6(12)). In the eighth cycle, for the tag control, the 
operation is shifted from the next tag read state NTRD to the 
LRU information Write state LRWT (see FIG. 6(2)). In this 
case, a tag of a line (index number “02”) next to the line 
(index number “01”) to Which the information having an 
address value “0x 0100” belongs is temporarily stored in the 
next buffer 361 or 362 as the next tag NTG (see FIG. 6(4)) 
and the tag (index number “01”) Which is a portion of the 
current address signal AD temporarily stored in the address 
input buffer 40 is temporarily stored in the last buffer 38 as 
the last tag LTG (see FIG. 6(5)) since the discontinuous 
access signal TF is not active (see FIG. 6(9)). 

[0086] In the tenth cycle, an address signal AD having a 
value “0x 0010” is supplied from the processor 21 to the 
cache memory control device 22 (see FIG. 6(7)). Since the 
value “0x 0010” of this address signal AD is discontinuous 
With respect to the value “0x 0111” of the address signal AD 
supplied in the ninth cycle, an active discontinuous access 
signal TF indicative of the fact is supplied from the proces 
sor 21 to the cache memory control device 22 (see FIG. 
6(9)). Since, in the cache control, the tag (index number 
“00”) is temporarily stored in the branch buffer 371 as the 
branch tag BTGO in the third cycle (see FIG. 6(6)), there is 
a hit in the comparator 345 (see FIG. 6(3)). Since other 
processing than this is the same as that subsequent to the 
third cycle, details thereof are omitted. 

[0087] Regarding to the cache control, the processing in 
the eleventh and tWelfth cycles is similar to that in the above 
mentioned tenth cycle. Regarding to the tag control, the 
operation is shifted to the next tag read state NTRD (see 
FIG. 6(2)) in the eleventh cycle, the index value “01” of the 
current address signal AD stored temporarily in the address 
input buffer 40 is incremented by +1 by the incrementer 47 
to provide a neW address and a neW tag (index number “02”) 
is read out from the tag memories 321 and 322 on the basis 
of the neW address. Since, hoWever, the tag having index 
number “02” is temporarily stored currently in the next 
buffer 361 or 362 as the next tag NTG (see FIG. 6(4)), the 
index value “02” of the current next tag NTG is incremented 
by +1 by the incrementer 47 to provide a neW address and 
a neW tag (index number “03”) is read out from the tag 
memories 321 and 322 on the basis of the neW address. In this 
case, the value “0x 0010” of the address signal AD supplied 
from the processor 21 is temporarily stored in the address 
input buffer 40 (see FIG. 6(12)). Further, in the tWelfth 
cycle, the operation is shifted to the LRU information Write 
state LRWT (see FIG. 6(2)). In this case, a tag having index 
number “03” read out from the tag memories 321 and 322 in 
the eleventh cycle is temporarily stored in the next buffers 
361 and 362 as the next tag NTG (see FIG. 6(4)) and a tag 
(index number “00”) Which is a portion of the current 
address signal AD temporarily stored in the address input 
buffer 40 is temporarily stored in the branch buffer 372 as the 
branch tag BTG1 (see FIG. 6(6)) since the active discon 
tinuous access signal TF is supplied in the tenth cycle (see 
FIG. 6(9)). 

[0088] As described, according to this embodiment, the 
cache control and the tag control can be processed indepen 
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dently in parallel. Therefore, it is possible to process the 
response to the access request from the processor 21 at 
higher speed compared With the conventional case. Particu 
larly, in the third processing, that is, When there are succes 
sive hits, it becomes possible to supply information corre 
sponding to an access request from the processor 21 Within 
one clock as shoWn by the ninth to eleventh cycles shoWn in 
FIG. 5, resulting in the response processing at higher speed. 

[0089] Further, according to this embodiment, in the case 
of mishit, the cache memory 31 is not accessed till cache ?ll. 
Therefore, it is possible to reduce poWer consumption com 
pared With the conventional system in Which the cache 
memory is accessed regardless of hit or mishit. Particularly, 
the information acquired from the main memory device 25 
is temporarily stored in the information buffers 421 to 424 
immediately after the cache ?ll. Therefore, a desired infor 
mation is directly supplied from the information buffers 421 
to 424 to the processor 21 Without access to the cache 
memory 31, so that poWer consumption can be reduced 
correspondingly thereto and the response speed can be 
increased. 

[0090] Further, according to this embodiment, tags and/or 
addresses the possibility of access request to Which is high 
are preliminarily stored in the respective buffers 351, 352, 
364, 362, 371 to 374 and 38 to 40. Therefore, it is possible to 
reduce the number of accesses to the tag memories 351 and 
352 correspondingly thereto to thereby reduce poWer con 
sumption and increase the response speed. 

[0091] Further, according to this embodiment, the branch 
buffers 371 to 374 are provided so that tags are held therein 
in the case of discontinuous access. Therefore, it is possible 
to reduce the probability of mishit and to reduce the number 
of accesses to the tag memories 351 and 352, correspond 
ingly. Thus, it is possible to reduce poWer consumption and 
to increase the response speed. 

[0092] FIG. 7 shoWs a portion of a program having a 
multiple loop, as an example of the discontinuous access. In 
FIG. 7, the program has a quadruple loop. If there is an 
access request from the processor 21 in a state Where the 
cache memory 31 does not store any information about the 
program, instruction codes A to E have to be cache-?lled. 
Therefore, the tag memories 351 and 352 are continuously 
accessed, so that poWer consumption is large. As to the 
instruction code E, hoWever, the tag memories 351 and 352 
are not accessed during a time for Which the loops from the 
instruction code D to the instruction code E are processed 
and there is no poWer consumption, provided that a corre 
sponding tag is held in the branch buffer 371 (see FIG. 8(1)). 
Similarly, as to the instruction codes F to H, the tag 
memories 351 and 352 are accessed for initial processing 
times of the respective loops With poWer consumption, While 
these tag memories are not accessed during other time and 
there is no poWer consumption, provided that corresponding 
tags are held in the branch buffers 371 to 374 (see FIG. 8(1)). 
Contrary to this, since in the conventional system, there is no 
measure provided for the discontinuous access, the tag 
memories are continuously accessed and poWer is continu 
ously consumed (see FIG. 8(2)). 
[0093] Although the embodiment of the present invention 
has been described in detail With reference to the draWings, 
the construction of the present invention is not limited 
thereto and various modi?cations thereof can be made 
Within the scope of the present invention de?ned in the 
appended claims. 
[0094] For example, although the set associative method 
in Which the main memory and the cache memory are 










