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(57) ABSTRACT 
A storage means control apparatus of this invention includes 
a ?rst processing unit for performing Write processing in a 
?rst storage unit, a second processing unit for performing 
Write processing in a second storage unit, a revealing data 
control unit for managing revealing data representing stor 
age areas Where the ?rst processing unit has performed Write 
processing in the ?rst storage unit (101), another revealing 
data control unit for managing another revealing data rep 
resenting storage areas Where the second processing unit has 
performed Write processing in the second storage unit, a 
priority data control unit for managing priority data repre 
senting a priority of each of the ?rst and second processing 
units in units of storage areas of the second storage unit, a 
inhibition data control unit for managing inhibition data for 
inhibiting Write processing in each storage area of the 
second storage unit using the priority data and the revealing 
data, and a processing data re?ection unit for Writing the 
data Written in the ?rst storage unit (101) in the second 
storage unit on the basis of the inhibition data. With this 
arrangement, When each Write control unit in a plurality of 

(30) Foreign Application Priority Data processing units performs Write processing in the storage 
unit of the self processing unit, matching of stored contents 

Jul. 16, 1996 (JP) ..................................... .. 186187/1996 among the units can be ensured. 
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METHOD AND APPARATUS FOR CONTROLLING 
STORAGE MEANS IN INFORMATION 

PROCESSING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method and 
apparatus for controlling a storage means and, more par 
ticularly, to a method and apparatus for controlling Write 
processing When a plurality of processing means parallelly 
generate Write requests. 

[0002] In a recent communication system of an ATM 
(Asynchronous Transfer Mode) or the like, a plurality of 
data processing means such as processors perform various 
processing operations using eXternal or internal storage 
units. 

[0003] In such a system, it is important to keep matching 
of data among the storage units With contents related to each 
other When the plurality of processors parallelly issue 
requests for Write processing in the storage units. In addi 
tion, When the plurality of data processing means are to 
almost simultaneously use stored data related to each other, 
use priorities of the data processing means must be taken 
into consideration, or matching of data along the time aXis 
must be ensured. That is, When a plurality of Write requests 
are generated, the latest data must alWays be preferentially 
overWritten. 

[0004] A general parallel Write control method by a plu 
rality of data processing means for a plurality of storage 
units Will be described beloW by Way of some examples. 

[0005] Assume counter values “0” to “3” described in 
tables corresponding to identi?ers included in headers of 
communication cells such as ATM cells. For the descriptive 
convenience, one identi?er is assumed to correspond to an 
indeX for referring to a table. The entity of this table is stored 
in a main storage unit outside the communication apparatus. 

[0006] Every time a cell having an identi?er Which has not 
been used for internal processing yet is received by the 
communication apparatus at a predetermined period (period 
shorter than the long processing period on the host side), a 
duplicate of data stored in the main storage unit With an 
indeX corresponding to the identi?er is stored in a storage 
unit in the communication apparatus and, more speci?cally, 
a cache memory. Upon completion of processing of a cell 
having the same identi?er, the content Written in the cache 
memory is reWritten in the main storage unit. 

[0007] On the host side outside the communication appa 
ratus, a second data processing means increments the 
counter values of the tables corresponding to all indices in 
the main storage unit by one at a predetermined period (long 
period). In the communication apparatus, every time a cell 
is received, a ?rst data processing means loads a table 
corresponding to the identi?er from indeX data in the cache 
memory and initialiZes the counter value to “0”, thereby 
re?ecting the data in the main storage unit on the cache 
memory. 

[0008] The second data processing means independently 
performs Write processing in the main storage unit. The ?rst 
data processing means independently performs processing 
for the cache memory. Therefore, unless stored data having 
the same indeX are Written in overlapping time periods, 
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matching of these stored data is not degraded by Write 
processing in the main storage unit and the cache memory. 

[0009] HoWever, the main storage unit and the cache 
memory have the relationship betWeen an entity and a 
duplicate. When stored data having the same indeX are 
independently Written in the main storage unit and the cache 
memory in overlapping time periods, matching of these 
stored data may be degraded in reWrite processing of the 
contents stored in the cache memory in the main storage 
unit. 

[0010] Assume that the counter value of the table is “1”, 
and the second data processing means increments the 
counter value to “2”. The second data processing means 
refers to the table in the main storage unit to increment the 
counter value of the table. At this time point, the counter 
value of the table is still “1”. The second data processing 
means loads the counter value “1”, increments the counter 
value by one, and Writes “2” in the table of the main storage 
unit. 

[0011] In some cases, communication cells having iden 
ti?ers representing the same indeX are received by the 
communication apparatus While the second data processing 
means loads the table and reWrites the counter value. If the 
?rst data processing means has initialiZed the counter value 
to “0”, the counter value “2” reWritten by the second data 
processing means is based on the counter value “1”, i.e., old 
data before processing by the ?rst data processing means. 
For this reason, the second data processing means over 
Writes the counter value “2”, although the counter value “1” 
obtained by incrementing the initialiZed counter value “0” 
by one is supposed to be reWritten, thus degrading the 
matching. 

[0012] Such mismatching of stored data among the plu 
rality of storage units results from the fact that the data 
processing means for independently performing processing 
for the storage units cannot perform real-time processing. 
Therefore, When the stored data are to be parallelly pro 
cessed in almost overlapping time periods by a plurality of 
factors, the problem of mismatching cannot be avoided. 

[0013] Conventionally, to maintain matching of stored 
data, tWo or more data processing means sequentially per 
form Write processing in the corresponding storage units 
such that the processing periods of the data processing 
means do not overlap. When a certain data processing means 
is performing processing including Write processing in the 
storage unit in the same processing block, and another 
independent data processing means is to perform processing 
including Write processing in the storage unit in the self 
processing block, less urgent processing must Wait until 
more urgent processing is ended. 

[0014] More speci?cally, assume that the second data 
processing means for incrementing the counter by one and 
the ?rst data processing means for initialiZing the counter 
value to “0” are to perform processing of table data corre 
sponding to the same indeX in overlapping periods. Even 
When the data processing means has already started a series 
of processing operations from counter value load processing 
to counter value reWrite processing in the counter, process 
ing performed by the second data processing means so far is 
canceled When the ?rst data processing means having a high 
urgency level generates a request for loading the same indeX. 
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After the counter value is initialized to “0” by the ?rst data 
processing means, the second data processing means loads 
the counter value again, increments the counter value by 
one, and reWrites the counter-value “1”. 

[0015] TWo conventional techniques are used to ensure 
matching of stored data. One is called an updating scheme. 
When data is Written in a certain storage means on the 
duplicate side, data in all the remaining storage means on the 
duplicate side and all storage means on the entity side are 
updated to the reWritten data. 

[0016] The other technique is called an invalid scheme. 
When data is Written in a certain storage means on the 
duplicate side, all the remaining storage means and all 
storage means on the entity side are noti?ed of the address 
data of this storage area. With this processing, it is noti?ed 
that data Which has already been Written in the storage area 
at the address is not the latest data, thus invalid the data in 
the remaining storage means. 

[0017] In the updating scheme, When one data processing 
means has Written data in the storage area of a storage means 
in the same processing block, other data processing means 
Which are going to Write data in the same storage area cancel 
all processing operations. Processing in the storage means in 
the self processing block must be uselessly performed later 
again from the beginning. 

[0018] In the invalid scheme as Well, if data stored in the 
storage subjected to Write processing or reference is invali 
dated, data in the storage area must be read out again to 
perform processing again from the beginning. 

[0019] In both the above schema, Write processing in the 
same storage area must be sequentially performed. 

[0020] Conventionally, to protect matching of stored data, 
When tWo or more data processing means are to Write data 

in the same storage area, processing of each data processing 
means must be sequentially performed. 

[0021] HoWever, When data stored in the same storage 
area is to be continuously used for a long time by a data 
processing means Which has a high urgency level and has 
started processing ?rst, a data processing means Which has 
a loW urgency level and therefore must perform processing 
later Waits for its processing. In some cases, the data 
processing means With the high urgency level cannot com 
plete processing Within a predetermined time period When 
the data processing means With the loW urgency level must 
perform processing. 
[0022] The above-described counter in the communication 
table Will be considered. While cells having the same indeX 
are continuously processed through a pipeline, the ?rst data 
processing means continuously performs processing using 
stored data corresponding to the indeX. In this case, the 
second data processing means Waits for processing. In some 
cases, the ?rst data processing means cannot complete 
processing Within the time limit that the second data pro 
cessing means must complete processing. 

[0023] Conventionally, although data Written on the dupli 
cate side is Written on the entity side, data neWly Written on 
the entity side is not re?ected on the duplicate side. 

[0024] For eXample, When the ?rst data processing means 
has Written data in the above-described table of the cache 
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memory in Which the counter value is stored, the data can be 
re?ected in reWriting the stored data from the cache memory 
side to the main storage unit side. HoWever, in the prior art, 
data Written by the second data processing means in the main 
storage unit is not re?ected on the cache memory side Where 
the data has already been cached. This causes the folloWing 
disadvantages. 
[0025] When cells With the same indeX data continuously 
eXist at least in the pipeline, stored data Which has been load 
once is continuously used Without being neWly read out 
from the main storage unit, thereby increasing the cache 
ef?ciency. Assume that a cache memory holding stored data 
corresponding to a certain indeX is continuously used for a 
long time. Even When the second data processing means 
performs processing during this period, reWrite of the stored 
data corresponding to the indeX is not re?ected on the cache 
memory side. Therefore, the ?rst data processing means 
performs processing by continuously using old stored data 
Which has not been reWritten by the second data processing 
means. 

[0026] In a communication control apparatus such as an 
ATM sWitching system Whose development is in progress, 
processing associated With a cell is performed using an 
internal cache memory, and processing for the maintenance/ 
operation of all lines is often performed using a main storage 
unit. In this situation, if the capacity of the storage area of 
the cache memory is increased to improve the cache ef? 
ciency, data for one line may be kept cached for a long time. 
Assuming that the contents Which have been reWritten in the 
main storage unit are not re?ected on the already cached 
stored data, as in the prior art, if line data is frequently used 
for cell processing, processing for the maintenance/opera 
tion of cache lines degrades matching of stored data in the 
cache memory Which is performing cell processing. 

[0027] In addition, assume that When Write processing by 
a plurality of data processing means in the same storage area 
congest, processing is to be sequentially performed. If 
processing operations at short periods congest during a 
processing operation at a long period, the processing opera 
tion at the long period must Wait. HoWever, both the 
processing operations congest once or more at a long period, 
the processing operation at the long period is substantially 
disabled. 

[0028] Assume that, processing associated With a cell is 
performed using the internal cache memory, and processing 
for the maintenance/operation of all lines is performed using 
the main storage unit. In this case, if a large-scale line is set, 
the cell arrival frequency of this line becomes high. When a 
line ?oW 1/16 that of all lines is set for a line A, a cell arrives 
at the line A every a 16-cell period. If processing for the 
maintenance/operation of all lines takes a time correspond 
ing to the 16-cell period, a cell arrives at the line A at a very 
high probability for this 16-cell period, so the processing for 
the maintenance/operation of the line A is substantially 
disabled. This tendency becomes more conspicuous as the 
line ?oW increases, and the processing time for a long period 
increases. If the total line ?oW is substantially occupied by 
one line, maintenance/operation processing of lines is com 
pletely disabled. 

SUMMARY OF THE INVENTION 

[0029] It is an object of the present invention to provide a 
storage means control method and apparatus for alloWing 
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parallelly arranged data processing means for processing 
stored data to read/Write a plurality of stored data Without 
degrading matching among the stored data. 

[0030] According to the present invention, there is pro 
vided a storage means control method comprising the steps 
of causing ?rst processing means to perform Write process 
ing in ?rst storage means, causing revealing data control 
means to manage revealing data representing storage areas 
Where the ?rst processing means has performed Write pro 
cessing in the ?rst storage means, causing priority data 
control means to manage priority data representing a priority 
of Write processing of the ?rst processing means in units of 
storage areas of second storage means, causing inhibition 
data control means to generate and manage inhibition data 
for inhibiting Write processing in each storage area of the 
second storage means using the priority data stored in the 
priority data control means and the revealing data managed 
by the revealing data control means, and causing processing 
data re?ection means to re?ect the data Written in the ?rst 
storage means on the second storage means on the basis of 
the inhibition data managed by the inhibition data control 
means. 

[0031] According to the present invention, When different 
processing means are performing Write processing in corre 
sponding storage means in overlapping periods, data With a 
high priority can be re?ected on the data stored in the 
respective storage means. Therefore, the contents of all the 
storage means can be matched in accordance With the latest 
data. 

[0032] This method may further comprise the step of 
causing second processing means to perform Write process 
ing in second storage means. In addition, this method can 
also be applied even When the processing means and the 
storage means comprise ?rst to Nth processing means and 
?rst to Nth storage means, respectively. 

[0033] The method may further comprise the steps of 
changing With time at least one of the revealing data 
managed by the revealing data control means or the ?rst, 
second, . . . , Nth revealing data managed by the ?rst, 
second, . . . , Nth revealing data control means and the 

priority data managed by the priority data control means, 
and accordingly changing With time the inhibition data 
managed by the inhibition data control means. 

[0034] The step of re?ecting the data stored in the ?rst 
storage means on the data stored in the second storage means 
may be performed upon completion of processing by the 
?rst processing means. Alternatively, the step of re?ecting 
the data stored in the second, third, . . . , Nth storage means 

on the data stored in the ?rst storage means by the process 
ing data re?ection means may be performed upon comple 
tion of Write processing in the ?rst storage means by the ?rst 
processing means, the step of re?ecting the data stored in the 
?rst, third, . . . , Nth storage means on the data stored in the 

second storage means by the processing data re?ection 
means may be performed upon completion of Write process 
ing in the second storage means by the second processing 
means, and the step of re?ecting the data stored in the ?rst, 
second, . . . , (N-th) storage means on the data stored in the 

Nth storage means by the processing data re?ection means 
may be performed upon completion of Write processing in 
the Nth storage means by the Nth processing means. 

[0035] The method may further comprise the step of 
causing the revealing data control means to accumulate and 
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manage the ?rst, second, . . . , Nth revealing data obtained 

When the ?rst, second, . . . , Nth processing means perform 

processing in the ?rst, second, . . . , Nth storage means 

excluding Jth storage means, respectively, before Jth pro 
cessing means of the ?rst, second, . . . , Nth processing 

means completes processing in the Jth storage means. 

[0036] According to the present invention, there is also 
provided a storage means control apparatus comprising ?rst 
Write processing means for performing Write processing in 
?rst storage means, revealing data control means for man 
aging revealing data representing storage areas Where the 
?rst Write processing means has performed Write processing 
in the ?rst storage means, priority data control means for 
managing priority data representing a priority of Write 
processing of the ?rst Write processing means in units of 
storage areas of second storage means, inhibition data con 
trol means for generating and managing inhibition data for 
inhibiting Write processing in each storage area of the 
second storage means using the priority data managed by the 
priority data control means and the revealing data managed 
by the revealing data control means, and processing data 
re?ection means for Writing the data Written in the ?rst 
storage means in the second storage means on the basis of 
the inhibition data managed by the inhibition data control 
means. 

[0037] This arrangement can also be applied even When 
the processing means and the storage means comprise ?rst 
to Nth processing means and ?rst to Nth storage means, 
respectively. 

[0038] The apparatus may further comprise means for 
changing With time at least one of the revealing data 
managed by the revealing data control means or the ?rst, 
second, . . . , Nth revealing data managed by the ?rst, 
second, . . . , Nth revealing data control means and the 

priority data managed by the priority data control means. 
The inhibition data managed by the inhibition data control 
means may be accordingly changed With time, and the 
inhibition data may be changed along With a progress in 
processing by the processing means. 

[0039] Processing of re?ecting the data stored in the ?rst 
storage means on the data stored in the second storage means 
may be performed upon completion of processing by the 
?rst processing means. Alternatively, the processing data 
re?ection means may perform processing of re?ecting the 
data stored in the second, third, . . . , Nth storage means on 

the data stored in the ?rst storage means upon completion of 
Write processing in the ?rst storage means by the ?rst 
processing means, processing of re?ecting the data stored in 
the ?rst, third, . . . , Nth storage means on the data stored in 

the second storage means upon completion of Write pro 
cessing in the second storage means by the second process 
ing means, and processing of re?ecting the data stored in the 
?rst, second, . . . , (N-th) storage means on the data stored 

in the Nth storage means upon completion of Write process 
ing in the Nth storage means by the Nth processing means. 

[0040] The revealing data control means may accumulate 
and manage the ?rst, second, . . . , Nth revealing data 

obtained When the ?rst, second, . . . , Nth processing means 

perform processing in the ?rst, second, . . . , Nth storage 

means excluding Jth storage means, respectively, before Jth 
processing means of the ?rst, second, . . . , Nth processing 

means completes processing in the Jth storage means. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a block diagram showing the arrange 
ment of a storage means control apparatus according to an 
embodiment of the present invention; 

[0042] FIG. 2 is an explanatory vieW shoWing data man 
aged by processing unit 1 in an apparatus having three 
processing units so as to explain the embodiment in more 

detail; 

[0043] FIG. 3 is an explanatory vieW shoWing data man 
aged by processing unit 2 in the apparatus having three 
processing units so as to explain the embodiment in more 

detail; 

[0044] FIG. 4 is an explanatory vieW shoWing data man 
aged by processing unit 3 in the apparatus having three 
processing units so as to explain the embodiment in more 

detail; 

[0045] FIG. 5 is an explanatory vieW shoWing the con 
tents of processing data obtained by re?ecting data to each 
other in the apparatus having three processing units; 

[0046] FIG. 6 is an explanatory vieW shoWing storage 
areas Ato H of a storage means in the apparatus having three 
processing units; 

[0047] FIG. 7 is an explanatory shoWing data managed by 
processing unit 1 in an apparatus having tWo processing 
units so as to explain another embodiment of the present 
invention in detail; 

[0048] FIG. 8 is an explanatory shoWing data managed by 
processing unit 2 in the apparatus having tWo processing 
units; 

[0049] FIG. 9 is an explanatory vieW shoWing the con 
tents of processing data obtained by re?ecting data to each 
other in the apparatus having tWo processing units; 

[0050] FIG. 10 is an explanatory vieW shoWing a tech 
nique of re?ecting data to each other in an apparatus having 
three processing units With difference processing cycles; 

[0051] FIG. 11 is a block diagram shoWing the arrange 
ment of a storage means control apparatus according to still 
another embodiment of the present invention; 

[0052] FIG. 12 is a block diagram shoWing the arrange 
ment of a storage means control apparatus according to still 
another embodiment of the present invention; 

[0053] FIG. 13 is a block diagram shoWing the arrange 
ment of a storage means control apparatus according to still 
another embodiment of the present invention; 

[0054] FIG. 14 is a block diagram shoWing the arrange 
ment of a storage means control apparatus according to still 
another embodiment of the present invention; 

[0055] FIG. 15 is a block diagram shoWing the arrange 
ment of a storage means control apparatus according to still 
another embodiment of the present invention; and 

[0056] FIGS. 16A to 161 are explanatory vieWs shoWing 
the connection structure in a storage means control appara 
tus according to still another embodiment of the present 
invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0057] An embodiment of the present invention Will be 
described beloW With reference to the accompanying draW 
ings. 

[0058] FIG. 1 shoWs the arrangement of a storage means 
control apparatus according to this embodiment. Are?ection 
data side 100 has a processing data storage means 101 and 
a data processing means 102. The processing data storage 
means 101 corresponds to, e.g., a cache memory in a 
communication apparatus. 

[0059] A target re?ection data side 120 has a processing 
data storage means 103 and a data processing means 104. 
The processing data storage means 103 corresponds to, e.g., 
a main storage unit outside the communication apparatus. 

[0060] Processing data stored in the processing data stor 
age means 101 on the re?ection data side 100 is read or 
Written by the data processing means 102, and the result is 
Written in the contents of the processing data storage means 
101. 

[0061] Processing data stored in the processing data stor 
age means 103 on the target re?ection data side 120 is read 
or Written by the data processing means 104, and the result 
is Written in the contents of the processing data storage 
means 103. 

[0062] Write processing by the data processing means 102 
in the processing data storage means 101 on the re?ection 
data side 100, and Write processing by the data processing 
means 104 in the processing data storage means 103 on the 
target re?ection data side 120 are completely independently 
performed. If processing is required on one side, this pro 
cessing is performed independently of the other side. 

[0063] Arevealing data control means 105 stores/manages 
revealing data representing a storage area or storage block 
Where data in the processing data storage means 101 is 
reWritten by the data processing means 102. 

[0064] Arevealing data control means 106 stores/manages 
storage area Where data in the processing data storage means 
103 is reWritten by the data processing means 104. 

[0065] A priority data control means 107 stores/manages 
priority data representing the priorities of Write processing 
operations in each storage area of the processing data 
storage means 103 by the data processing means 102 and the 
data processing means 104. 

[0066] A inhibition data control means 108 generates 
inhibition data representing Whether stored data of the data 
processing means 102 can be Written in the processing data 
stored in the processing data storage means 103 in units of 
storage areas of the processing data storage means 103 and 
stores the inhibition data. The inhibition data control means 
108 retrieves revealing data for each storage area using 
outputs from the revealing data control means 105 and 106 
in units of storage areas of the processing data storage means 
103. For storage areas having revealing ?ags representing 
that reWrite processing has been performed, an open ?ag for 
enabling Write processing is set for a data processing means 
With a high priority, and a prohibit ?ag is set for a data 
processing means With a loW priority. 
















