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[57] ABSTRACT 

Disclosed is a DASO access control method including 
storing information for identifying one data group in 
which an irrecoverable failure has occurred in the plu­
rality of data groups stored in each of the first and sec­
ond DASDs constituting the duplex DASO pair. A 
judgment is determined based on the stort:d information 
as to whether one data group has an irrecoverable fail­
ure which has occurred when the one data group held 
in either one of the first and second DASDs constitut­
ing the duplex DASO pair is accessed by one of the 
plurality of processing units. Access is allowed to the 
one data group in the one DASO by the one processing 
unit when the judgment results. in that the one data 
group has no irrecoverable failure which has occurred 
therein. Finally, the access is stopped to the one data 
group when the judgment results in that the one data 
group has an irrecoverable failure which has occurred 
therein. 
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1 
5,202,887 

ACCESS CONTROL METHOD FOR SHARED 
DUPLEX DIRECT ACCESS STORAGE DEVICE 

AND COMPUTER SYSTEM THEREFOR 

2 
impossible to obtain access on all the duplex data sets on 
the duplex DASDs. 

In other words, even when a partial failure occurs 
under the condition that alternative areas such as alter-

BACKGROUND OF THE INVENTION 

The present invention relates to a direct access stor­
age device (hereinafter referred to as DASO) shared by 

5 native tracks are insufficient, duplex access on the 
whole of the pair of duplex DASDs is made impossible. 
There arises a problem in that reliability on the DASDs 
is lowered remarkably compared with the case where 

a plurality of central processing units. 10 
In Japanese Patent Unexamined Publication Nos. 

duplex access is being executed. 
In the case where duplex access can be made, for 

example, at the time of access to different data sets, at 
the time of read only access, etc., a plurality of CPUs 
can obtain access to individual DASDs in parallel. 
However, when duplex access is made impossible by 

Sho-61-20148 and Sho-61-43356, there is provided a file 
controller connected independently of a DASO and 
logically divided into blocks to thereby carry out exclu­
sive control on each block as an access unit. 15 the blockade for one DASO, access from the plurality 

of CPUs is concentrated onto the other DASO to spoil 
the property of parallel processing of dispersing access 
to the two DASDs. Therefore, there arises a problem in 

On the other hand, in a computer system disclosed in 
Japanese Patent Unexamined Publication No. Sho-61-
32151, in which a plurality of central processing units 
share a pair of duplex DASDs, exclusive control of 
access to the shared duplex DASDs is carried out by 20 
using a hardware reserving function in which the whole 
of the DASDs is reserved or released by an exclusive 
control circuit in the DASDs or in a controller of the 
DASDs, or is carried out by communication of reserve 
or release requests between the plurality of central pro- 25 
cessing units. 

In a system disclosed in Japanese Patent Unexamined 
Publication No. Sho-61-62918, as a failure recovery 
procedure for one of a pair of shared duplex DASDs, 
the whole of the failed DASO is first blocked and then 30 
necessary data sets are reconstructed on a newly pro­
vided DASO, so that the operation of the pair of shared 
duplex DASDs is continued. 

Further, Japanese Patent Unexamined Publication 
No. Sho-61-67153 discloses a failure recovery method 35 

in which, in a case where a failure occurs in a DASO, 
a reserved area preliminarily secured is assigned as an 
alternative area to avoid a portion where the failure 
occurs. 

40 In the aforementioned conventional technology, in 
case of an occurrence of a failure in the DASDs, block­
ing control is carried out by DASO. In short, in the case 
where a partial failure occurs in a DASO, a reserved 
area is assigned as an alternative area for the failure 45 
portion so that the central processing unit can operate 
with no sense of the partial failure. Accordingly, not 
only in the case where access onto the whole DASO 
becomes impossible, but in the case where partial failure 
occurs frequently to make the alternative area insuffi- 50 
cient, the blocking procedure by the DASO is carried 
out. 

For example, in a magnetic disk device which is a 
kind of DASO, in most cases a "track" is used as a 
physical failure control unit. In other words, when a 55 
disk controller which has accepted an input/output 
request from a central processing unit detects an access 
failure portion in which reading/writing is impossible, 
the disk controller executes an alternative track assign­
ment to assign a track containing the failure portion to 60 
a reserved track. However, when a partial failure oc­
curs so frequently that all alternative tracks are drained, 
the whole disk device must be blocked even in the case 
where an access failure of one track occurs in the disk 
device. 65 

In the case that one DASO in a pair of duplex 
DASDs is blocked as described above, and a stationary 
access failure occurs on the other DASO, it becomes 

that processing performance of the computer system is 
lowered. 

In the aforementioned conventional technology, in 
order to construct a computer system using a pair of 
shared duplex DASDs, it is necessary that communica-
tion paths be between the CPUs for exclusive control or 
communication paths between the CPUs and a file, and 
a controller for executing exclusive control are pro-
vided so that the CPUs execute reserve or release of the 
data sets according to a specific communication proce­
dure. In other words, in the aforementioned conven­
tional technology, the same communication path as 
used in a standard input/output device is used both in 
the case of communication paths between the CPUs and 
in the case of comm..unication paths between the CPUs 
and a file controller. Accordingly, a series of proce­
dures such as command generation and data generation 
for the input/out channels, the starting of the input/out-
put channels, the input/output interrupt waiting, the 
input/output interruption, and the like, is required 
whenever communication is made. In a small-scaled 
computer system, processing overhead caused by the 
communication procedure cannot be neglected. 

Further, in the conventional technology in which a 
file controller is used to control access by a data set, 
there is a risk that when a plurality of CPUs are attempt­
ing access to the file controller simultaneously, one of 
the CPUs frequently obtains access to the file controller 
so that the access of the other CPUs to the file control­
ler is made difficult. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
DASO access control method in which a function as 
duplex DASDs is stopped only in a failure portion 
when a partial failure occurs in one DASO, and in 
which the duplex DASDs are used so as to be operated 
as one DASO with respect to the failure portion. 

Another object of the invention is to provide a 
DASO access control method in which, when one CPU 
stops, the reserve state can be forcedly released by 
another CPU. 

A further object of the invention is to provide a com­
puter system in which reserving or releasing of the data 
sets can be made with low overhead. 

In order to accomplish the above objects, according 
to an aspect of the present invention, the DASO access 
control method comprises the steps of: 

(a) storing information for identifying one data group 
in which an irrecoverable failure has occurred in 
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the plurality of data groups held in the first DASO 
and the second DASO which constitute the duplex 
DASO pair; 

4 
memory is in a reserved state with respect to the one 
processing unit. 

DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present inven­
tion will be apparent from the following description 
taken in connection with the accompanying drawings, 
wherein: 

(b) making a judgment based on the stored informa­
tion as to whether or not one data group has an · 5 
irrecoverable failure which has already occurred 
therein when the one data group held in either the 
first DASO or the second DASO constituting the 
duplex DASO pair is accessed by one of the plural­
ity of processing units; 

FIG. 1 is a block diagram of a computer system ac-
10 cording to the present invention; 

(c) allowing access to the one data group in the one 
DASO by the one processing unit when the judg­
ment results in determination that the one data 
group does not have an irrecoverable failure which 
has occurred therein; and 

(d) stopping access to the one data group when the 
judgment results in determination that the one data 
group has an irrecoverable failure which has oc­
curred therein. 

15 

According to another aspect of the present invention, 20 
the DASO access control method comprises the steps 
of: 

(a) storing reserve flags in a shared random access 
memory provided commonly to the plurality of 
processing units, the reserve flags respectively 25 
corresponding to the plurality of data groups held 
in each of the first and second DASDs constituting 
the duplex DASO pair, each of the reserve flags 
being provided to indicate whether or not the cor-
responding data group is in a reserve state; 30 

(b) reserving the random access memory for one of 
the plurality of processing units when the one pro­
cessing unit makes access to one of the plurality of 
data groups stored in one of the first and second 
DASO constituting the duplex DASO pair; 35 

(c) reading one reserve flag corresponding to the one 
data group from the random access memory; 

(d) rewriting the one reserve flag into a reserve indi­
cating state to thereby reserve the one data group 
when the readout one reserve flag is not in the 40 
reserve indicating state; and 

(e) releasing the reserve state of the random access 
memory and making access to the one data group 
by the one processing unit. 

According to a further aspect of the present inven- 45 
tion, the computer system comprises: 

a random access memory for storing a plurality of 
pieces of control information respectively correspond­
ing to a plurality of data groups held in a DASO and for 
controlling access from a plurality of processing units to SO 
the data groups; and 

an access control circuit connected to the plurality of 
processing units and the random access memory for 
controlling the execution of access from the plurality of 
processing units to the random access memory; 55 

the access control circuit including: 
reserving means for reserving the random access 

memory for one of the processing units in response to a 
random access memory reserve request instruction is­
sued by the one processing unit, and for releasing the 60 
reserve state in response to a random access memory 
reserve releasing request instruction issued by the one 
processing unit; and 

control means connected to the reserving means for 
controlling execution of access to one of the pieces of 65 
control information in the random access memory re­
quested by an instruction issued by one of the process­
ing units based on whether or not the random access 

FIG. 2 is a view showing the structure of one entry of 
a duplex data set control table (108) in a shared memory 
device (102) in FIG. l; 

FIG. 3 is a flow chart ofa data set writing procedure; 
FIG. 4 is a flow chart of a data set reading procedure; 
FIG. 5 is a flow chart of a data set reserving proce-

dure; 
FIG. 6 is a flow chart of a data set releasing proce­

dure; 
FIG. 7 is a view showing a data set blocking state at 

the time of access failure in a conventional control 
method; 

FIG. 8 is a view showing a data set blocking state at 
the time of access failure in the present invention; 

FIG. 9 is a block diagram of a system in which eight 
central processing units control the shared duplex data 
sets; 

FIG. 10 is a view showing an entry of a duplex con­
trol table for controlling exclusive and shared reserve 
used in the system depicted in FIG. 9; 

FIG. 11 is a detailed circuit diagram of the shared 
memory (102) used in the system depicted in FIG. l; 

FIG. 12 is a view showing data in an access control 
register (201) used in the system depicted in FIG. 11; 

FIG. 13 is a flow chart of a shared memory device 
reserving procedure; 

FIG. 14 is a flow chart of a shared memory device 
releasing procedure; 

FIG. 15 is a flow chart of a CPU alternating proce­
dure; and 

FIG. 16 is a flow chart of a shared disk device 
forcedly releasing procedure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before the preferred embodiments of the invention 
are specifically described, the operation thereof will be 
briefly described. 

One feature of the present invention resides in the fact 
that a plurality of CPUs using a shared duplex DASO 
pair have a shared storage device for exclusively con­
trolling data sets to thereby control the shared duplex 
DASO pair suitably. 

In short, one control information set for each data set 
for each DASO of the pair of DASDs forming the 
shared duplex DASO pair is recorded on the shared 
storage device. One control information set is com­
posed of three items: a "data set reserve flag" indicating 
that one data set is reserved so as to be read or written 
exclusively by one CPU; a "reserve CPU number" 
which operates as an identifier for identifying CPU 
securing the reserved state; and a "data set blockage 
flag" indicating that a stationary failure makes it impos­
sible to read or write the data set. 

A program operating in each of the CPUs serves to 
execute both exclusive control of a pair of duplex data 
sets on the shared duplex DASO pair and blockage 
control at the time of a failure of access to the shared 
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duplex DASO pair, by using the following control 
method. 

a). Duplex Data Set Reserving Procedure (In Reading) 

The method comprises the following steps. 
(1) The shared storage device is reserved. 

5 

6 
DASO, two information sets exist in each duplex 
data set). 

(3) The data set blockage flag contained in the con­
trol information set corresponding to the data set in 
which a failure has been detected is set to 1, and the 
reserve flag thereof is set to 0. 

(4) The shared storage device is released. (2) The control information corresponding to the 
data set to be read is searched. (Because one con­
trol information set exists in one data set on one 
DASO, two control information sets exist in each 
duplex data set). 

Another feature of the present invention is a means 
for setting the data set reserve flag on the shared storage 

10 device forcedly to 0. 
When a failure in another CPU is detected, the value 

of the data set reserve flag reserved by the other CPU is 
set to O by the method which comprises the following 
steps. 

(3) The reserve flags, the reserve CPU numbers and 
the blockage flags of the two searched control 
information sets are checked, and when at least one 
of the control information sets satisfies the condi­
tion "reserve flag=O and blockage flag=O", the 
reserve flag of the control information set is rewrit­
ten to 1 and the reserve CPU number is set to the 
identification number of the CPU; 

15 ( 1) The reserved state of the shared storage device by 

(4) The shared storage device is released. 
(5) The CPU executes reading for the data set on the 

DASO satisfying the aforementioned condition. 

b). Duplex Data Set Reserving Procedure (In Writing) 

The method comprises the following steps. 
(1) The shared storage device is reserved. 

20 

25 

(2) The control information corresponding to the 
data set to be written is searched. (Because one 
control information set exists in one data set on one 30 
DASO, two control information sets exist in each 
duplex data set). 

(3) The reserve flags, the reserve CPU numbers and 
the blockage flags of the two searched control 
information sets are checked, and when both the 35 
control information sets satisfy the condition "re­
serve flag=O and blockage flag=O", each of the 
reserve flags of the two control information sets is 
set to 1 and the reserve CPU number is set to the 
identification number of the CPU. 40 

(4) The shared storage device is released. 
(5) The CPU executes writing the same contents into 

the data sets on the two DASDs. 

the failed CPU is forcedly released. 
(2) The intra-system CPU reserves the shared storage 

device. 
(3) The control information satisfying the condition 

"reserve flag= 1 and reserve CPU number=failed 
CPU identification number" is searched in the con­
trol information in all the data sets recorded in the 
shared storage device. 

(4) The reserve flag of each of the control informa­
tion sets satisfying the aforementioned condition is 
set to 0. 

A further feature of the present invention resides in 
the fact that a plurality of CPUs using a shared duplex 
DASO pair have a shared storage device for executing 
exclusive control. The shared storage device is a stor­
age device in which read/write operations can be exe-
cuted in accordance with an ordinary instruction from 
each CPU, and by which the procedure of generating 
channel commands or the procedure of 1/0 completion 
interruption in 1/0 processing through 1/0 channel de­
vices as in a conventional file controller can be omitted, 
so that the overhead for the exclusive control can be 
reduced. 

A still further feature of the present invention resides 
in the fact that the shared storage device is provided 
with an exclusive control circuit having an alternating 
access control circuit for suppressing continuous access 
of one CPU, by which when competition between 
CPUs exists with respect to access therefrom, continu-

45 ous access from one CPU can be prevented. The alter-
(1) The shared storage device is reserved. nating access control circuit comprises registers for 

c). Duplex Data Set Releasing Procedure 

(2) The control information corresponding to the registering all the CPUs currently issuing access re-
data set with respect to which reading or writing is quests to the shared storage device, and a reserve circuit 
to be ended is searched. (Because one control infor- for accepting t}:ie requests of the CPUs registered in the 
mation set exists in one data set on one DASO, two so registers. 
control information sets exist in each duplex data As described above, a control information set (per 
set). one data set) composed of three items "data set reserve 

(3) The reserve flags, the reserve CPU numbers and flag", "reserve CPU number" and "data set blockage 
the blockage flags of the two searched control flag" is provided between a plurality of CPUs using a 
information sets are checked, and when at least one 55 shared duplex DASO pair (comprising a pair of 
of the control information sets satisfies the condi- DASDs). By controlling the CPUs by the aforemen-
tion "reserve flag= 1 and reserve CPU number=- tioned method, data set access in the shared DASO pair 
CPU identification number", the reserve flag of the can be exclusively controlled for each data set. Accord-
control information set satisfying the condition is ingly, even in the case where a partially stationary fail-
set to 0. 60 ure of the DASO pair occurs, each data set containing 

(4) The shared storage device is released. a failed portion can be partially blocked. 
Further, by providing both a function of forcedly 

d). Data Set Blocking Procedure In Detecting Failure releasing the reserved state set by another CPU and a 
(1) The shared storage device is reserved. function of resetting the data reserve flag set by the one 
(2) The control information corresponding to the 65 CPU, the condition that the reserved state of the data 

data set in which a failure has been detected in set used by one CPU cannot be released in the case 
writing or in reading is searched. (Because one where the CPU suddenly stops because of a failure or 
control information set exists in one data set on one the like can be prevented. 
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Reading and writing recording data in the shared 
storage device can be carried out based on a shared 
storage device access instruction directly executed by a 
CPU. 

Continuous access by a specific CPU to the shared 5 
storage device can be prevented as follows. That is, the 
exclusive control circuit of the shared storage device is 
constituted by an alternating access control circuit by 
which when competition between two or more CPUs 
occurs with respect to access therefrom, after comple- 10 
tion of access by one CPU access by any other CPU is 
certainly allowed. 

Now, the preferred embodiments of the present in­
vention will be described in detail with reference to the 
drawings. FIG. 1 is a block diagram showing the con- 15 
figuration of the large-scale computer system according 
to the present invention. The large-scale computer sys­
tem according to the present invention has a single 
mode in which two instruction processors (hereinafter 
simply abbreviated to "1Ps")103-1 and 103-2 operate 20 
under the same operating system so as to serve as a 
single computer, and a separate mode in which the two 
IPs 103-1 and 103-2 operate under individual operating 
systems respectively so as to serve as two independent 
computers. The central processing units 101-1 and 101-2 25 
are generally called service processors for performing 
operation and maintenance of the two IPs 103-1 and 
103-2 and the two input/output processors (hereinafter 
simply abbreviated to "IOPs") 114-1 and 114-2. In 
short, at the time of the starting of the large-scale com- 30 
puter, the central processing units perform both reset­
ting of the IOPs 114-1 and 114-2 and loading of a micro 
program. At the time of occurrence of a failure or at the 
time of maintenance, the central processing units per­
form both data reading from a pair of shared disk de- 35 
vices 110-1 and 110-2 and data writing therein to re­
serve the inside information of the IPs 103-1 and 103-2 
and the IOPs 114-1 and 114-2. 

Because the operation and maintenance of the IPs 
103-1 and 103-2 and the IOPs 114-1 and 114-2 must be 40 
carried out at any time and separately in the separate 
mode, the two central processing units 101-1 and 101-2 
are provided separately. Further, because the operation 
and maintenance must be conducted by one central 
processing unit 101-1 or 101-2 in the single mode, all the 45 
information must be obtained from the one central pro­
cessing unit 101-1 or 101-2. Accordingly, information 
recorded in a disk device, such as for example, informa­
tion pertaining to hardware construction, must be used 
so as to be shared by to the two central processing units 50 
101-1 and 101-2. 

For those reasons, the two central processing units 
101-1 and 101-2 are provided in this embodiment and 
share the disk devices 110-1 and 110-2. 

In FIG. 1, the central processing unit-A and the cen- 55 
tral processing unit-B have the same construction. If 
those central processing units are put under the same 
condition, the operations thereof are the same. Accord­
ingly, the operations of the central processing units will 
be understood sufficiently if the operation of only one 60 
of those central processing units is described. In short, 
the operation of one central processing unit-A 101-1 
will be explained hereunder. 

The inside of the central processing unit 101-1 is 
constituted by a main storage 112 for storing a program, 65 
a micro-processor 111 for executing the program, an IP 
adapter 106 for connecting the IPs 103-1 and 103-2 and 
IOPs 114-1 and 114-2, two disk device adapters 105, and 

8 
a shared memory adapter 104. These constituent parts 
are connected to each other through a common bus 113. 

An IP adapter 106 in the central processing unit 101-1 
is connected to the corresponding IPs 103-1 and 103-2 
and IOPs 114-1 and 114-2. Peripheral devices such as 
magnetic disk devices 115-1 and 115-2, communication 
control processors 116-1 and 116-2, line printers 117-1 
and 117-2, and card readers 118-1 and 118-2 are con­
nected to the IOPs 114-1 and 114-2, respectively. These 
peripheral devices are used based on a program operat­
ing on one IP 103-1 or 103-2, regardless of the central 
processing units 101-1 and 101-2. The shared disk de­
vices 110-1 and 110-2 are not peripheral devices con­
nected to the IOPs 114-1 and 114-2, so that they operate 
entirely independent of these peripheral devices. 

As described above, the central processing unit-A 
101-1 and the central processing unit-B 101-2 can take a 
single mode in which the central processing units serve 
as a single system, as a whole, having a hot standby 
structure in which the central processing unit-A 101-1 
and the central processing unit-B 101-2 are used as a real 
system and an alternative system respect;vely, and can 
take a separate mode in which the two central process­
ing units serve as two separate systems, namely, A side 
system and B side system which operate independently. 
In any case, the two central processing units 101-1 and 
101-2 share a pair of magnetic disk devices 110-1 and 
110-2 which are one kind of DASDs. 

Further, a mutual supervisory line 126 is connected 
between the central processing unit-A 101-1 and the 
central processing unit-B 101-2 so that each central 
processing unit supervises the operating condition of 
the other central processing unit. Signals for reporting 
machine-check interruption at the time of an occur­
rence of a hardware failure, signals periodically issued 
for inquiring of the other central processing unit 101-1 
or 101-2 about survival confirmation, and signals re­
sponsive to the inquiry from the other central process­
ing unit 101-1 or 101-2 are passed through the mutual 
supervisory line 126. 

In the following, the necessity of the duplex DASO 
pair is described. 

Generally, a central processing unit (101-1, 101-2) is a 
set of electronic circuit parts and the reliability thereof 
is one figure higher than that of a disk device (110-1, 
110-2) including mechanical parts. As an example, the 
MTBF (mean time between failures) of a central pro­
cessing unit (101-1) is not less than hundreds of thou­
sands of hours, whereas the MTBF of a disk device is 
not less than tens of thousands of hours. Accordingly, 
duplex disk devices are in most ~ used in a computer 
system requiring high reliability. In this embodiment, 
each of the central processing units 101-1 and 101-2 can 
make access to the two disk devices 110 1 and 110-2 
through two disk controllers 109-1 and 109-2 from the 
two disk device adapter 105. Those two disk devices 
110-1 and 110-2 take a shared duplex disk configuration 
in which the two disk devices hold data of the same 
contents. That is, data sets, such as "##SVPOS (120-1, 
120-2)" which store a program for controlling the re­
spective central processing units 101-1 and 101-2, 
"SCDSO (121-1, 121-2)"- "SCDS3 (124-1, 124-2)" 
which store the construction of peripheral devices con­
nected to the respective IOPs 114-1 and 114-2, 
"CPUMP (125-1, 125-2)" which store a micro-program 
for controlling the respective IPs 103-1 and 103-2, and 
the like, are doubly recorded on the pair or shared 
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duplex disk devices 110-1 and 110-2. Hereinafter, those performs writing in a duplex data set on the shared disk 
data sets are referred to as "duplex data sets". devices 110-1 and 110-2. The data set is written in a 

In the following, the shared memory device 102 is manner as follows. A corresponding 0-side and 1-side 
described. data set is reserved (Step 501). The detail of the reserv-

The shared memory device 102 stores data set exclu- S ing procedure is shown in FIG. 5. When the reserving 
sive control information, which will be described later, procedure results in a failure, occurrence of some ab-
necessary for embodying the present invention. Data normality is indicated, so that the data set write proce-
transfer between the memory device and an MPU 111 is dure is interrupted (Step 310). When the reserving pro-
carried out through the shared memory adapter 104 in cedure results in success, directory information of the 
each central processing unit 101-1 or 101-2. The shared 10 shared disk device #0 is read (Step 304) to detect the 
memory device 102 comprises an access control circuit physical position of the data set if the 0-side data set can 
107 connected to the two central processing units 101-1 be accessed (Step 303). Then, the operation of writing 
and 101-2, and a random access memory RAM 1143 the data set into the physical position is performed (Step 
including a duplex data set control table which stores 305). The writing operation for the 1-side disk is carried 
data set exclusive control information The access con- IS out in the same manner as that for the 0-side disk device 
trol circuit 107 makes the reserve-requiring central (Steps 306, 307, 308). When the writing operation is 
processing unit 101-1 or 101-2 access the shared mem- completed, the data set is released (Step 601). The detail 
ory device 102 monopolistically so that the other cen- of the data set release procedure is shown in FIG. 6. 
tral processing unit 101-2 or 101-1 cannot make access When an irrecoverable write error occurs in any one of 
to the shared memory device 102 before the central 20 the disk devices, the blocking state is indicated at the 
processing unit 101-1 or 101-2 releases the shared mem- time of the releasing of the data set. Accordingly, pa-
ory device 102. In the case where a stop state in which rameters EDV0 and EDVl are set to thereby report the 
the program cannot be executed occurs in the condition presence or absence of the occurrence of an error to the 
that the shared memory device is being reserved by one releasing procedure (Step 601). EDV0 and EDVl rep-
central processing unit 101-1 or 101-2, the other central 25 resent flags provided to indicate the occurrence of an 
processing unit 101-2 or 101-1 can forcedly cancel the irrecoverable error at the time of the shared disk #0-
reserved state. The access control circuit 107 will be side access and at the time of the shared disk #1-side 
described later in detail with reference to FIG. 11. access, respectively. When an error occurs, the corre-

The duplex data set control table 108 in the shared sponding flag EDV0 or EDVl is set to "l ". When there 
memory device 102 has one entry for a pair of duplex 30 is no error, each of the flags is set to "0", 
data sets, such as for example "##SVPOS (120-1, FIG. 4 is a flow chart ofa data set read procedure 401 
120-2)". The term "data set" means one logical control in which one central processing unit performs reading 
unit used for avoiding overlapping of the program areas from one data set on the shared disk devices. The data 
when one program operating on the central processing set is read in a manner as follows. A corresponding 
unit 101-1 or 101-2 uses the disk device 110-1 or 110-2. 35 0-side and 1-side data set is reserved (Step 501). The 
In short, the term "data set" is similar in concept to the detail of the reserving procedure is shown in FIG. 5. 
term "file" used generally. When the reserving procedure results in a failure, oc-

FIG. 2 is a view showing the structure of one entry of currence of some abnormnality is indicated, so that the 
the duplex data set control table 108. One entry has a data set read procedure is interrupted (Step 410). When 
length of 36 bytes: the initial 32 bytes used for recording 40 the reserving of the 0-side data set results in success 
the data set name (represented by 201) of the duplex (Step 403), directory information of the shared disk 
data set; the next 2 bytes used for recording exclusive device #0 is read (Step 404) to detect the physical posi-
control information pertaining to the shared disk device tion of the data· set. Then, the operation of reading the 
#0 110-1 side data set; and the final two bytes used for data set from the physical position is performed (Step 
recording exclusive control information pertaining to 45 405). Also in the case where reserving of the 1-side disk 
the shared disk #1 110-2 side data set. In each of these device results in success (Step 406), the same reading 
2-byte control information fields, 13 bits (represented operation as the 0-side reading operation is made (Steps 
by 205) except the initial 3 bits are not used. 407 and 408). When reading operation is completed, the 

The exclusive control information pertaining to the data set reserved by the central processing unit is re-
shared disk #0-side data set is composed of a 0-side data SO leased (Step 60i). The detail of the releasing procedure 
reserve flag 202-1 for judging whether or not the data is shown in FIG. 6. When an irrecoverable read error 
set identified by the data set name 201 in the shared disk occurs in any one of the disk devices, the blocking state 
#0 110-1 is in a reserved state, a 0-side data set reserve is indicated at the time of the releasing of the data set. 
central processing unit number 203-1 for indicating the Accordingly, parameters EDV0 and EDVl are set to 
central processing unit 101-1 or 101-2 reserving the data SS thereby transmit the presence or absence of the occur-
set when the reserve flag 202-1 is switched on, and a rence of an error to the releasing procedure (Step 601). 
0-side data set blockage flag 204-1 for indicating that the FIG. 5 is a flow chart of the data set reserving proce-
data set is in an access-disabled state. The exclusive dure 501. The duplex data set control table 108 (FIG. 1) 
control information 202-2, 203-2 and 204-2 pertaining to must be accessed to reserve a certain data set, so that the 
the shared disk #1-side data set has the same structure. 60 shared memory device 102 must be reserved (Step 

As described above, the duplex data set control table 1301). The detail of the shared memory reserving pro-
108 has two exclusive control information sets, that is, a cedure is shown in the shared memory reserving proce-
shared disk #0 110-1 side exclusive control information dure 1301 in FIG. 13. When the shared memory device 
set and a shared disk #1 110-2 side exclusive control 102 reserving procedure results in a failure (Step 503), 
information set, corresponding to a pair of duplex data 65 the shared memory device 102 reserving procedure 
sets. 1301 is retried after waiting for about tens of msec (Step 

FIG. 3 is a flow chart of a data set write procedure 507) if the number of times in the reserving failure is 
301 in which one central processing unit 101-1 or 101-2 within a predetermined value (Step 504). If the number 
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12 
of times is over the predetermined value, occurrence of set designated by the release request is carried out 
abnormality pertaining to the shared memory device (Steps 1301, 503, 504, 505, 507, 508). 
102 access is supposed so that the current position of the When the reserve CPU number 203-1 of the 0-side 
procedure advances to a reserving failure exit (Step data set in the coincidence entry has a value corre-
506) after a shared memory reserving failure procedure 5 sponding to the reserve requesting central processing 
such as reporting of a failure to an operator (Step 505). • unit (intra-system central processing unit) (Step 602) 
When the reserving of the shared memory device 102 and when the value of the 0-side reserve flag 202-1 is 
results in success (Step 503), an entry having a data set "1" (Step 603), the reserve flag 202-1 is set to "0". Fur-
name according with the data set name requested to be ther, when the occurrence of an error in the read/write 
reserved is detected from all entries of the duplex data 10 operation of the 0-side data set is indicated, that is, when 
set control table 108 (Step 508). EDV0 is "l" (Step 605), the 0-side blockage flag 204-1 

When the reserve request is in a data set write mode is set to "1 ". The same procedure is applied to the 1-side 
(Step 509), both the 0-side and 1-side reserve flags 202-1 data set (Steps 607, 608, 609, 610, 611). After the afore-
and 202-2 (FIG. 2) of the detected entry are set to "1" mentioned operation of the releasing procedure is com-
(Step 516) in the case where both the two reserve flags 15 pleted, the shared memory device is released (Step 
202-1 and 202-2 are "0" or in other words in the case 1321) and then the data set releasing procedure 601 is 
where both the data sets of the two disk devices 110-1 terminated (Step 613). 
and 110-2 are not reserved (Step 510), and then, a value In the following, the structure and operation of the 
indicating the reserve requesting central processing unit shared memory device 102 are described. 
(intra-system CPU) is set as the reserve CPU number 20 FIG. 11 is a circuit diagram showing the connection 
203-1, 203-2 in the entry (Step 517). When the intra-sys- between the central processing units 101-1, 101-2 and 
tern central processing unit is the A-side one, this value the shared memory device 102. The central processing 
is set to "0", when it is the B-side one, this value is set units 101-1 and 101-2 have the same construction. Ac-
to "1". cordingly, the central processing unit 101-1 is mainly 

After the setting is completed, the shared memory 25 explained hereunder. 
device 102 is released (Step 1321) and then the proce- A micro-processor 111 is provided within the central 
dure is terminated at an ordinary exit (Step 519). If at processing unit 101-1 so as to execute a program as a 
least one of the reserve flags 202-1 and 202-2 is "1" central processing unit. Accordingly, the access control 
(Step 510), or in other words, if the data set kept in at onto the shared disk devices 110-1 and 110-2 is carried 
least one of the two shared disk devices as a target of 30 out according to the program executed by the micro-
reserve is reserved by the other CPU 101-1, or 101-2, processor 111, and the duplex data set control table 108 
the shared memory device 102 is once released to wait placed on the random access memory (RAM) 1143 in 
for the releasing of the reserved data set (Step 1321). If the shared memory device 102 is accessed. 
the number of times in a data set reserving failure is The fact that the central processing unit 101-1 exe-
within a predetermined value (Step 512), the data set 35 cutes the reading and writing of exclusive control infor-
reserving procedure (Step 1301) is carried out after mation on shared memory device 102 means that the 
waiting for about tens of msec (Step 515). If the number micro-processor 111 reads data recorded on the ARAM 
of times in data set reserving is over the predetermined 1143 in the shared memory device 102 and writes data 
value (Step 512), occurrence of abnormality pertaining in the RAM 1143 in the shared memory device 102. 
to the data set reserving is supposed so that the proce- 40 In the circuits in the shared memory device 102, 
dure is terminated at a reserving failure exit (Step 514) portions other than an address bus 1140, a data bus 1141, 
after a data set reserving failure procedure (513). a control bus 1142 and the RAM 1143 form an access 

When the data set reserve request is in a data set read control circuit 107 for exclusively controlling the 
mode (Step 509), a judgment is first made as to whether shared memory access of the two central processing 
or not the blockage flag 204-1 (FIG. 2) for the 0-side 45 units 101-1 and 101-2. The access control circuit 107 is 
data set of the detected entry is "1" (Step 520), because mainly composed of a bus select circuit 1146, a reserve 
the procedure is completed by reserving one access- circuit 1145, and a force release circuit 1144. 
enabled data set. If the flag is "0" (there is no blockage), In the following, a method in which the microproces-
a judgment is made as to whether or not the data set is sor 111 makes jl.Ccess to the shared memory device 102 
reserved {whether or not the flag 202-1 is "1 ") (Step SO is described. 
521). If the data set is not reserved, the 0-side reserve An access request from the micro-processor 111 to 
flag 202-1 is set to "1" (Step 522) and then a value corre- the shared memory device 102 is generated based on an 
sponding to the intra-system central processing unit is instruction, such as MOVE.B & H7F008000,D3 (to 
set in the reserve CPU number 203-1 (Step 523). When store one-byte's data from the address '7F008000' into 
the 0-side data set is blocked (Step 520) or reserved SS the least significant byte of data register No. 3 provided 
(Step 521), the same procedure as in the 0-side data set within the micro-processor 111), MOVE.B 
is applied to the I-side data set (Steps 524, 525, 526, D4,&H7FOCXX)()() (to store the least significant byte of 
527). If the I-side data set is also blocked (Step 524) or data register No. 4 provided within the micro-processor 
reserved (Step 525), the reserving operation (Steps 512, 111 into the address '7FOCXX)()()'), and the like, and 
SIS, 1301) is retired after the shared memory device 102 60 reaches the shared memory adapter 104 through a com-
is once released in the same manner as in the writing mon bus 112 connected to the micro-processor 111. 
procedure. The shared memory adapter 104 receives data flow-

FIG. 6 is a flow chart of the data set releasing proce- ing in the address bus 111 through an address decoder 
dure 601. Also in the data set releasing procedure, the 1104 and turns on a signal line 1105 indicating coinci-
shared memory device 102 of FIG. 1 is first reserved as 65 dence of the address if the address has a value within an 
in the case of the data set reserving procedure and then address range allocated to the shared memory device 
a procedure for finding a coincidence entry of the du- 102. In this embodiment, the address range allocated to 
plex data set control table 108 corresponding to the data the shared memory device 102 is from '7FOOOOOO' to 
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'7FOOFFFF'. Accordingly, the address decoder 1104 is 
established to generate a coincidence signal when the 
most significant 16 bits A31-A16 of the address bus 
1101 form '7FOO'. When the signal line 1105 is turned 
on, a both-direction driver 1106 is turned to an enabled 
state so that the signal in the common bus 112 in the 
central processing unit 101-1 flows in signal lines 
1107-1, 1108-1, 1109-1 connecting between the central 
processing unit 101-1 and the shared memory device 
102 and then reaches an A-side address bus 1118-1, a 
data bus 1119-1 and a control bus 1120-1 in the shared 
memory device 102. 

14 
In the following, the operation of the access control 

circuit 107 is described with reference to FIG. 11. 
In FIG. 11, the access control circuit 107 is designed 

to satisfy the aforementioned specification pertaining to 
S the operation of the access control register 1201. This 

circuit is composed of a circuit used for the central 
processing unit-A 101-1, and a circuit used for the cen­
tral processing unit-B 101-2, the circuits being similar to 
each other. Accordingly, the circuit for the central 

10 processing unit-A 101-1 is mainly explained and the 
circuit for the central processing unit-B 101-2 is not 
explained except for different points between these 
circuits. When the address does not coincide, the both-direc­

tion driver 1106 is not in the enabled state so that the 
driver is kept in a broken state in the inside thereof. As 15 

a result, the signal in the common bus 112 in the central 
processing unit 101-1 does not flow into the shared 
memory device 102. 

First, the reserve circuit 1145 for controlling the 
reserve state of the shared memory device 102 of the 
access control circuit 107 is described. The reserve 
request register 1122-1 registers the request to reserve 
the shared memory device 102, of the central process­
ing unit 101-1. The writing in the register 1122-1 is 
carried out based on the address decoder 1112-1 when 
the least significant 16bits of the address bus 1111-1 take 
the value of '0000'. The value written in the register is 

As described above, the central processing unit 101-1 20 
can make access to the shared memory device 102 based 
on general instruction such as MOVE instruction or the 
like. . the value of the least significant bit DO of the data bus 

The address at the time of access on the shared mem- 1121-1 in the writing timing designated to the control 
ory device 102 is as follows. 25 bus 1123-1. 

'7FOOCXXJO' Access control register 1201 

'7F008000' ) 
f RAM 1143 

'7FOOFFFF' 

The value of the reserve request register 1122-1 is fed 
to an enable terminal of the both-direction driver 1135-1 
through the output line 1124-1 via two stages of flip­
flop circuits 1125-1 and 1129-1. In short, the primary 

30 object of the access control circuit 107 is in that only 
one of the drivers 1135-1 and 1135-2 respectively used 

The meaning of the access control register 1201 is as for the central processing unit-A 101-1 and the central 
shown in FIG. 12. processing unit-B 101-2 is turned to an enable state by 

Before the operation of the access control circuit 107 the operation of the access control circuit. In short, the 
will be described, the method of using the access regis- 35 fact that the reserve of the shared memory device 102 
ter 1201 is described with reference to FIG. 12. results in success means the fact that the signal having 

Registers and logical gates are assigned to suitable the value of "l" is fed to the signal lines 1137-1 and 
1136-1 or the signal lines 1137-2 and 1136-2. 

positions (in this embodiment, '?FOOOOOO' in the mem- To realize this, an AND gate 1128-1 is provided be-
ory space of the micro-processor lll) in order to carry 40 tween the two stages of flip-flop circuits 1125-1 and 
out necessary control at the time of shared memory 1129-1. In the case the reserve request from the central 
access of the micro-processor 111, so that the access processing unit-B 101-2 has been accepted at the point 
control register 1201 is used as a "register" controlled of time when the reserve request from the central pro-
according to the program operating on the micro- cessing unit-A 101-1 is generated, the signal line 1131 
processor 111. 45 takes the value of"l" so that the D input of the flip-flop 

In the access control register 1201, the least signifi- circuit 1129-1 takes the value of "O" to thereby make it 
~an_t bi_t DO 1204 is a reserve request RESVREQ ~it impossible to accept the reserve request from the cen-
md1catmg a req~est to access_the shared memory device tral processing unit-A 101-1. On the contrary, in the 
102; the next . bit Dl 1203 is a reserve a~knowledge case where the~e is no reserve request coming from the 
RESV ACK bit for the shared memory devi~ 102; and so central processing unit-B 101-2, the signal line 1131 
the bit D7 1202 as the ~venth-power of 2 is _a force takes the value of "O" so that the D input of the flip-flop 
release FORCEREL bit for forcedly cancelmg the circuit 1129-1 takes the value of "1" to make the value 
reserved state by the other-system central processing of the Q output thereof"}" to thereby make the reserve 
unit 101-2. When the RESVREQ bit is set to "1", the result in success. 
access control circuit 107 reports, using the RESV ACK S5 Each of the flip-flop circuits 1125-1 and 1129-1 is of a 
bit, whether or not the reserve is completed. The RES- type in which an input is received in the D terminal at 
V ACK bit of "0" indicates non-completion of reserve. a leading edge of a timing pulse given to the clock 
The RESV ACK bit of "1" indicates completion of terminal and the input value is sent out from the Q 
reserve. The RESVREQ bit is set by writing of the terminal at the next trailing edge of the timing pulse. 
value of "l" and reset by writing of the value of "O". 60 When a clock generator 1133 for forming input timing 
The RESV ACK bit is set by the completion of the or output timing produces clock pulses having a fre-
reserve and reset by the resetting of RESVREQ. When quency not less than about 10 MHz, the pitch of the 
the value of "1" is written in the FORCEREL bit, the input timing of the flip-flop circuit can be reduced to be 
reserve of the other central processing unit 101-2 is not more than 0.1 µ,sec so that the value of the reserve 
forcedly canceled. The FORCEREL bit takes the value 65 request register 1122-1 can be inputted at this pitch. On 
of "l" in the moment the value of "l" is written in the the other hand, the instruction execution period of the 
bit. Except the moment, the FORCEREL bit is always central processing units 101-1 and 101-2 is not less than 
reset to "0". about 0.3 µ,sec, and therefore, even if the contents of the 
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16 
reserve request register 1122-1 is rewritten at the high- of "1". When the central processing unit-B 101-1 side 
est speed, the request can be accepted at a sufficiently reserve request is released under this condition, the 
high speed without missing the change of the value of output of the flip- flop circuit 1129-2 is turned to "O" for 
the reserve request register 1122-1. at least one clock period. As a result, the output of the 

The reserve control based on the RESVREQ bit 1204 5 AND gate 1128-1 is turned to "1 ", so that the reserve 
can be carried out as described above. To send out the request of the central processing unit-B 101-2 is cut off 
RESV ACK bit 1203, the output of the flip-flop circuit by the AND gate 1128-2 through the signal line 1130. 
1129-1 is connected to the data bus 1134-1 Dl as a sec- By these operations, the flip-flop circuit 1129-1 takes the 
ond least significant bit of the address '7FOOOOOOO' with value of"l", so that the central processing unit-A 101-1 
respect to the '7FOOOOOO' read request issued from the 10 side reserving procedure is completed. 
central processing unit-A 101-1. In short, the output line The access control circuit 107 of the shared memory 
1136-1 of the flip-flop circuit 1129-1 for indicating sue- device 102 operates as described above. 
cess in the reserve of the shared memory device 102 is FIG. 13 is a flow chart of the procedure 1301 of 
connected to the second least significant bit Dl 1134-1 reserving the shared memory device 102. As the shared 
of the data bus 1119-1 through the driver 1138-1, which 15 memory device 102 ma have been already reserved by 
is turned to an enable state when the micro-processor the other central processing unit 101-1 or 101-2, reserve 
111 reads the address '7FOOOOOO'. Accordingly, when retry is repeated 10 times at the maximum. A counter 
the address '7FOOOOOO' is read, completion or non-com- for the retry is set (Step 1302). The RESVREL bit 1204 
pletion of the reserve of the shared memory device 102 is turned to '1' (Step 1303) by writing one byte '01' into 
can be indicated in the second least significant bit 20 the address '7FOOOOOO'. When the value of the byte read 
thereof. from the address '7FOOOOOO' is '02', the value '02' indi-

In the following, description will be made about the cates that the RESVACK bit 1203 is '1'. In this case, the 
bus select circuit 1146 for selecting the connection of procedure is terminated as success in the reserve (Step 
the buses to the RAM 1143 as to which buses are to be 1307). If the RESV ACK bit 1204 is "O", the retry is 
connected to the RAM 1143, the central processing unit 25 repeated in the retry loop (Step 1304). Then, the loop 
101-1 side buses or 101-2 side buses, that is, address bus count is decreased by one (Step 1306). If the loop count 
1118-1 or 1118-2, data bus 1119-1 or 1119-2, and control is not 'O', the retry is repeated in the retry loop (Step 
signal bus 1120-1 or 1120-2. 1306). When the loop count is 'O', the procedure is ter-

In the reserve circuit 1145, only one of shared mem- minated after the return code is set to '4' for the purpose 
ory access requests from the central processing units 30 of indicating a failure in reserve (Step 1309). 
101-1 and 101-2 is accepted. In short, only one signal As shown in FIG. 14, the procedure 1321 ofreleasing 
line 1137-1 or 1137-2 to be accepted takes the value of the shared memory device 102 is terminated (Step 1323) 
"1", so that only one both-direction driver 1135-1 or after the RESVREQ bit 1204 is turned to 'O' (Step 1321) 
1135-2 in the bus select circuit 1146 is turned to an by writing one byte '00' into the address '7FOOOOOO'. 
enable state to thereby allow the central processing unit 35 The procedure 1331 of forcedly releasing the shared 
101-1 or 101-2 connected to the enabled-state both- memory device 102 by the other central processing unit 
direction driver 1135-1 or 1135-2 to make access to the 101-1, 101-2 is terminated (Step 1333) after the FORC-
RAM 1143. EREL bit 1202 is turned to '1' (Step 1332) by writing 

In the following, the force release circuit 1144 for one byte '80' into the address '7FOOOOOO'. 
forcedly releasing the reserve of the shared memory 40 FIG. 15 is a flow chart for explaining the operation 
device 102 from the other-system central processing requiring the forcedly releasing procedure 1331. In the 
unit 101-1 or 101-2 is described. case where execution of the program is stopped by a 

The '7FOOOOOO' write request issued from the central failure or the like while the other-system central pro-
processing unit-A 101-1 is accepted as writing in the cessing unit 101-1 or 101-2 reserves the shared memory 
FORCEREL bit 1202 of the access control register 45 device, there is a risk that the shared memory device 
1201 and detected by the AND gate 1116-1. Only in the cannot be released as it is in the reserved state. Because 
case where the eighth least significant bit D7 1117-1 of the duplex data set control table 106 containing block-
the data bus at that point of time is "l ", the reset termi- age information for each data set exists on the shared 
nal of the reserve request register 1122-2 of the other- memory device; 102, shortage of blockage information 
system central processing unit-B 101-2 is turned on to 50 makes it impossible to access the duplex disk devices if 
make the value of the resister "O". Accordingly, the the shared memory device 102 cannot be accessed. 
reserve state in the other system can be released Accordingly, in such a case, it is necessary to release the 
forcedly. reserved state by the other-system central processing 

The principle in which, when reserve requests come unit 101-1 or 101-2 forcedly. 
from the two central processing units 101-1 and 101-2 at 55 In the case where the other-system central processing 
the same time and the request of one central processing unit 101-1 or 101-2 stops the intra-system central pro-
unit is accepted, the request of the other central pro- cessing unit 101-2 or 101-1 detects the failure of the 
cessing unit is certainly accepted next is as follows. other-system central processing unit by means of the 

When, for example, the request of the central pro- mutually supervisory line 1l6 so as to start the CPU 
cessing unit-B 101-2 is accepted prior to the request of 60 alternating procedure 1401. 
the central processing unit-A 101-1 so that the request The alternating procedure of the central processing 
of the central processing unit-A 101-1 is in a standby units 101-1 and 101-2 starts from the procedure (Step 
state, the value of the reserve request register 1122-1 is 1402) of forcedly cutting off the interface between the 
"l", and, accordingly, the value of the flip-flop circuit CPU adapter 106 of the failure-side central processing 
1125-1 is "l". However, the output of the central pro- 65 unit and the IP 103-1 or 103-2 and the IOP 114-1 or 
cessing unit-A side flip-flop circuit 1129-1 cannot take 114-2. Then, the interface between the IP adapter 106 of 
the value of "l" because the output of the central pro- the intra-system central processing unit 101-2 or 1011 
cessing unit-B side flip-flop circuit 1129-2 has the value and the IP 103-2 or 103-2 and the IOP 114-2 or 114-1 is 
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connected (Step 1403). By the aforementioned Proce- 906-2, data set-2 911-1 and 911-2, ... , data set-n 912-1 
dure, the processing by the IP 103-1 or 103-2 and the and 912-2. The disk devices 904-1 and 904-2, and 905-1 
IOP 114-1 or 114-2 is passed over from the other-system and 905-2 are connected respectively via two disk con-
central processing unit to the intra-system central pro- trollers 903-1 and 903-2 to the input/output channels on 
cessing unit. Then, the procedure (Step 1404) of 5 the central processing units. Disk devices 905-1 and 
forcedly releasing the data sets on the pair of shared 905-2 other than the shared duplex disk devices 904-1 
duplex disk devices 110-1 and 110-2 reserved by the and 904-2 are not specifically limited in structure. Fur-
other-system central processing unit is carried out. ther, a shared memory device 902 is connected in order 
Then, the operation of the other-system central process- to apply the invention to access control of the pair of 
ing unit is carried out continuously (Step 1405). 10 shared duplex data sets on the pair of shared duplex disk 

The procedure 1404 of forcedly releasing the data devices. A semiconductor storage device connected via 
sets on the shared duplex disk devices 110-1 and 110-2 input/output channels from the central processing units 
left in a state in which the data sets are reserved by the 901-1 through 901-8 and accessed according to an input-
other-system central processing unit stopping because /output starting instruction or a shared memory device 
of occurrence of failure is carried out as shown in FIG. 15 directly accessed according to a shared memory access 
16. First, the shared memory device 102 is released instruction can be used as the shared memory device. A 
forcedly (Step 1331). The shared memory reserving duplex data set control table 914 is stored on the shared 
procedure by the intra-system central processing unit memory device 902. 
101-2or 101-1 is carried out in the same manner as in the FIG. 10 is a view showing one-data-set's entry of the 
procedure in FIG. 5 (Steps 1301, 1413, 1414, 505, 1416). 20 duplex data set control table in this embodiment. In 
Then, data set reserve flags 202-1 and 202-2 on the general, reference of data sets by a plurality of com-
duplex data set control table 108 left by the other-sys- puter systems is separated into exclusive reference and 
tern central processing unit 101-1 or 101-2 are reset by shared reference. Therefore, an exclusive reserve flag 
the following procedure with respect to all duplex data 1006 and a shared reserve flag 1007 are provided in each 
sets existing on the pair of shared duplex DASDs. 25 of the reserve flags 1003-1 and 1003-2 in the duplex data 

First, the counter I for counting the duplex data set set control table 1001 corresponding to one entry. In the 
control table 108 for each entry is initialized to the case where exclusive use such as "data set write" is 
initial value 1 (Step 1417). The value of the counter required for updating the content recorded in the data 
satisfying the relation I >400 means the fact that check- sets, the right of accessing to the data sets is given by the 
ing of entries corresponding to all data sets is com- 30 exclusive reserve flag 1006-1 or 1006-2 of the two-sys-
pleted. Accordingly, when the value of the counter is tern data sets. In the case where shared use such as "data 
more than 400, the procedure is terminated after the set read" without updating the content recorded in the 
shared memory device 102 is released (Steps 1321, data sets is required, the right of accessing to the data 
1425). Otherwise, the I-th entry is checked (Step 1418). sets can be given by setting one-system shared reserve 
When the value expressed by the #0-side reserve SVP 35 flag to '1' but the shared reserve of the same data set by 
number 203-1 in the I-th entry coincides with the value the plurality of central processing units 901-1 or 901-2. 
received by the SIDE parameter (Step 1419), the #0- .. or 901-8 is not suppressed. 
side reserve flag 202-1 is turned to 'O' (Step 1420). When The data reserving procedure in this embodiment is 
the value expressed by the #I-side reserve CPU number different from that in the first embodiment in the fol-
203-2 in the I-th entry coincides with the value received 40 lowing point. In short, in the data set reserving proce-
by the SIDE parameter (Step 1421), the #I-side reserve dure 501 in the first embodiment, only one of the pair of 
flag 202-2 is turned to 'O' (Step 1422). duplex data sets is reserved at the time of data set read-

Further, the entry counter I is increased by one (Step ing. On the contrary, in this embodiment, the common 
1423) in order to carry out the same checking on the reserve flag for the two data sets and the common re-
next data set, and then the situation in the procedure is 45 serve flag 1007 for the pair of reserve flags 1003-1 and 
returned to the step 1418. 1003-2 are set to 'l', so long as one data set is not exclu-

Because exclusive control for each data set and sively reserved, or in other words, so long as the exclu-
blockage for each data set can be made by the afore- sive reserve flag 1006 in one of the pair of reserve flags 
mentioned operation, there is no access-disabled data 1003-1 and 100~-2 in a corresponding entry of the data 
set expect the data sets 704-1, 702-2 and 706-2 even in SO set control table 914 is not '1'. 
the case where partial stationary failures 707 occur in In the case where at least one of the exclusive reserve 
the pair of duplex disk devices 110-1 and 110-2 as shown flags 1006 takes the value of'l', the reserving procedure 
in FIG. 8. In short, the risk that no data set in the two for data set reading or data set writing results in a fail-
systems can be used can be reduced. FIG. 7 is a view ure. 
showing a conventional method in which both exclu- 55 Further, at the time of data set writing, exclusive 
sive control and blocking control are carried out for reserve of data sets is carried out only when the exclu-
each data set. When, in the conventional method, a sive reserve flags 1006 and the common reserve flags 
failure occurs in one portion on each of the two disk 1007 in the reserve flags 1003-1 and 1003-2 in the pair of 
devices, no data disk on the pair of duplex disk devices duplex data sets are all 'O'. In short, the exclusive re-
can be accessed. 60 serve flags 1006 in the pair of reserve flags 1003-1 and 

FIG. 9 is a block diagram showing an embodiment of 1003-2 are turned to 'l' only when the exclusive reserve 
the invention in which the invention is applied to a flags 1006 and the common reserve flags 1007 are all 'O'. 
composite computer system having eight independent In other cases, exclusive reserve results in a failure. 
central processing units. Further, data set blockage flags 1004-1 and 1004-2 are 

In this embodiment, the eight central processing units 65 flags provided to identify access-disabled data sets as in 
901-1 through 901-8 are designed to share a pair of the first embodiment. 
shared duplex disk devices 904-1 and 904-2 having n Further, each of data set reserve CPU numbers 
pairs of duplex data sets, that is, data set-1 906-1 and 1005-1 and 1005-2 is field provided to indicate the CPU 
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number having the right of accessing data sets and is 2. A DASO access control method according to 
composed of 8 bits each expressing one central pr~i;- claim 1, further comprising the steps of: 
ing unit. The most significant bit corresponds to central (e) judging whether the other data group of the data 
processing unit No. O. The least significant bit corre- group set stored in the other of said first DASO 
sponds to central processing unit No. 7. When at least 5 and said second DASO has an irrecoverable failure 
one bit in of the exclusive reserve flag 1006 or the com- based on said stored information in said memory 
mon reserved flag 1007 in one reserve flag 1003-1 or only when the one data group is to be accessed for 
1003-2 is 'l' and at least one bit of the reserve central reading and said one data group already has an 
processing unit number 1005-1 or 1005-2 field is '1', the irrecoverable failure; 
fact that a corresponding central processing unit is the 10 (f) accessing said other data group of said data group 
requester of the data set reserve is suggested. set for reading data, when said judgment step re-

The CPU number 1005-1 or 1005-2 field is established sults in a determination that said other data group 
as follows. When the data set reserve flag 1003-1 or does not have an irrecoverable failure. . 
1003-2 is set to '1', a bit corresponding to the central ~- A DAS~ ~ contr_?I method _according to 
processing unit (901-1 through 901-8) executing the 15 cl81.IIl 2, wherem ~d step (f) IS exec~ted m r~ponse to 

t · turned to '1' an access request ISSued by one ofwd plurality ofpro-
reserve reques IS , • • fi eadin · d h da hi h 

When the reserve is released, a bit corresponding to cessmg umts or ~ g 581 ot ~r ta group w ~ 
the central processing unit (901-1 through 901-8) exe- does not have an irrecoverable_ failure, only w~en wd 

· 1 t · turned to 'O' one data group already has an irrecoverable failure. 
cuting re ease reques IS • 4 A DASO 1 thod din to 

A din to this embodiment, in the case where 20 : access_ ~ntro me accor g 
ccor g . . claim 2, further compnsmg the steps of: 

da!B ~t exclusive control between centr&! proc_essmg (g) stopping access to said one data group for both 
umts is made, tru:ee or more centr~I processmg umts can reading and writing when an irrecoverable failure 
use on~ data set m commo~ even if the central pr~- occurs in said one data group during the execution 
ing u~ts read the data set SIDlultaneously. Accordmgly, 25 of said step (c); and 
lowermg of S)'.S!em performance caused by occurrence (f) executing said steps (e) and (f) respectively. 
of data se~ waitmg ~ be ~reven!~- . . S. A DASO access control method according to 

~ccordmg to th~ 1nv~nt1on, ~tihty agamst a m~ial claim 1, further comprising the steps of: 
stat~onary a~ failure ma pair of shared duplex dJSk (e)judging by one of said plurality of processing units 
devtces can be IDlproved greatly. 30 based on said information whether the other data 

We claim: group of said data group ~t stored in the other of 
1. A DASO access control method for use in a com- said first DASO and second DASO has an irrecov-

puter system comprising a pl~rality o~ processing Wl!ts, erable failure, irrespective of whether said one data 
a ~emory conn~ted to wd plurahty ?f pr~mg group already has an irrecoverable failure, when an 
umts and duplex drrect_access st~rage de"'.1ces (hereinaf- 35 access requested by said one processing unit to said 
ter "DASD's") accessible by wd plurahty of process- one data group is for writing; 
ing uni~, said duplex_ DASD's comprisin~ a first DASO (f) accessing said other data group of said data group 
for stormg a plurality of data groups m addressable set for writing of the identical data as written into 
storage locations therein and a second DASO for stor- said one data group, when said step (b) results in a 
ing a plurality of data groups in addressable storage 40 determination that said other data group does not 
locations therein, said first DASO and said second have an irrecoverable failure; and 
DASO including identical contents and one-~o-one (g) stopping access for writing of data to said other 
correspondence between the data groups stored m cor- data group when said step (b) results in a determi-
responding storage locations therein, wherein each one nation that said other data group has an irrecover-
of said data groups of said first DASO and each corre- 45 able failure. 
sponding one of said data groups of said second DASO 6. A DASO access control method according to 
form a data group set and are accessible as a logical unit claim S, wherein said step (f) is executed in response to 
by one of said plurality of processing units, said DASO an access request which is issued by one of said plurality 
access control method comprising the steps of: of processing l,lnits for writing data into said other data 

(a) storing information in said memory device for 50 group of said data group set when said one data group 
identifying the invalidity of data groups in which is to be accessed for writing of the data. 
an irrecoverable failure has occurred within said 7. A DASO access control method according to 
plurality of data groups stored in said first DASO claim 6, further including the step of rewriting the 
and said second DASO; blockage flag corresponding to said other data group 

(b) judging whether one data group of a data group 55 into a state indicating that a failure has occurred when 
set stored in said first DASO and said second an irrecoverable failure occurs in said other data group 
DASO and accessible by one of said plurality of during the execution of said accessing step (f). 
processing units previously had an irrecoverable 8. A DASO access control method according to 
failure based on said stored information in said claim 7, wherein said blockage flag rewriting step is 
memory, when said one data group is accessed; 60 conducted in response to a request generated by said 

(c) accessing said one data group of said data group one processing unit. 
set when said step (b) results in a determination that 9. A DASO access control method according to 
said one data group does not have an irrecoverable claim 1, wherein said step (b) includes the steps of: 
failure; and (bl) reading one blockage flag corresponding to said 

(d) stopping access to said one data group of said data 65 one data group to be accessed from among a plural-
group set when said step (b) results in a determina- ity of blockage flags which are stored respectively 
tion that said one data group has an irrecoverable corresponding to a plurality of data groups stored 
failure. in said first DASO and said second DASO, 
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wherein each one of said plurality of blockage flags into a reserve released state to thereby release the 
indicates whether a corresponding data group has reserved state of said one data group. 
an irrecoverable failure for read or write opera- 14. A DASO access control method according to 
tions; and claim 13, further comprising the steps of: 

(b2) judging whether said one data group has an 5 (i) detecting a data group reserved by said one pro-
irrecoverable failure for read or write operations ccssing unit among said plurality of data groups 
based upon whether said blockage flag is in a state stored in said first DASO and said second DASO 
indicating that a failure occurred. when a failure has occurred in said one processing 

10. A DASO access control method according to unit; and 
claim 9, wherein said one blockage flag is read from a 10 (j) forcedly releasing the reserved state of said de-
shared random access memory which is commonly tected data group by said another processing unit. 
accessible by said plurality of processing units, wherein 15. A DASO access control method according to 
said blockage flags are stored in said random access claim 14, further comprising the step of: · 
memory and correspond to said plurality of data groups G) storing, before the execution of the step (e), proc-
stored in said first DASO and said second DASO. 15 easing-unit identifying information assigned to said 

11. A DASO access control method according to one processing unit as reserve processing-unit iden-
claim 10, wherein said blockage flag reading step is tifying information corresponding to said one data 
--"ormed in response to a request from said one pro- group, when said one stored reserve flag is rewrit-
.,... .. , ten into a reserve indicating state, wherein the step 
ccssing unit, and thereaftcr said judging step Cb2) is 20 (h) includes the step of identifying, by the another 
executed. bi has I ft 

12. A DASO access control method for use in a com- proccssing unit, a processing-unit w ch e 
the data group reserved, on aid reserve processing-

puter system comprising a plurality of processing units, unit identifying information stored in said duplexed 
and duplex direct access storage devices (hereinafter DASD's for the data group left reserved. 
"DASD's") accessible by said plurality of processing 25 16. A computer system comprising: 
units, said duplex DASD's comprising a first DASO for (a) a plurality of processing units; 
storing a plurality of data groups in addressable storage (b) a first direct access storage device connected to 
locations therein and a second DASO for storing a said plurality of processing units for storing a plu-
plurality of data groups in addressable storage locations rality of data groups in addressable storage loca-
therein, said first DASO and said second DASO includ- 30 tions therein, wherein each one of said data groups 
ing identical contents and one-to-one correspondence are individually accessible as a logical unit by one 
between the data groups stored in corresponding stor- of said -plurality of processing units; 
age locations therein, wherein each one of said data (c) a random access memory which is commonly 
groups of said first DASO and said corresponding one accessible by said plurality of processing units for 
of said data groups of said second DASO form a data 35 storing only a plurality of pieces of control infor-
group set and are accessible as a logical unit by one of mation respectively corresponding to each of said 
said plurality of processing units, said DASO access plurality of data groups for controlling access from 
control method comprising the steps of: said plurality of processing units to said data 

(a) storing reserve flags exclusively in a random ac- groups; and 
cess memory which is commonly accessible by said 40 (d) an access control' circuit for controlling access 
plurality of processing units, said stored reserve from said plurality of processing units to said ran-
flags respectively corresponding to said plurality of dom access memory, wherein said plurality of pro-
data groups stored in said first DASO and said cessing units and said random access memory arc 
second DASO, wherein each one of said reserve connected to said access control circuit, said access 
flags indicates whether the corresponding data 45 control circuit including: 
group is in a reserved state; (dl) reserve means for reserving said random access 

(b) reserving said random access memory for one of memory for one of said processing units in response 
said plurality of processing units when said one to a random access memory reserve request, and 
processing unit is to access one of said plurality of for releasing the reserved state of said random 
data groups of a data group set stored in said first so access memory in response to a random access 
DASO and said second DASO; memory reserve releasing request; and 

(c) subsequently reading one reserve flag correspond- (d2) control means connected to said reserve means 
ing to said one data group of a data group set from for controlling access to one of said pieces of con-
said random access memory; trol information in said random access memory 

(d) rewriting said one reserve flag into a reserve indi- ss requested by a request issued by one of the process-
eating state to reserve said one data group of a data ing units, depending on whether said random ac-
group set when said one reserve flag which is read cess memory is in a reserved state with respect to 
out is not in said reserve indicating state; said one processing unit. 

(c) releasing the reserved state of said random access 17. A computer system according to claim 16, 
memory; and 60 wherein said reserve means further includes means re-

(f) accessing said one data group. sponsivc to two reserve requests respectively executed 
13. A DASO access control method according to by two of said plurality of processing units for preferen-

claim 12, further including the steps of: tially reserving said random access memory for one of 
(g) reserving said random access memory for said one said two processing units when the other of said two 

processing unit after said accessing by said access- 65 processing units has previously reserved said random 
ing step (f); and access memory. 

(h) subsequently rewriting the one reserve flag corre- 18. A computer system according to claim 16, 
sponding to said one data group of a data group set wherein said access control circuit further includes 

• 
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20. A computer system according to claim 19, 

wherein each pair of said control information are stored 
in said random access memory, together with a corre­
sponding data group name common to the two data 

means for releasing the reserved state for said one pro­
cessing unit in response to a request for forcedly releas­
ing the reserved state issued by another processing unit 
when said random access memory remains reserved by 
said one processing unit. 5· groups of a corresponding pair of data groups. 

19. A computer system according to claim 16, further 
comprising a second direct access storing device 
(DASO) for storing a plurality of data groups having 
the identical contents and corresponding in one-to-one 10 
relationship to said plurality of data groups stored in 
said first DASO to form pairs of data groups; and 

wherein said random access memory comprises: 
a memory for storing pairs of control information 

respectively corresponding to said pairs of data 15 
groups, said data groups of each one of said pairs 
respectively stored in said first DASO and said 
second DASO and having identical content. 

20 

25 

30 

35 

40 

45 

so 

55 

60 

65 

21. A computer system according to claim 19, 
wherein said control information corresponding to one 
data group includes: 

a data group reserve flag for indicating whether said 
data group is reserved by one of said plurality of 
processing units for exclusive use of the data group 
for reading or writing; 

a reserve processing-unit number for indicating one 
processing unit reserving said data group when 
said data group is reserved thereby; and 

a data group blockage flag for indicating whether 
said data group already has a fixed failure therein. 

• • • • • 
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