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(57) ABSTRACT 

The control unit arbitrarily with respect to the CPU, includ 
ing according to an algorithm that is independent of the 
request a disk unit among the disk units that are inactive 
when the control unit receives an input/output request 
involving either read or Staging. For a write request from the 
CPU, the control unit selects a specific disk unit in the disk 
unit group for the immediate writing of data. In the Second 
kind of load distribution a disk unit is Selected to execute 
read and staging other than the above-mentioned specific 
disk. 
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READ-WRITE CONTROL OF DATA STORAGE 
DISK UNITS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to the control of the 
execution of a load for a storage, particularly the control of 
parallel processing with respect to input and output for disk 
drives. 

0002. In Japanese Patent Laid-Open No. 114947/1985, a 
double write control has a cache (hereinafter referred to 
Simply as a cache). Two disks, called double write disks, are 
each written with the same data. A control unit processes an 
input output request from a CPU for one of the two disk 
units. In the case of receiving a read request (input request) 
from the CPU, the control unit executes the request as it is. 
In the case of receiving a write request (output request) from 
the CPU, data is written in a specific one of the double write 
disks and at the same time the same data is written in the 
cache. At a later time, making use of available processing 
time when the control unit and disks have nothing else to do, 
the control unit writes the same data from the cache into the 
other disk unit, which is called a write after process. In this 
manner, the same data is written to each disk unit of the 
double write disk units. 

0003) In Japanese Patent Publication No. 28.128/1986, 
there is disclosed a double filing control for load distribution 
with respect to double write disk units. There is no write 
after process. The control is designed to achieve a higher 
processing Speed by Selecting an inactive disk unit, among 
the disk units, when an input/output request is received. An 
inactive disk unit will be defined herein as a disk unit that is 
currently not undergoing any disk accessing, that is not 
undergoing any read or write operation. 

0004. In a thesis found in the Information Process Insti 
tute Bulletin “Nishigaki et al: Analysis on Disk Cashe 
Effects in a Sequential Access Input Process”, Vol. 25, No. 
2, pages 313-320 (1984), there is disclosed with respect to 
a single disk unit a read ahead control having a cache, which 
involves the Staging, in the cache, data not requested by the 
CPU but which will be requested in an instruction shortly 
following the current instruction. This staging process is 
executed by the control unit independently of any execution 
of an input/output request from the CPU. 

SUMMARY 

0005. It is an object of the present invention to solve 
problems, analyzed below, that the inventors have found 
with respect to the above-noted controls. 
0006 Japanese Patent Laid-Open No. 114947/1985 does 
not give any attention to a potential advantage of the double 
write disk System, namely that a plurality of disk units can 
be controlled by the control unit, but instead the document 
discloses that the CPU input/output request is limited to one 
specific disk unit as requested by the CPU. Therefore, even 
though there is another disk unit that may be inactive, the 
request cannot be fulfilled by the control unit if the CPU 
requests the one specific disk unit that happens to be active 
at the time. The disk unit is considered active when it is 
undergoing Some type of input/output process. 
0007. On the other hand, Japanese Patent Publication No. 
28.128/1986 has excellent performance by selecting an inac 
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tive disk unit by the control unit for an input/output request 
from the CPU. However, this is applied to the double write 
function by utilizing a cache without a write after control, 
and therefore its reliability is lowered. This is due to the 
high possibility that write data is received from the CPU that 
is applicable to all the disk units, but is Stored in the cache 
without being immediately written to a disk unit. Therefore, 
if power failure occurs in the cache in combination with the 
breakdown of any one of the disk units, the write data 
received from the CPU is lost. 

0008 Furthermore, in the case of a control unit having a 
cache, the control unit can execute an input/output between 
the cache and the disk unit independently of an input/output 
request from the CPU, as disclosed in the thesis in the 
Information Process Institute Bulletin, mentioned above. In 
view of this, the inventors think that attention should be 
given to the possibility that a plurality of disk units can be 
Selected for an input/output process by the control unit 
independently of an input/output request from the CPU. 

0009 Japanese Patent Laid-Open No. 135563/1984 does 
not have any relation to the double write system. This patent 
relates to the cashe disk control unit with a write after 
control. The disk control unit stores the write data received 
from the CPU to both the cashe memory and the non-volatile 
memory. The write data in the cashe memory is written to 
the disk unit by utilizing a write after process. Therefore, the 
write request issued by the CPU can be processed at high 
Speed without accessing the disk unit, moreover, this can 
realize the highly reliable write after process. If the write 
data in the cashe memory is lost because of the breakdown 
of the cashe memory, the write data remains in the non 
Volatile memory. However, this patent does not relate to the 
double write function. 

0010 Specifically, the present invention relates to the 
control for providing a write after process using a cache So 
that the same data may be written to a disk unit group, 
comprising one or more disk units. If the disk unit group 
comprises one disk unit, the disk unit has a plurality of disks 
on each of which is written the same data. If the disk unit 
group comprises a plurality of disk units, each disk unit may 
have one or more disks, with the same data being written to 
each disk unit of the group. 

0011. The object of the present invention is to provide 
control for improving parallel execution of input/output 
processes by distributing the processes between disk units in 
the disk unit group, for distributing the load of the input/ 
output processes under the control of the control unit. 

0012 To better understand the present invention, input/ 
output processes, which the control unit executes between 
the control unit and the disk units can be classified into four 
kinds, as follows: 

0013 (1) A write request received from the CPU, which 
requires access to a disk unit. 

0014) (2) A read request received from the CPU, which 
requires access to a disk unit. 

0015 (3) A staging process performed independently of 
an input/output request from the CPU (that is independently 
of a read request or a write request from the CPU), which 
transferS the data from a disk unit to a cache. 
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0016 (4) A write after process executed between the 
control unit and a disk unit. 

0.017. Of the above mentioned four kinds, the write after 
proceSS is not an object for load distribution, as will be 
explained later. The write after proceSS is executed, with 
respect to a disk unit group, for all of the disk units other 
than those to which the same data has already been written, 
when a write request received from the CPU is executed. 
Therefore, there is no freedom for Selecting a disk unit 
which should be used to execute the write after process. 
Therefore, in the above four processes, the first three pro 
ceSSes are objects for load distribution. 
0.018. In the present specification, two kinds of load 
distribution according to the present invention will be dis 
cussed. 

0019. In the first kind of load distribution, the control unit 
arbitrarily with respect to the CPU, including according to 
an algorithm that is independent of the request, Selects a disk 
unit among the disk units that are inactive when the control 
unit receives an input/output request involving either the 
Second (read) or third (staging) kind of request. When a disk 
unit should be selected for a write request from the CPU, 
which requires access to the disk unit according to the first 
type of the four mentioned input/output processes, the 
control unit Selects a Specific disk unit in the disk unit group 
for the immediate writing of data. 
0020. In the second kind of load distribution, when the 
control unit Selects a disk unit for an input/output process of 
the first type, that is for the write request received from the 
CPU which requires access to a disk unit, a specific disk unit 
in the disk unit group is Selected. When a disk unit is 
Selected to execute an input/output process of the Second and 
third types (read and staging), a disk unit other than the 
above-mentioned specific disk unit is Selected, preferably 
arbitrarily. 
0021. The functions of the first kind of load distribution 
will be discussed. When a control unit receives from the 
CPU a read request which requires access to a disk unit, the 
control unit executes the following process. For the read 
request, the control unit Selects arbitrarily (that is indepen 
dently of the CPU, which includes according to an algorithm 
of the control unit), a disk unit among the inactive disk units 
in the disk unit group (each of the disk units in the disk unit 
group has on it the same data to be read). If no inactive disk 
unit is found among the disk units of the disk unit group, the 
control unit will place the read request in a wait State. In the 
case of receiving a write request from the CPU requiring 
access to a disk unit, the control unit Selects one specific disk 
unit, hereinafter called the master disk unit, among all the 
disk units of the disk unit group. If the Specific disk unit, 
particularly the master disk unit, is active with respect to 
Some other input/output process, the control unit will place 
the write request in a wait State. In the case of executing a 
Staging performed by the control unit independently of an 
input/output request from the CPU, an inactive disk unit 
among the disk units of the disk unit group is Selected for the 
Staging, that is for transfer of information between the disk 
unit and the cache. If all of the disk units Subject to Such a 
Selection are active with Some other input/output process, 
the control unit places the Staging in a wait State. 
0022. In general, an input/output process placed in a wait 
state will be periodically reviewed to see if it can be 
executed, and if it can be executed, it will be executed. 
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0023 The first type of a load distribution according to the 
present invention has improved reliability and improved 
features, with respect to the control disclosed in the above 
mentioned documents. AS compared with the control dis 
closed in Japanese Patent Laid-Open No. 114947/1985, the 
first type of distribution according to the present invention is 
slightly inferior in the distribution effect for the write 
request, but as compared with the control disclosed to 
Japanese Patent Publication No. 28.128/1986, the present 
invention provides Superior and excellent performance. The 
first type of load distribution according to the present 
invention has a restriction with respect to the free Selection 
of the disk unit for a write request. Accordingly, the distri 
bution effect is lower as compared with the control of 
Japanese Patent Laid-Open No. 114947/1985 that can select 
any disk unit within the disk unit group. However, for a read 
request, any inactive disk unit is Selected by the present 
invention. Usually, there is a far greater number of read 
requests than the number of write requests, for disk units in 
general, and the ratio is approximately 3:1 to 4:1. Therefore, 
the first load distribution type shows not So large a degra 
dation in the performance as compared with the control 
disclosed in Japanese Patent Laid-Open NO. 114947/1985. 
On the other hand, as compared with the control disclosed 
in Japanese Patent Publication No. 28.128/1986, which uses 
one disk unit intensively for all input/output requests, the 
first type of load distribution according to the present 
invention shows a far better performance. 
0024. The reliability of the first type of load distribution 
according to the present invention is higher than the reli 
ability provided by the disclosure of Japanese Patent Laid 
Open No. 114947/1985, and is almost equal to that of the 
method disclosed in Japanese Patent Publication 28.128/ 
1986. For the first kind of load distribution according to the 
present invention or the Japanese Patent Publication No. 
28.128/1986, there is no data for the write after process for 
the disk unit for which write requests are intensively 
assigned. The write after proceSS does not write data to any 
Specific disk unit for which write requests are intensively 
assigned. Therefore, even if there is a power failure in the 
cache, no write data received from the CPU is lost unless the 
Specific, master disk unit intensively Storing all of the write 
requests is also damaged. If, according to Japanese Patent 
Publication No. 28.128/1986 the write request was immedi 
ately executed for a random one of the disk units and Saved 
in the cache for a later write after, and then the cache lost its 
data before the write after could be completed, the data 
could be completely lost. Whereas in the present invention, 
the write request is always immediately executed with 
respect to one specific disk, a master disk, So that even if the 
data is lost in the cache before the write after proceSS can be 
completed, the data can be read from the master disk 
reliably. Accordingly, the load distribution of the first type 
according to the present invention has high performance and 
high reliability with respect to a disk unit group, in a well 
balanced manner. 

0025 The function of the second type of load distribu 
tion, according to the present invention, will be discussed. 
0026. When the control unit receives from the CPU a 
write request requiring access to a disk unit in the disk unit 
group, the control unit Selects one specific disk unit, here 
inafter called the master disk unit, among all the disks units 
of the disk unit group for immediate execution of the write 
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request, and also writes the same data to the cache for later 
execution of the write after proceSS. However, if this specific 
disk unit, the master disk unit, is in an active State, the 
control unit places the write request in a wait State. When 
receiving a read request from the CPU requiring access to a 
disk unit in a certain disk unit group, the control unit 
executes the following process. First, one arbitrary (arbitrary 
with respect to the CPU and selectable according to random 
distribution or some algorithm by the control unit) disk unit 
in an inactive State is Selected from among the disk units of 
the disk unit group other than the above-mentioned specific 
disk unit, that is other than the master disk unit. That is, the 
read request is performed with respect to any of the disk 
units of the disk unit group except for the master disk unit. 
If no inactive disk unit is found among the disk units other 
than this master disk unit, the master disk unit is then 
examined to determine whether or not it is inactive. If the 
master disk unit is inactive, as determined by Such exami 
nation, the control unit Selects the master disk unit to 
complete the read request, and if the examination reveals 
that the master disk unit is currently active, the control unit 
will place the read request in a wait State. 
0027. When attempting to execute a stage process inde 
pendently of an input/output request from the CPU, the 
control unit performs the following process, for the Second 
load distribution kind in the present invention. First one 
arbitrary disk unit is Selected among the inactive disk units 
of the disk unit group other than the master disk unit. If no 
inactive disk unit is found for Such selection, the master disk 
unit is examined to determine whether or not it is inactive. 
If this determination finds the master disk unit inactive, the 
control unit Selects the master disk unit for execution of the 
Staging, and if the examination finds that the master disk unit 
is active, the control unit places the Staging in a wait State. 
0028. The reason why the second load distribution kind 
according to the present invention is more desirable than the 
first load distribution kind is as follows. AS an example, let 
it be assumed that a read request is assigned to a specific disk 
unit for which write requests from the CPU are intensively 
assigned, more specifically, the master disk unit, by the first 
load distribution kind. If a write request is received before 
the process for the read request is completed, the control unit 
cannot start executing the write request. Therefore, the disk 
unit other than the intensively used or master disk unit 
should preferably be assigned for any processes other than 
the write request from the CPU that do not require the 
Selection of the master disk unit. Thus, the load distribution 
effect can be enhanced by the second type of load distribu 
tion of the present invention as compared with the first type 
of load distribution and as compared to the load distribution 
of the above-mentioned documents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 Further, objects, features and advantages of the 
present invention will become more clear from the following 
detailed description of a preferred embodiment of the 
present invention, with reference to the accompanying draw 
ing, wherein: 
0030 FIG. 1 illustrates the basic operation of a control 
unit with respect to a first kind of load distribution according 
to the present invention; 
0.031 FIG. 2 is a block diagram showing the configura 
tion of a computing System of the present invention; 

Oct. 27, 2005 

0032 FIG. 3 shows parallel processing for an input/ 
output process received from a processor and an input/ 
output request executed by the control unit independently of 
the input output request from the processor, 
0033 FIG. 4 shows parallel processing between a plu 
rality of input output requests received respectfully from a 
plurality of processors, 
0034 FIG. 5 shows parallel processing between a plu 
rality of input output requests received from a Single pro 
CeSSOr, 

0035 FIG. 6 illustrates the basic parallel operation of the 
control unit operating with respect to the Second kind of load 
distribution, according to the present invention; 
0036 FIG. 7 is a flowchart showing independent staging 
with respect to the Second kind of load distribution accord 
ing to the present invention; 
0037 FIG. 8 illustrates the structure of a disk unit; 
0038 FIG. 9 illustrates the structure of a track; 
0039 FIG. 10 illustrates the structure of a cache; 
0040 FIG. 11 shows the necessary information provided 
in a directory; 
0041 FIG. 12 shows the segment management informa 
tion for the present invention; 
0042 FIGS. 13a and 13b show the storage format for a 
record on a track in a Segment unit; 
0043) 
0044 FIG. 14b illustrates the structure of an empty 
Segment que headpointer; 

004.5 FIG. 15 shows the information stored in a control 
information memory; 
0046 FIG. 16 illustrates the structure of a disk unit group 
information; 

0047 FIG. 17 illustrates the structure of a disk unit 
information; 

FIG. 14a illustrates the structure of a track table; 

0048 FIG. 18 illustrates the module of a director; 
0049 FIG. 19 is a flowchart for input/output request 
reception; 

0050 FIG. 20 is a flowchart for a write after processing: 
0051) 
0.052 FIG. 22 is a flowchart for a disk unit read write 
process, and 
0053 FIG. 23 is a flowchart for an input/output request 
reception according to the Second kind of load distribution 
of the present invention. 

FIG. 21 is a flowchart for an independent staging; 

DETAILED DESCRIPTION 

0054 All of the following figures and description apply 
equally to the first type of load distribution according to the 
present invention and the Second type of load distribution 
according to the present invention, except where the differ 
ences are specifically disclosed with respect to the Second 
type of load distribution that is a modification of the first 
type of load distribution. 
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0.055 FIG. 2 is a block diagram showing the configura 
tion of a computing System of the present invention. The 
computing System comprises: a plurality of processors 210, 
each having a CPU 200, a main memory (MM) 201 and 
channels 202; a control unit 203; and a plurality of disk units 
204 grouped into a lesser plurality of disk unit groupS 211. 
In this respect, it will become clear from the following 
description that the present invention is applicable to the 
control unit 203 connected to a single or a plurality of 
processors 210, as indicate. There are a plurality n of disk 
units 204 grouped into each of a plurality m of disk unit 
groupS 211, that is, each of the m disk unit groupS 211 has 
more than n disk units 204. The number of n disk units 204 
belonging to each disk unit group 211 may vary among the 
disk unit groups. Each disk unit 204 belongs to a specific disk 
unit group 211. The method for designating the disk unit 
group 211 to which the respective disk unit 204 belongs is 
not directly related to the present invention and therefore 
will be omitted from the description. 
0056. The control unit 203 comprises more than one 
director 205, a cache (for example a volatile memory such 
as a DRAM) 206, control information memory 207 and 
directory 208. Each of the directors 205 selectively transfers 
data between a channel 202 and a disk unit 204, between a 
channel 202 and the cache 206, and between the cache 206 
and a disk unit 204. The cache 206 stages data that requires 
more frequent access, which data is also stored along with 
other less frequently accessed data in the disk units 204. The 
directory 208 stores information needed to manage the cache 
206. The staging is executed by the directors 205. A specific 
example of Staging data can be the object data accessible 
from the CPU 20, and the stored data in the vicinity of this 
data in the disk unit 204. 

0057 The control unit 203, to which the present inven 
tion is Specifically directed, has the function to write the 
Same data to all of the disk units 204 belonging to a certain 
disk unit group 211, that is, the So-called multiple writing 
function. Therefore, it can be considered that the processor 
210 issues an input/output request Selectively to each of the 
disk groupS 211. 
0.058 From the viewpoint of the control unit 203, accept 
able input/output processes from the processor 210 can be 
classified as follows: 

0059 (1) An input/output request process that does not 
gain access to a disk unit 214, which is a request for data 
transfer between the cache 206 and the processor 210. For 
example, the process executed when the data for a read 
request received from the processor 210 has already been 
staged in the cache 206 as shown by the cache directory 208. 
0060 (2) A process involving input/output request from a 
CPU requiring access to a disk unit 204 in a specified disk 
unit group 211. 
0061 (3) Execution process by the control unit 203 
between a disk unit 204 and the cache 206, whereby the 
control unit 203 executes a Subsequent input/output proceSS 
independently of the input/output request received from the 
processor 210. For example, a data transfer without any 
relationship to the processor 210, which is an input output 
process between the cache 206 and a disk unit 204 in one of 
the disk unit groupS 211. 
0062) The present invention relates to a load distribution 
control between the disk units 204 in the same disk unit 
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group 211. Therefore, the input/output request process that 
does not gain access to a disk unit group 211 referred to as 
(1) above is not directly related to the present invention. 
Among the processes executed by the control unit 203, the 
processes mentioned above as (2) and (3) are the objects of 
the present invention. In this respect, the disk unit 204 to 
which no input/output process (2) or (3) mentioned above is 
assigned (that is, a disk unit not executing any process), is 
referred to as a disk unit in an inactive State. 

0063. The load distribution control of the first type 
according to the present invention will now be described 
along with all features that are common to the load distri 
bution control of the Second type according to the present 
invention. 

0064 FIG. 1 is a block diagram illustrating the operation 
of the control unit 203 in accordance with the first type of 
distribution of the present invention. In FIG. 1, there are a 
plurality of master disk units, namely A, B and C that are 
respectively a part of the disk unit groupS 211A, 211B and 
211C. The difference between the master disk unit and the 
other disk units is that the master disk unit is broadly a 
Specific disk unit defined in advance in each of the disk unit 
groupS 211 to more intensely receive the write requests, 
more specifically, to more intensely immediately receive the 
write data directly in accordance with a write request with 
out passing the write data through the cache in a write after 
process, and even more Specifically the master disk imme 
diately receives the write data for all write requests to its 
disk unit group, whereas the other disk units of the same disk 
unit group receive the write data in a write after proceSS from 
the cache. 

0065. In FIG. 1, the disk unit group 211A, the disk unit 
group 211B and the disk unit group 211C are connected to 
the control unit 203. The disk unit group 211A comprises a 
master disk unit A and a plurality of disk units A through 
A, which can vary in number from one to many disk units 
and which are disk units other than the Specific unit, that is 
other than the master disk unit A. Likewise, the disk unit 
group B comprises a master disk unit B, and a plurality of 
other disk units B, through B, and the disk unit group C 
comprises a master disk unit C and other disk units C 
through C. 

0066. The input/output requests received by the control 
unit 203 from the processor 210 that require access to a disk 
unit 211 will be described separately for the write and read 
requests. In FIG. 1, data flow 110 is for a write request, and 
data flow 113 is for a read request. The control unit 203 
receives a write request 110 from the processor 210, which 
requires access to the disk unit group 211A. The control unit 
203 Selects the master disk A within the disk unit group 
211A with Selection (a). In other words, the master disk A 
is regarded as the disk unit in which the write requests which 
require an access to the disk unit group 211A are concen 
trated. According to the more limited aspect of the present 
invention, all of the write requests immediately transfer 
write data to the master disk A and the cache 206. The same 
write data is later transferred by the cache to all of the other 
disk units of the disk unit group 211A by the write after 
process. The control unit 203 writes to the master disk unit 
At the data of the write request received from the processor 
210 and at the same time writes this write data to the cache 
206 as write data 111. The control unit 203 later executes 
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writing this same write data 111 to each of the disk units 
belonging to the same disk unit group 211A other than the 
master disk A, that is to the disk units A through A with 
selection (b) and write after process flow (c). The write data 
111 is stored in the cache 206 until all of the write after 
processes to each of the disks A through A are completed. 
0067. In the case of receiving the write request which 
requires access to the disk unit group 211A, the reason why 
the master disk A is preferably always Selected for imme 
diately receiving the write data is as follows: If it is So 
arranged that any write request must necessarily be assigned 
to the master disk A, all write data 111 received from the 
processor 210 is written to the master disk A. As a result, 
the complete data is always held in the master disk A, even, 
if for example, there is a breakdown in any one of the disk 
units A through A; other than the master disk and a power 
outage affecting the cache 206. However, this arrangement 
results in a restriction in Selecting the disk unit freely for the 
write request received from the processor 210. Hence, the 
System performance is lowered as compared to a System 
wherein the write request can be executed with a write after 
to all of the disk units of the requested disk unit group 
without Specifying a master disk. That is, the present inven 
tion has an advantage over Such a System with respect to 
reliability, but has a Slightly reduced performance, e.g., 
speed. Specifically, when the control unit 203 receives the 
write request 110 requiring access to the disk unit group 
211A, the control unit cannot start its processing unless the 
master disk AO is inactive. In contrast to the present 
invention it would be possible to Start processing the write 
request if the control unit is free to choose any of the disk 
units that are inactive, Such as disk unit A. 
0068 FIG. 1 also illustrates the case where the control 
unit 203 receives a read request from the processor 210 
requiring access to the disk unit group 211C. At this time, the 
control unit 203 selects any one of the disk units 204 
arbitrarily (including an algorithm within the control unit), 
among the disk units 204 that are in an inactive State within 
the disk unit group 211C, which in the example of FIG. 1 
involves the selection (e) of disk unit 211C. The control unit 
203 transfers the requested read data from the disk unit 211C 
to the processor 210 along the path 113. At this time, it may 
be arranged that the read data requested by the processor 210 
is Stored not only in the disk C1 but also Staged in the cache 
206 as Stage data 114, and Such storing is indicated by the 
broken line. By staging the data, a read request for the same 
data 114 at a later time can be executed from the cache at a 
higher Speed than it can be executed from the disk unit group 
211A. 

0069. As shown in FIG. 1, there are input/output pro 
ceSSes between the disk unit groupS and the cache 206 that 
are executed by the control unit 203 independently of the 
input/output request received from the processor 210. Spe 
cifically, there is the write after process involving data flow 
(c), which writes write data to the disk units in an indepen 
dent Stage proceSS independently executed from the input/ 
output request of the processor 210. Another example of the 
independent Stage proceSS performed Separately from the 
processor 210 is the execution of an advanced read from the 
control unit 203 involving the inactive state disk unit selec 
tion process (e) and the advance read process (d). The write 
after process (c) is a process to write the write data 111 
stored in the cache 206 to the disk unit selected as A, where 
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no write data 111 has been written yet. There is no need of 
performing a write after process with respect to the master 
disk A in the disk unit group A because the write data 111 
received from the processor 210 has already been directly 
written to the master disk unit A. Accordingly, with the 
exception of the master disk unit A, the write after process 
(b,c), is performed Sequentially with respect to each of the 
other disk units, namely disk units A through A, with a 
Sequence of execution not necessarily in that order. In the 
case where the control unit 203 executes a read ahead 
Staging process (d, e) for a disk unit group 211B indepen 
dently of the process at 210, the control unit 203 arbitrarily 
Selects any one of the disk units in an inactive State among 
all of the disk units of the disk unit group 211B. In FIG. 1, 
the control unit 203 stages the stage data 116 in the cache 
206 read from the disk B, by way of an example of the read 
ahead Staging process. 

0070 For the write request received from the processor 
210 that requires access to a disk unit group, the reliability 
is obscured by Selecting the master disk for immediate 
writing of the write data. On the other hand, in the case of 
reading data from a disk unit group, any inactive disk unit, 
including the master disk unit, is Selected for reading. This 
way, high reliability and high performance are realized in a 
well balanced manner according to the first type of load 
distribution of the present invention. 

0071. The present invention is particularly applicable to 
parallel processing, as shown with respect to different par 
allel processing examples set forth in FIGS. 3 through 5. 
Also, all of the processing shown in FIG. 1 is preferably 
parallel. 

0072 FIG. 3 illustrates the control unit 203 executing 
parallel processing for the input/output processes that are: a 
first process that requires access to the disk unit group A 
pursuant to a request from the processor 210; and a Second 
process requiring execution by the control unit 203 and the 
cache 206 independently of the processor 210. As shown in 
FIG. 3, by way of example, the control unit 203 is parallel 
executing a stage process (a) with the disk unit A indepen 
dently of an input/output process required by the processor 
210, a write after process (c) between the control unit and the 
disk A, and a read request (b) from the processor 210, all 
of which require access to the disk unit group 211A. In this 
case, the control unit 203 selects an inactive disk unit A in 
the disk unit group 211A So that it can Start executing the 
read request that has been received from the processor. In 
FIG. 3, the write after process (c) and the read ahead stage 
process (a) are performed each independently of the pro 
ceSSor 210 and are each executed in parallel processing with 
the other. However, if there are many inactive disk units, the 
control unit 203 can parallel execute the corresponding 
greater number of multiple write after processes and read 
ahead Staging processes independently of the processor 210. 
However, it is impossible to perform a write request that 
requires the master disk unit AO to be in an inactive State if 
Some other process, for example a read process, is already 
being performed with respect to the master disk unit So that 
the master disk unit is not in an inactive State: this is a 
disadvantage of the first type of load distribution according 
to the present invention, which disadvantage is Solved by the 
Second type of load distribution of the present invention, as 
described hereinafter. 
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0073 FIG. 4 and FIG. 5 illustrate parallel processing for 
plural read requests. 

0.074 FIG. 4 shows a plurality of processors 210, each 
connected to a single control unit 203, and Specifically 
shown are the processors 210 and 210a. By way of example, 
the control unit 203 receives from each of the processors 210 
and 210a a read request that requires access to the disk unit 
group 211A. Then the control unit 203 arbitrarily selects an 
inactive disk unit for each, for example, disk unit A and A 
among the disk units of disk unit group 211A to Start parallel 
processing the read requests that have been received, which 
processing may involve staging (b) of read data. As a matter 
of course, if there is any inactive disk in the disk unit group 
211A when the control unit 203 receives the read request 
from the processor 210a, the read request is immediately 
executed. If the master disk is inactive, the write request is 
immediately executed. However, because of competition 
with respect to the master disk unit AO, it is impossible to 
parallel perform a plurality of write requests, each of which 
requests the disk unit group 211A. Also, if three or more 
processors are connected to the control unit 203, it is 
possible to perform parallel three or more read requests 
respectively from the three or more processors, where each 
request requires access to disk unit group 211A So long as 
there are at least three or more inactive disk units among the 
disk units 204 of disk unit group 211A. 
0075 FIG. 5 illustrates parallel processing with respect 
to one processor 210 connected to the control unit 203. The 
processor 210, by way of example, can issue a new input/ 
output request to the disk unit group 211Abefore the current 
processing of the input/output request to the disk unit group 
211A is completed. In FIG. 5, by way of example, the 
control unit 203 can be considered as in the middle of 
executing with respect to disk unit A a read request (a) 
received from the processor 210 that requires access to the 
disk unit group 211A. Before finishing this read request (a), 
the control unit 203 receives another read request (b) from 
the processor 210 that involves access to the same disk unit 
group 211A. The control unit 203 arbitrarily selects any one 
of the inactive disk units 204 of the disk unit group 211A, 
for example disk unit A, to Start this Second received read 
request (b) before the first read request (a) has been com 
pletely executed. Although not shown, the control unit 210 
can also immediately start to process a write request that is 
received before the read requests (a) and (b) are completely 
executed, which write request requires access to the disk unit 
group 211A only if the master disk unit A is inactive. 
However, because of the competition for the master disk A, 
it is impossible to parallel execute a plurality of write 
requests that each require access to the same disk unit group, 
for example disk unit group 211A. 

0.076 Furthermore, even in the case where the single 
processor 210 issues three or more input/output requests 
including one write request all Specifying the disk unit group 
211A, the control unit 203 can parallel execute the requests 
if in each case there is an inactive disk unit, with the write 
request requiring the master disk unit to be inactive. 
0.077 Even though much of the following description of 
the first type of load distribution also relates to the second 
type of load distribution according to the present invention, 
the difference between the second type of load distribution 
and the first type of load distribution, each according to the 
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present invention, will now be described. In the Second type 
of distribution load, the read request from the processor 
requiring access to a specific disk unit group is executed 
with respect to any one of the inactive disk units other than 
the master disk unit. In a similar manner, a staging process 
that is performed independently of the processor 210 is 
executed with respect to any one of the inactive disk units 
other than the master disk unit. 

0078. The reason why the second type of load distribu 
tion according to the present invention differs only in this 
manner from the first type of load distribution according to 
the present invention is that Selecting a disk unit other than 
the master disk unit 204 for processes other than the write 
request allows the processing to be executed at a higher 
speed than with the first type of load distribution. This is 
possible, because then there will be less conflict between a 
write request and a process other than the write request, 
because the write request involves only the master disk unit 
(the write after can be performed at a later time) and the 
processing other than the write request is executed prefer 
ably with respect to disk units other than the master disk 
unit, all of which increases the probability that parallel 
processing can be performed with less wait States. That is, 
according to the Second type of load distribution according 
to the present invention, there is a higher possibility that the 
master disk is in an inactive State when the write request 
requiring access to the disk unit group is received, which 
increases the possibility of parallel processing and increases 
the Speed of the process. 
0079. In FIG. 6, the following parallel processing is 
being accomplished as an example of the Second type of load 
distribution according to the present invention. Write request 
110 from the processor 210 requiring disk unit group 211A 
places write data 111 in the cache 206 of the control unit 203 
and also performs master disk Selection (a) to thereby place 
the same write data in the master disk unit A. At the same 
time (including overlapping but not coincided execution 
cycles), according to parallel processing, a read request 113 
from the processor 210 requesting read data from the disk 
unit group 211C involves a selection (e) of disk unit C by 
the control unit 203 as an arbitrarily selected inactive disk 
unit among the disk units 204 other than the master disk unit 
C to transfer read data to the processor 210 and as Stage 
read data 114 to the cache 206. Also according to parallel 
processing, Staging conducting the read ahead process 
Selects disk unit B, by process (e) under control of control 
unit 203 to pass data along flow (d) to be stored in cache 206 
as read ahead Stage data 116. In parallel with the above or 
at a later time, the control unit 203 can perform select (b) of 
disk unit A for the write after of write data 111. 
0080 Unless otherwise indicated, the following descrip 
tion is applicable to both the first type and the Second type 
of load distribution according to the present invention. 
0081 FIG. 8 illustrates the structure of a disk unit 204. 
A plurality of rotatably driven coaxial disks 801 are pro 
vided in the illustrated disk unit 204. A read/write head 802 
is provided for reading and writing data for each of the disks 
801 control unit interface 803 controls the operation, includ 
ing movement, of the heads 802 with respect to the disks 
801. A unit of recording medium for each of the disks 801 
to which the read/write head 802 can gain access while the 
disk 801 completes one revolution is called a track 800. A 
plurality of tracks 800 are present on each disk 801. 
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0082 FIG. 9 illustrates the structure of a single track 
800. The track 800 has its track head 902 and track tail 903 
defined at certain fixed positions, as references. Also, one or 
more records 900 can reside on each track 800. A record 900 
is a minimum unit of input/output processing between the 
processor 210 and the control unit 203. The position of the 
record 900 on the track 800 is determined by a unit of fixed 
byte length called a cell 901. The storage of a record 900 
must be started at a head of a cell 901 and it cannot be started 
from anywhere within the cell 901. Therefore the length of 
a record 900 is an integer multiple of the length of a cell 901. 
The numbering of the cells 901 is in ascending order, one by 
one, beginning with the track head 902 of the track 900 as 
number 0. 

0083 FIG. 10 illustrates the structure of the cache 206. 
The cache 206 may be DRAM or a portion thereof mapped 
to comprise segments 1000. In this embodiment, one seg 
ment 1000 is assigned to one track 800, and the entire data 
in each track 800 is stored in a corresponding segment 1000. 
However, according to the present invention, the assigned 
unit of the segment 1000 is not necessarily limited to the 
entire track 800. A Smaller unit, Such as a record, which is 
a read/write unit between the processor 210 and the control 
unit 203, can also be adopted freely as the assigned unit. 
0084 FIG. 11 illustrates the structure of the directory 
208. The directory 208 comprises a plurality of segment 
management informations 1100, a track table 1101, and an 
empty Segment head pointer 1102. Each Segment manage 
ment information 1100 resides in the segment unit 1000. 
Each one of the track tables 1101 and empty segment pointer 
1102 resides in the control unit 203. 

0085 FIG. 12 shows the required information for the 
present invention, which is provided in each Segment man 
agement information 1100. An empty segment pointer 1200 
indicates the segment unit 1000 which is not used in the 
track 800. A cache track number 1201 is the number of the 
track 800 of the disk unit group 211 stored in the segment 
unit 1000 for the corresponding segment management infor 
mation 1100. The record bit map 1202 shows the starting 
position of a record 900 on the track 800 stored in the 
Segment 1000 for the corresponding Segment management 
information 1100. Here the bit position is in the correspond 
ing number of the starting cell 901. If, for example, the nth 
bit in the record bit map 1202 is on, the storing of the 
corresponding record 900 is started at the nth cell 901, for 
the corresponding Segment management information 1100. 
If the nth bit is off, a record 900 stored starting at the nth cell 
901 does not exist. 

0.086 FIG. 13 illustrates the storing format of the data on 
the track 800 in the disk unit 204 for data also in the cache 
206. The structure shown in FIG. 13a is the same as that of 
FIG. 9 that has already been described and which is also 
contained within the segment unit 1000. In the segment unit 
1000, shown in FIG. 13b, the records 900 are sequentially 
recorded starting from the record at track head 902 on the 
track 800. Therefore, if the number of the cell 901 that stores 
the start of the record 900 on the track 800 is known, the 
storage starting position of the record 900 in the segment 
unit 1000 of the cache 206 is also known. 

0087. With respect to FIG. 12, partially described above, 
an updated record bit map 1203 for a record 900 is stored in 
the segment unit 1000 for the corresponding segment man 
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agement information unit 1000, which requires a write after 
process. The record 900 that requires the write after process 
is hereinafter called a write after record. The respective bits 
reside in the corresponding number of the cell 901 as in the 
case of the record bit map 1202. Specifically, if the nth bit 
in the updated record bit map 1203 is on, the record 900, 
storing of which is started at the nth cell 901 for the 
corresponding Segment management information 1100, is a 
write after record. A separate update record bit map 1203 is 
provided for each one of the disk units 204. The specific 
relationship between an updated record bit map 1203 and a 
disk unit 204 will be referred to when the structure of the 
control information memory 207 is described. The areas for 
the updated record bit map 1203 are prepared for the number 
of the disk units 204 that can be defined in one disk unit 
group 211. However, the number of the updated record bit 
maps 1203 that can be used is the number of the disk units 
204 comprising the corresponding disk unit group. 
0088. In FIG. 12, the store completion flag 1204 shows 
whether or not the record 900 is stored on the assigned track 
800 of the disk unit with respect to the record in the segment 
unit 1000 for the corresponding segment management infor 
mation 1100. The active flag 1205 shows that the input 
output process is being executed for the track 800 assigned 
to the corresponding Segment management information 
1100. The segment pointer 1206 indicates a segment unit 
1000 for the corresponding Segment management informa 
tion 1100. 

0089 FIG. 14a illustrates the structure of the track table 
1101, and FIG. 14b indicates the structure of the inactive 
segment head pointer 1102. 

0090 The track table 1101 shows whether or not each of 
the segment units 1000 is assigned to a track 800, for a set 
of tracks 800 in the same disk unit group 211. A track table 
1101 is provided for each of the disk unit groups 211. If 
assigned, a pointer 1100A is set to provide the address in 
memory where the Segment management information is to 
be found. As shown for each of the segment units 1000 
assigned to the track 800 if there is no Segment management 
information 1100, 1200, the pointer is reset. The track table 
1101 has the information regarding tracks 800 in the same 
disk unit group 211, all Stored in the numerical order of the 
tracks 800, that is in ascending numerical order in the 
direction of the arrow shown in FIG. 14(a). The segment 
management information 1100 for the corresponding Seg 
ment unit 1000 to which no track 800 has been assigned is 
all combined Sequentially in Storage at an address identified 
by the empty segment head pointer 1102. A set of the 
unassigned combined Segment management information 
1100 is called an empty segment que 1400 shown in FIG. 
14(b). 
0091 FIG. 15 illustrates the structure of the control 
information memory 207. In the control information 
memory 207, disk unit group information 1500 is included, 
which has information for each disk unit group 211. The 
number of disk unit group informations 1500 corresponds to 
the number of the disk unit groups 211 that can be controlled 
by one control unit 203. 
0092 FIG. 16 illustrates the structure of one disk unit 
group information 1500, which is the same for all. Disk unit 
number 1600 is the number of the disk units 204 currently 
in the corresponding disk unit group 211. A plurality of the 
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disk unit informations 1601 are provided, respectively for 
each of the disk units 204 comprising the corresponding disk 
unit group information 1500. The prepared number of disk 
unit informations 1601 is equal to the definable number of 
the disk units 204 defined in one disk unit group 211. 
Effective information is stored from the first disk unit 
information head 1601 up to the number of the disk unit 
information 1601 defined by the disk unit number 1600. 
Here the disk unit information head 1601 is information for 
the master disk. Also, the nth updated record bit map 1203 
of FIG. 12 in the segment management information 1200 is 
a disk unit 204 corresponding to the nth disk unit informa 
tion 1601. A processor input/output wait bit 1602 shows that 
an input/output request received by the corresponding disk 
unit group 211 from the processor is in the wait State. This 
bit number can be expressed as follows. The number of the 
processor input/output wait bit 1602 equals the number of 
the processor 210 that can be connected to the control unit 
203 (here the number is given as 1) times the number of the 
input/output process requests, (here the number is given as 
J) that can be executed in parallel by one processor 210 for 
one disk unit group 211. 
0093. Therefore, when each processor 210 issues the 
input/output request to the control unit 203, the processor 
210 sends the following two points of information to the 
control unit 203. A first point of information is the identity 
of the processor 210 that issues the input/output request, 
indicated by one of the numbers from 1 to I that are 
respectively assigned to the processor 210. The second point 
of information identifies for the specified disk unit group 211 
the input/output requests by one of the numbers 1 to J. 

0094 FIG. 17 illustrates the structure of one of the disk 
unit informations 1601 and the others have the same struc 
ture. A disk unit number 1700 is given for identifying the 
disk unit 204 for the corresponding disk unit information 
1601. A processor input/output execution single bit 1701 
shows whether or not a disk unit 204 for the corresponding 
disk unit number 1700 is active in executing an input/output 
request received from the processor 210. A write after 
execution single bit 1702 shows whether or not a disk unit 
204 for the corresponding disk unit number 1700 is active in 
executing a write after process. An independent Staging 
execution single bit 1703 shows whether or not a disk unit 
204 for the corresponding disk unit number 1700 is active in 
executing a Staging proceSS performed independently of the 
processor 210. For the processor input/output execution bit 
1701, write after execution bit 1702 and independent stage 
execution bit 1703, only one may be set on at a single time. 
Also, a disk unit 204 for which the processor input/output 
execution bit 1701, write after execution bit 1702 and 
independent staging execution bit 1703 are off is a disk unit 
204 in an inactive state. When one of these bits is on, the 
disk unit 204 is in an active State. Segment management 
information pointer 1704 indicates the address of the stored 
Segment management information 1100 assigned to the track 
800 accessed by an input/output process in execution by a 
disk unit 204 for the corresponding disk unit 1700. The 
Segment management information pointer, when Set, shows 
the address in Storage for the Segment management infor 
mation for the disk unit 204 identified by disk unit number 
1700. 

0.095. It is desirable that the control information memory 
207 is non-volatile, otherwise there is a problem that infor 
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mation stored in the control information memory 207 can be 
lost due to power outage and other reasons. 
0096. Input/output processes to be executed by the con 
trol unit 203 are actually carried out in parallel by the 
respective directors 204 in the control unit 203. 
0097 FIG. 18 shows each procedure used by each of the 
respective directorS 204 for carrying out the required parallel 
executions according to the present invention. Each function 
of the procedures will be described. An input/output request 
receipt part 1800 processes the input/output request received 
from the processor 210. A write after process schedule part 
1801 provides a schedule for the write after process. An 
independent Stage process Schedule part 1802 provides a 
Schedule for the Staging performed independently of the 
processor 210. A disk unit transfer part 1803 executes the 
read/write transfer to and from the disk units 204. 

0.098 FIG. 19 is a flowchart for the input/output receipt 
part 1800 of FIG. 18. When the input/output receive part 
1800 receives a new input/output request from the processor 
210, this part starts its execution. The execution is as 
follows. 

0099. At step 1900, it is determined if an input/output 
request that has been received requires access to the disk unit 
204. To specifically define the type of an input/output 
request which requires access to the disk unit 204 is not 
directly related to the present invention and therefore is 
omitted from the detailed description. If the input/output 
request received does not require access to the disk unit 204, 
the processing proceeds to the step 1918. If the answer to the 
determination in step 1900 is yes, step 1901 starts executing 
the input/output request by first determining if the requested 
input/output track resides in the cache. Specifically, a track 
800 which the input/output request wishes to gain access to, 
is checked to determine whether or not a segment 1000 is 
assigned thereto. If an assignment is made, processing 
proceeds to step 1903. If no assignment is made as deter 
mined by step 1901, step 1902 assigns segment management 
information 1100 to the track 800 to which the input/output 
request wishes to gain access and links it to the correspond 
ing area of the track table 1101. Also, the store completion 
flag 1204 for the assigned Segment management information 
1100 is turned off and the active flag 1205 is turned on. At 
this time, the segment management information 1100 of the 
assignment is one Selected from the Segment management 
information's 1100 that are in an inactive state starting at the 
empty Segment head que 1102. If there is no Segment 
management information 1100 in the inactive State, a Seg 
ment management information currently assigned is Selected 
by a known method. Any specific method of the Selection is 
not related to the present invention and thus will not be 
described in detail. Following step 1902, step 1905 is 
executed. 

0100 If the determination in step 1901 is yes, step 1903 
makes the determination if the requested input/output track 
is in use, that is the active flag 1205 for the segment 
management information 1100 assigned to the track 800 to 
which the input/output request gains access is checked to 
determine whether or not this flag 1205 is on. If it is on, the 
requested track 800 is in use for some other input/output 
process, therefore, the input/output request newly received 
cannot be executed immediately and hence processing pro 
ceeds to step 1916. If according to the determination in step 
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1903, it is found that the active flag 1205 is off, the active 
flag 1205 is turned on according to step 1904 and processing 
proceeds to step 1905. 
0101. In step 1905, it is determined if the input/output 
request is a write request. According to the most preferred 
form of the present invention, a write request which requires 
access to the disk unit group 211 gains access to only the 
master disk unit. Thus, if the input/output request is for 
reading, e.g., the processing branches conditionally to Step 
1908 in accordance with a negative determination from step 
1905. 

0102) In the case of a write request, the master disk unit 
is checked at step 1906 to determine if the master disk unit 
in the requested disk unit group is inactive. This check 
examines the following information in the disk unit infor 
mation 1601 for the corresponding master disk of the 
requested disk unit group 211, that is the head disk unit 
information 1601 in the disk unit group information 1500. In 
other words, the processor input/output execution bit 1701, 
write after execution bit 1702, and independent staging 
execution bit 1703 are all checked to determine if they are 
all inactive. Then, if the master disk is found to be in the 
inactive State, corresponding to none of the above-men 
tioned bits being Set active, the requested master disk is 
selected according to step 1907. The selection is made in 
step 1907 by turning on the processor input/output execution 
bit 1701 in the disk unit information 1601 for the corre 
sponding master disk. When the above proceSS is completed, 
processing proceeds to Step 1910 to start the same process 
ing that is already described with respect to the first type of 
load distribution. 

0103) If the determination in step 1906 is that the 
requested master disk is active, processing proceeds to Step 
1913 where the corresponding input/output request is then 
kept in a wait State until it can be executed by turning off the 
active flag 1205. 
0104. If there is a negative determination from step 1905, 
that is if there is a read request, processing proceeds to Step 
1908. In step 1908, a determination is made if there is any 
inactive disk unit found in the requested disk unit group 211, 
to Start the assignment of the read request which requires 
access to a disk unit 204 of the requested disk unit group 
211. According to the first load distribution type of the 
present invention, an arbitrary disk unit which is in the 
inactive State is assigned to the request which requires 
access to a disk unit 204. Accordingly, the requested disk 
unit group 211 is checked to determine if there is an empty 
disk unit 204 therein in accordance with step 1908. The 
Specific contents of the processing are as follows. In other 
words, with respect to the disk unit informations 1601 for 
the requested disk unit groupS 211, the processor input/ 
output execution bit 1701, write after execution bit 1702 and 
independent stage execution bit 1703 are searched to see if 
they are off. If any one of these bits is on for each of the 
Searched disk units, it means that there is no inactive disk 
unit 204 in the requested disk unit groupS 211, making it 
impossible to Start executing the read process and therefore 
the answer to the determination in step 1908 is no and 
processing proceeds to step 1913 for the wait state until 
processing may be resumed. 
0105. If an inactive disk unit 204 is found in the requested 
disk unit group 211, corresponding to a yes determination 
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from step 1908, an inactive disk unit 204 of the correspond 
ing disk unit number 1700 in the corresponding disk unit 
information 1601 is selected by step 1909. Specifically, the 
processor input/output execution bit 1701 in the selected 
disk unit information 1601 thus found is turned on. 

0106. In step 1910, the selected segment management 
information pointer 1704 is set to indicate the segment 
management information 1100 assigned to the requested 
track 800. In step 1911, a positioning process request is 
issued for the disk unit 204 selected according to step 1909 
to access the requested track 800 with its head. In step 1912, 
connection between the director 205 in use and the processor 
210 making the request is cut off until the position proceSS 
for the selected disk unit 204 is completed. Thereafter, the 
processing in the input receipt part 1800 is terminated. 
0107 AS mentioned, step 1913 is conducted when no 
inactive disk unit 204 is found in the disk unit group 211 
requested. In step 1913, the active flag 1205 from the 
corresponding Segment management information 1100 is 
turned off. In accordance with step 1914, a determination is 
made if the store completion flag 1204 is on. If it is on, 
processing proceeds to Step 1916. If the determination in 
step 1914 is no, the segment management information 1100 
is registered in step 1915 in an empty segment que 1400 
because the off value of the store completion flag 1205 
indicates that no data is recorded in the segment 1000 
corresponding to this Segment management information 
1100. 

0108. In step 1916, the corresponding input/output wait 
bit 1602 in the disk unit group information 1500 is set to 
provide an indication to the processor 210 that the proceSS 
of the corresponding input/output request cannot be started 
due to Some other input/output process being carried out. 
Specifically, the bit position to be set in the proceSS request 
input/output wait bit 1602 is determined in view of the two 
points given below, and the Setting of the bit is performed 
accordingly. A first point is to know the number of the 
processor 210 which issued the corresponding input/output 
request from those processors 210 numbered from 1 to I. A 
Second point is to know Subsequently the number of the 
input/output request from those numbered 1 to Jissued to the 
disk unit group 210 specified by the input/output request. 
0109. In the case where the segment management infor 
mation 1100 of the requested track 800, is being used by 
Some other input/output request, it is not particularly nec 
essary to manipulate the Segment management information 
1100. Finally, at step 1917, the requesting processor 210 is 
notified that the processing of the corresponding input/ 
output request is in a wait State because the execution thereof 
cannot be started due to Some other input/output process 
being executed. After this, the processing in the input/output 
receipt part 1800 is terminated. 
0.110) If the answer to step 1900 is no, processing pro 
ceeds to step 1918. In step 1918, there is execution of a 
process required for the input/output request which does not 
require any access to the disk unit 204. The Specific contents 
of this process is not directly related to the present invention 
therefore it is not described further in detail. Thereafter, the 
processing is ended. 
0111 FIG. 20 is a flowchart showing the write after 
process schedule part 1801. The right after process schedule 
part 1801 executes during a time the director 205 is inactive. 
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0112. As shown in FIG. 20, step 2000 defines the disk 
unit group 210 for the write after. Because the method of this 
Step is not directly related to the present invention, the 
detailed description thereof is omitted. In step 2001, a 
determination is made if there is an inactive disk unit 204 
other than the master disk unit found in the requested disk 
unit group 211. The Specific contents of the process of this 
step 2001 is given. With the exception of the master disk, a 
disk unit information 1601 in which the processor input/ 
output execution bit 1701, write after execution bit 1702 and 
independent stage execution bit 1703 are all off is searched 
for. If it cannot be found, the negative result of step 2001 
indicates that the write after process cannot be executed and 
processing proceeds to the end and the right after proceSS 
schedule part 1801 is terminated. If found, that is if there is 
an affirmative answer to step 2001, the write after execution 
bit 1702 in the disk unit information 1601 found with step 
2001 is turned on with step 2002. 
0113. In step 2003, a determination is made if the disk 
unit 204 found in the step 2001 has any track 800 which can 
execute the write after process. The Specific check informa 
tion is the segment management information 1100 with the 
on-bit in the updated record map 1203 for disk unit 204 
selected from the track table 1101. Also, it is necessary that 
Such Segment management information 1100 is not in use for 
Some other process request. Thus, the active flag 1205 in the 
segment management information 1100 must be off. This is 
another condition required to execute the write after process. 
If the answer to the determination in step 2003 is no, Step 
2004 turns off the write after execution bit 1702 and the 
processing of the write after process schedule part 1801 is 
terminated. If the answer to the determination of step 2003 
is yes, step 2005 will select the track 800 for the write after 
process. If there are a plurality of tracks 800 which can be 
used for executing the write after process, one must be 
selected. However, the selection of the track 800 among a 
plurality of Such tracks is not related to the present invention 
and its description is omitted. 
0114. In step 2006, the active flag 1205 in the segment 
management information 1100 for the track 800 selected at 
the step 2005 is turned on. At step 2007, pointer 1704 to the 
Segment management information 1100 assigned to the 
selected track 800 for the corresponding input/output request 
is Set. At Step 2008, a positioning process request is issued 
to the disk unit 204 selected at the step 2001. After this, the 
processing of the write after process schedule 1801 is 
terminated. 

0115 FIG. 21 is a flowchart showing the independent 
Stage proceSS Schedule part 1802, which executes during the 
time that the director 205 is in an inactive state. In step 2100, 
the disk unit group 211 which executes a Stage process 
independently of the processor 210 is defined. This step is 
not directly related to the present invention and accordingly 
a specific description is omitted. In Step 2101, a determina 
tion is made if the disk unit group 211 found in step 2100 has 
a track 800 for executing the staging independently of the 
processor 210. This step is not directly related to the present 
invention and therefore its specific description is omitted. If 
no track 800 is found in step 2101, the processing in the 
independent staging schedule part 1802 is terminated. If the 
answer to the determination of step 2101 is yes, step 2102 
is performed. In step 2102, a track 800 is selected for the 
execution of the Staging performed independently of the 
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processor 210. If there are a plurality of tracks 800 that can 
be used to execute the Stage process independently of the 
processor 210, a track 800 from among the plurality must be 
selected. However, the selection of a specific track 800 itself 
is not related to the present invention So that the Specific 
description thereof is omitted. 
0116. In step 2103, a segment management information 
1100 is assigned to the track 800 selected in the step 2102. 
The track 800 which should be used for executing the 
staging independently of the processor 210 is not a track 800 
Staged in the cache 206. This assignment method is the same 
as shown and described previously with respect to step 1902. 
Also, the Store completion flag 1204 in the assigned Segment 
management information 1100 is turned off; the active flag 
1205 is turned on. 

0117. In step 2104, it is determined if there is a disk unit 
that is in the inactive State in the disk unit group defined in 
the step 2100 for the input/output processing. The specific 
processing for step 2104 is the same as that of step 1908 and 
hence a specific description thereof will be omitted. If the 
determination of Step 2104 is negative, that is if no inactive 
State disk unit is found, it is impossible to execute the Staging 
independently of the processor 210 and as a result the 
Segment management information 1100 assigned at Step 
2103 is returned to the empty segment que 1400 and 
thereafter the processing in the independent Stage process 
Schedule 1802 is terminated. If the answer to the determi 
nation in Step 2104 is yes, that is if an inactive disk unit is 
found, step 2106 is performed to turn on the independent 
stage execution bit 1702 in the disk information 1601 found 
at the step 2103. 
0118. In step 2107, a pointer 1704 to the segment man 
agement information 1100 assigned to the selected track 800 
by the corresponding input/output request is Set. In Step 2108 
a positioning process request is issued to the disk unit 204 
selected in step 2100. Thereafter, the processing in the 
independent Staging Schedule 1802 is terminated. 

0119 FIG. 22 is a flowchart for the disk unit read/write 
transfer part 1803 of FIG. 18. Execution by the disk 
read/write unit transfer part 1803 is started when the director 
205 is informed that the positioning of the disk unit 204 is 
completed. 

0120 In step 2200, a segment management information 
1100 pointed to by the segment management information 
pointer 1704 in the disk unit information 1601 for the 
corresponding disk unit 204 is Selected. Hereinafter, a 
Simple description of the Segment management information 
1100 means the segment management information 1100 
selected at the step 2200 unless otherwise specified. Also, a 
Simple description of the information in the Segment man 
agement information 1100 means the information in the 
Segment management information 1100 Selected at the Step 
2200 unless otherwise specified. 

0121. In step 2201, a determination is made if the pro 
cessor input/output execution bit 1701 in the disk informa 
tion 1601 for the corresponding disk unit 204 is on. If the bit 
is not on, it indicates that the input/output process currently 
in execution is not a process for the input/output request 
received from the processor 210 and processing proceeds to 
step 2212. If the determination in step 2201 is yes, that is if 
the execution bit 1701 is on, it indicates that the input/output 
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process currently in execution is the proceSS for the input/ 
output request received from the processor 210. Accord 
ingly, in Step 2202, the completion of positioning is com 
municated to the processor 210 and processing continues 
with connection of the control unit 203 to the processor. 
0122) In step 2203, a determination is made if the input/ 
output request received from the processor is a write request. 
If the determination is no, that is, in the case of a read 
request, processing proceeds to Step 2209. 
0123. In the case of a write request, the data is received 
from the processor 210 in step 2204 and written to the disk 
unit 204 and in the segment 1000 assigned to the corre 
sponding Segment management information 1100. However, 
the number of the cell 901 where the data in the request 1000 
is to be written should be identified before the write execu 
tion described above Starts, because the data to be written in 
the segment 1000 must be written at a position correspond 
ing to the cell 901 thus identified. Further, the updated 
record bit map 1203 for all the disk units 204 other than the 
master disk unit in a Segment management information 1100 
is Selected. In other words, the corresponding bit to the cell 
901 identified as above in the updated record bit map 1203 
is turned on. The write data received from the processor is 
also thereby written to the cache; thereafter, the completion 
of the input/output process is communicated to the processor 
210. 

0.124. In step 2205, a determination is made if the storing 
completion flag 1204 is on, by checking the corresponding 
segment management information 1100. If the determination 
is yes, processing proceeds to Step 2215 because the records 
900 on the processed track 800 are staged in the segment 
1000. If the answer is no indicating that the storing comple 
tion flag 1204 is off, the record 900 from the process track 
800 is not staged in the segment 1000. Consequently, the 
proceSS proceeds to Step 2206. 
0.125. In step 2206, the bit position of the record bit map 
1202 corresponding to the number of the cell 901 identified 
in step 2204 is turned on. 
0126. In step 2207, the remaining record 900 and the 
track 800 currently in execution to the segment 1000 is 
Staged. In this case, it is also necessary to execute the 
following process while identifying the number of the cell 
901 in the stage object record 900. First, the record 900 to 
be staged is also staged at a position corresponding to the 
identified cell 901 in the segment 1000. Also, the bit position 
of the record bit map 1202 corresponding to the number of 
the identified cell 901 is turned on. Then, with the storing 
completion flag 1204 turned on in step 2208, the processing 
proceeds to step 2215. 
0127 Step 2209 is reached from a no determination in 
step 2203. In step 2209, a determination is made as a part of 
a read request received from the processor 210. In step 2209, 
it is determined if the store completion flag 1204 in the 
subject segment management information 1100 is on. If the 
determination in Step 2209 is yes, processing proceeds to 
step 2210 to transfer the requested record 900 to the pro 
cessor 210. The record 900 has already been stored in the 
segment 1000. Consequently, in step 2210 the requested 
record 900 in step 2210 is transferred from the disk unit 204 
to the processor 210. Then the completion of the input/ 
output proceSS is communicated to the processor 210 and 
processing proceeds to Step 2215. 
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0128 If the determination in step 2209 is negative, that is 
if the store completion flag 1204 is off, the record 900 on the 
subject track 800 currently in execution is not staged in the 
segment 1000. Therefore, process step 2211 is executed. At 
step 2211, while being transferred to the processor 210 from 
the disk unit 204, the requested record 900 is staged in the 
segment 1000 of cache 206. Also, in step 2211, it is 
necessary to execute the proceSS given below while identi 
fying the number of a cell 901 of the stage record 900. First, 
the record 900 to be staged in a segment 1000 is also written 
at a position corresponding to the identified cell 901. Fur 
ther, the bit for the corresponding number of the identified 
cell 901 in the record bit map 1202 in the selected segment 
management information 1100 is turned on. After this the 
completion of the input/output proceSS is communicated in 
the processor 210. Subsequently, processing proceeds to Step 
2207, which has been described above, to stage the remain 
ing record 900 in the subject track 800. 
0129. With the negative determination from step 2201, 
step 2212 is reached. In step 2212, it is determined if the 
write after execution bit 1702 in the disk unit information 
1601 for the corresponding disk unit 204 is on. If the answer 
is no, that is if the bit is off, the processing proceeds to Step 
1214 to execute the Stage process independently of the 
processor 210. In step 2214, all the records on the track are 
Staged to the cache and the corresponding record bit map is 
Set and the Storage completion flag is turned on. 

0130. If the determination in step 2212 is yes, step 2213 
will write the write after record to the disk unit. All the 
identified write after records are identified by the subject bit 
map 1203 in the defined Segment management information 
1100. After this, the entire updated record bit map 1203 for 
the corresponding disk unit 204 is cleared, that is set to 0. 
Subsequently, the processing proceeds to Step 2215. 

0131. In step 2214 reached with a no answer from steps 
2212, the Stage proceSS is executed independently of the 
processor 210. Specifically, all the records 900 on the subject 
track 800 are staged in the segment 1000 of the cache. It is 
also necessary to execute the following process while iden 
tifying the number of the cell 901 in the stage record 900. 
First the record 900 to be staged in the segment 1000 is also 
written at a position corresponding to the identified cell 901. 
Further, the following process is performed for the record bit 
map 1202 in the Subject Segment management information 
1100. In other words, the bit position of the record bit map 
1202 corresponding to the identified cell 901 is turned on. In 
addition, the store completion flat 1204 is turned on. 
0132) The termination process proceeds from step 2215. 
In step 2215, reached from various other steps 2214, 2213, 
a yes answer from step 2205, and step 2208. In step 2215, 
the active flag 1205 in the Subject Segment management 
information 1100 is turned off. 

0133. In step 2216 all the bits in the process I/O execution 
bit 1701, write after execution bits 1702 and independent 
stage execution bit 1703 in the disk unit information 1601 
for the corresponding disk unit 204 are turned off, which will 
show the inactive state for the disk unit 204. 

0134) Finally, in step 2217, the following process is 
executed to release the wait State of the input/output request 
for which the processor wait bit 1602 for the corresponding 
disk unit group 211 is on. In other words, the waiting States 
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of all of the input/output requests defined by the processor 
210 numbered 1 to I and the input/output request numbers of 
1 to J according to the bits being turned on are released. 
Specifically, each of the processors is notified to issue its 
input/output request. In Summary, a Search is made against 
the input/output wait bit of the input/output request which is 
in a wait State for the corresponding disk unit group and the 
wait State is released. After this, the processing in the disk 
unit transfer part 1802 is terminated. 
0135). As mentioned previously, the second type of load 
distribution according to the present invention is the same as 
the above-described first type, except for Specifically men 
tioned differences. Some of these differences are given 
below. In the Second type of load distribution, according to 
the present invention, a disk unit 204 other than the master 
disk is preferably Selected for the read request requiring 
access to the disk unit group 211 and the Staging is per 
formed independently of the processor 210. The respective 
data structure shown in FIGS. 8 through 17 are adapted to 
the Second type of load distribution without any change even 
though they were described with respect to the first type of 
load distribution. The modular structure shown in FIG. 18 
that is necessary for executing the first type load distribution 
in director 205 can be adapted for the second type of load 
distribution as it is. Although the respective process flow of 
the modules in the input/output request receive part 1800 
and the independent Stage process Schedule part 1802 are 
slightly different from those in the first type of load distri 
bution, the process flow in the first type of load distribution 
for the other modular process is applicable without modifi 
cation to the Second type of load distribution. 
0.136 FIG. 23 is a flowchart showing the input/output 
request receive part 1800 in the second type of load distri 
bution of the present invention. The execution of the input/ 
output request receive part 1800 is started as in the case of 
the previously described first type of load distribution. 
Therefore, only the difference between the flowchart of FIG. 
19 of the first load distribution type and the flowchart of 
FIG. 23 of the second load distribution type will be 
described, and the similarities will not be repeated. In this 
respect, the Step numbers are identical where the contents of 
the process steps in FIG. 23 are exactly the same as those 
in the process steps in FIG. 19. The difference in the process 
flow of the flowchart of FIG. 23 and that of FIG. 19 is that 
a step 2300 is adopted in FIG. 23 instead of the step 1908 
in FIG. 19. 

0.137 In step 2300, a determination is made if any 
inactive disk unit other than the master disk is found. In Step 
2300, the selection is preferably made to determine if the 
disk unit 204 other than the master disk is in an inactive 
State. This is because the Second type of load distribution, for 
a read request requiring access to the disk unit group 211, 
selects a disk unit 204 other than the master disk. Specifi 
cally, the following information in the disk unit information 
1601 for each disk unit 204 other than the master disk is 
checked. In other words, the processor input/output execu 
tion bit 1701, write after execution bit 1702 and independent 
stage execution bit 1703 are checked to determine whether 
all the bits are off, for those disk units other than the master 
disk unit. If there is an inactive disk unit 204, a yes 
determination from Step 2300, processing proceeds to Step 
1909 to select such disk unit 204, and then the same process 
as described with respect to FIG. 19 proceeds. If there is no 
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inactive disk unit 204, that is if the answer to the determi 
nation of Step 2300 is no, the processing proceeds to Step 
1906 to check whether the master disk is inactive, and the 
processing follows the process flow already shown and 
described with respect to FIG. 19. 
0.138. With the exception of the points given above, the 
process of FIG.23 is exactly the same as that shown in FIG. 
19 and the description thereof is omitted. 
0139 FIG. 7 is the flowchart of the independent stage 
process schedule part 1802 with respect to the second type 
of load distribution of the present invention. The execution 
of the independent stage process schedule part 1802 for the 
Second type of load distribution is Started the same as in the 
case of the first type of load distribution, already described. 
Subsequently, the difference between the process flow 
shown in FIG. 21 with respect to the first distribution load 
and the process flow shown in FIG. 7 will be described. In 
this respect, the Step numbers are identical where the con 
tents of processes and the process flow of FIG. 7 are exactly 
the same as those of the process flow in FIG. 21. 
0140. The process flow in FIG. 7 differs from that in 
FIG. 21 in the following points. First, when an inactive disk 
unit 204 is to be found Subsequently to the step 2102, an 
inactive disk unit 204 other than the master disk is found in 
the step 2400 in the case of the second type of load 
distribution according to the present invention. This is 
because of the preferred selection of the disk unit 204 other 
than the master disk unit in the Second type of load distri 
bution for the Stage process performed independently of the 
processor 210. The Specific proceSS is the same as that for 
step 2300 and the description thereof is omitted. If there is 
an inactive disk 204, the processing proceeds to step 2104 to 
Select Such inactive disk unit 204, and the Same process as 
in the first type of load distribution starts. If the disk unit 204 
other than the master disk unit is not in an inactive State, the 
master disk unit is checked in step 2401 to determine if it is 
inactive. The above process is the same as the proceSS in Step 
1906 and therefore the description thereof is omitted. If the 
master disk unit is inactive, the master disk unit is Selected 
in Step 2402. Specifically, the processor input/output execu 
tion bit 1701 in the disk unit information 1601 for the 
corresponding master disk is turned on. After this, the 
processing proceeds to Step 2107 to start the same process 
ing as already explained with respect to the first type of load 
distribution. If the master disk unit is not inactive, that is if 
it is active, the Staging process performed independently of 
the processor 210 cannot be executed. Hence, the processing 
proceeds to Step 2105 to Start the same process as already 
explained with respect to the first type of load distribution. 
With the exception of the above points, the process flow in 
FIG. 7 and the process flow in FIG.21 are exactly the same, 
and the description of these same parts will not be dupli 
cated. 

0.141. According to the present invention, it is possible to 
obtain a well balanced high performance and high reliability 
of a control unit with a cache having a function of writing 
the same data into all of the plurality of Separate Storages of 
a disk unit group comprising one or more disk units. This is 
because of the achievement of the distribution of an input/ 
output process between the disk units within a limit not 
losing any reliability and the improvement of the perfor 
mance of an input/output process executable by the control 
unit brought about by the present invention. 
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0142. While a preferred embodiment has been set forth 
along with modifications and variations to show specific 
advantageous details of the present invention, further 
embodiments, modifications and variations are contem 
plated within the broader aspects of the present invention, all 
as Set forth by the Spirit and Scope of the following claims. 

1-24. (canceled) 
25. A Storage System comprising: 
a first Storage unit; 
a Second Storage unit Storing identical data of the first 

Storage unit; and 
a controller connected to the first Storage unit and the 

Second storage unit, 
wherein, if the controller receives a read request from a 

host, the controller executes a first operation reading 
first data requested by the read request from the first 
Storage unit and executes a Second operation prefetch 
ing Second data corresponding to the first data read by 
the first operation from the Second Storage unit. 
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26. A Storage System according to claim 25, 

wherein a first data transfer operation corresponding to 
the first operation and a Second data transfer operation 
corresponding to the Second operation are executed in 
parallel. 

27. A Storage System according to claim 26, 

wherein the controller includes a memory, and 
wherein the controller Stores the Second data in the 
memory before executing the Second data transfer 
operation. 

28. A Storage System according to claim 27, further 
comprising a third Storage unit Storing identical data Stored 
in the first Storage unit, 

wherein the controller executes the Second operation by 
using the third Storage unit if the Second storage is used 
by another operation. 


