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Redundant disk storage system

Claims:

A redundant disk storage system comprising:

a hard disk drive device having a pair of haxd
disk drives each having a magnetic disk which is a
magnetic recording medium for recording data and a
magnetic head assembly for recording and reading

data on said magnetic disk; and

a controller for controlling said hard disk drive
device to record data identical to data
transferred from a host computer on each of said
pair of hard disk drives, read data from one of
said paif of drives, and transfer read data to the

host computer,
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wherein said controller controls said hard disk
drive device so that, when recorded data is read
from said pair of hard disk drives, the distance
between magnetic head positions and magnetic disk
locations for reading identical data in said pair

of drives differs in the respective drives.
A redundant disk storage system comprising:

a hard disk drive device having a pair of hard
disk drives each having a magnetic disk which is a
magnetic recording medium for recording data and a
magnetic head assembly for recording and reading

data on said magnetic disk; and

a controller for controlling said hard disk drive
device to record data identical to the data

transferred from a host computer in each of said

pair of hard disk drives, read data from one of

said pair of drives, and transfer read data to the

host computer,

wherein said controller controls said hard disk

drive device so that data identical to data
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transferred from said host computer is recorded at
different locations on the respective magnetic

disks of said pair of drives.
A redundant disk storage system comprising:

a hard disk drive device having a pair of haxrd
disk drives each having a magnetic disk which is a
magnetic recording medium for recording data and a
magnetic head assembly for récording and reading

data on said magnetic disk; and

a controller for controlling said hard disk drive
device to record data identical to data
transferred from a host computer in each of said
pair of hard disk drives, read data from one of
said pair of drives, and transfer read data to the

host computer,

wherein said controller controls said hard disk
drive device so that, while data read froh one of
a pair of hard disk drives is being transferred to
said host computer, the magnetic head of the drive

other than that transferring said data is set at a



(4)

(3)

“\\ii’\mﬂm“ﬁﬁ\ﬁ‘rd AR

—

position other than that where data corresponding
to said data being transferred on the magnetic

disk of this hard disk drive is recorded.

A redundant disk storage system as set forth in
Claim 3, wherein said controller controls said
hard disk drive device so that data identicai_to
data transferred from said host computer is
recorded at different locations on the respective

magnetic disks of said pair of hard disk drives.

A redundant disk storage system comprising:

"a hard disk drive device having a pair of hard

disk drives each having a magnetic  disk which is a
magnetic recording medium for recording data, a
magnetic head assembly for recording and reading
data recorded on said magnetic disk, and a storage
means for storing parameters indicating said

magnetic disk and said magnetic head; and

a controller for controlling said hard disk drive
device to record data identical to data

transferred from a host computer in each of said
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pair of hard disk drives, read data from one of
said pair of drives, and transfer read data to the

host computer,

wherein said controller reads parameters stored in
each storage means of said pair of hard disk
drives, converts read parameters to parameters
based on the use of the hard disk drive device of
said pair of drives ;ecording identical data,
stores converted parameters in the storage means
of either of said pair of drives, reads said
converted parameters stored in the storage means
of a hard disk drive, and send said readﬂconverted
parameters to a host computer,-thereby controlling

said hard disk drive device so that the host

computer can receive parameters from it.
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3. Detailed Description of the Invention:

[0001)
(Field of the invention]

The present invention relates to a redundant disk
storage system ahd, more particularly, to a redundant
disk storage system for recording data identical to
data transferred from a host computer in each of a pair
of hard disk drives and reading data from one of ﬁhe
pair of drives and transferring read data to the host

computer.
(0002)
[Prior art and problems to be solved by the invention]

A hard disk drive for recording data on a magnetic disk
which is a magnetic récording medium for recording and
reading data from a magnetic disk is an essential
device.for storing large amounts of data and programs
in computer systems. Since a hard disk drive contains

moving mechanical parts, a failure is relatively liable
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to occur in it. A failure prevents the hard disk drive
from reading or storing data and programs, which may

stop the entire computer system using the drive.
[0003]

To prevent this, a multiplexed disk recording
controller (redundant disk array) for multiplexing the
hard disk drive and recording data, etc., in the
multiplexed hard disk drive based on a command from. a
host computer and reading data, etc., from the

| multiplexed haxrd disk drive has already been proposed.
The multiplexed disk controller is provided with RAID
0, RAID 3, and RAID 5, which divide data among a
plurality of hard disk drives and RAID 1 recoxds data

on two hard disk drives redundantly.
[0004]

In the multiplexed disk recorder to which RAID 1 is
applied (hereafter, redundant disk storage system)
identical data and programs are stored on two hard disk

drives at all times. Redundancy is given so that, if a
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failure occurs in one hard disk drive, data reading,

etc., can be done using the remaining drive.
(0005}

The redundant disk'storage system processes data as
follows when it receives a data recording command
(write command) from a host computer: That is, a write
command or parameter received from a host computer is
sent to the first hard disk drive, then also sent to
the second hard disk drive. When both drives can
transfer and record data (data-transfer-enabled), data
from the host computer is simultaneously sent to the
‘pair of drives, thereby recording sent data on both

magnetic disks of the pair of drives.
[0006]

Moreover, the redundant disk storage system processes
data as follows when it receives a data read command
(read command) from a host computer. This case

involves a'fi;st and second methods.
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[0007)

In the first method, a read command is sent only to one
of a pair of hard disk drives, and processing waits
until the hard disk drive to which this read command is
sent is able to read data (read-enabled possible).

When this drive is read-ébled, to read data,
information indicating read-enabled is sent to the host
computer and required data is transferred from the hard

disk drive to the host computer.
[0008])

In this method, the control program is simple, but a
long time is required for authorizing a failure in the
hard disk drive in which a read command is received,
and, moreover, a read commahd must be sent to the
remaining hard disk drive after failure authorization.
Therefore, if a failufe occurs in either drive, a long
time is required from read command receiving to the

completion of magnetic disk data reading.
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[0009)

Furthermore, in the second method, both of a pair of
hard disk drives issue a read command and required data
is transferred from a hard disk drive to whichever of

the pair of drives becomes data-transfer-enabled first.
[0010)

Use of this method shortens the read time at a failure
in a hard disk drive compared to the first method
because, even for a failure in either hard disk drive,
only one of the pair of drives must be able to transfer
data. However, in this method, if necessary data is
recorded near the internal circumference on the hard
disk, the read voltage of data read by the magnetic
head is low and data may not be recognized in some
cases. Therefore, the drive itself must repeat a retry
to read data or the redundant disk'storage system must
retry sending a parameter or command to the drive
again, if necessary. Retry by the drive itself or the
redundant disk storage system eventually enables data
to be read. Therefore, if required data is recorded

near the internal circumference on the hard disk, the

- 10 -
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probability of not reading data rises or a long read

time is needed.
[0011]

The first bbject of the invention is to provide a
redundant disk storage system with a lower probability
of simultaneous retry, thus lowering the possibilitf of
a data recognition failure in both of a pair of hard

disk drives simultaneously.
(0012)

Moreover, in the first or second method in said
redundant disk storage system, read heads of the two
hard disk drives are both positioned Qhere said data is
recorded or at the first position at the end of the
first data reading. Therefore, the first and the
second methods do not differ greatly in the time for
movement from the location of data previously recorded

to that of required data.

- 11 -
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[0013]

The second object of the invention is to provide a
redundant disk storage system which can shorten seek
time from the time a read request is made for the hard
&isk drive to the movement of the head to a location

where required data is recorded.
[0014]

Moreover, in the conventional redundant disk storage
system, it was difficult to ihcorporate a hard disk
drive in a computer, e.g., a personal computer, because
of increased scale accompanied by increased recording
capacity. Therefore, the hard disk drive was connected
externally. Where a hard disk drive is installed
outside the éomputer, the interface of the hard disk
drive had to be connected with a cable. .In this case,
to avoid malfunctioning due to noise, a small computer
system interxface (SCSI) suitable for an external hard
disk drive was generally used to connect the redundant
disk controller and a pair of hard disk drives, thereby

making the capacity of tens of G bYtes possible.

- 12 -
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[0015]

In contrast, the AT interface was generaily used for
personal computer having a small built-in hard disk
drive. However, an AT interface was not used in the
redundant disk drive because the_méximum capacity of a
hard aisk drive whicﬁ can be used by a host with which
an AT interface is connected was limited to 528M bytes

due to BIOS restrictions.

[0016]

Howéver, large-capacity hard disk drives have been
downsized rapidly by the development of an MR head,
etc.) and it has become possible to manufactﬁ;e even a
3.5-inch hard disk drive having a capacity exceeding G
bytes which can be built into personal computers.
Moreover, tah the addition of ATA specifications by
ANSI, it has become possible for BIOS to access a large
capacity, the same level as for a SCSI, even for é hard
disk drive with an AT interface. Accordingly, the

necessity of mirroring is increasing rapidly even in

small hard disk drives used for personal computers.

- 13 -
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[0017])

In this éonnection, in the redundant dlSk contr oller
connéctéditq a host computer with an AT interface,
internal.data RAM was needed. This was because
synchronization timing between the host and hard disk
drive was severe and consecutive transfer of 256 words
of data was needed for processiné an Identify Drive
command. That is, the Identify Drive command is
executed once for initialization immediately after
power is turned on. The command enables the host
computer to receive parameter information from the hard
disk drive. A parameter block consists of 256 words of
data. The command requests the consecutive transfer of
256 words of data from the drive to the host computer
in units of 16 bits. This parameter must to be
partially modified for the controller to operate a pair
of hard disk drives. Therefore, data RAM for storing
256 words of data had to be incorporated into the
controller. Thus, the controller circuit structure was

complicated and cost increased.
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[0018]

fhe third object of the -invention is to'provide a
redundant disk storage system, with a simple structure,
‘which can transfer data between a host computer and a
hard disk drive at low cost without having data RAM in -

the controller.
{0019)
[Means for solving the problems]

For the attainment of said first object, the invention
as set forth in Claim 1 provides a redundant disk
storage system comprising a hard disk drive device
consisting of a pair of hard disk drives having a
magnetic disk which is a magnetic recording medium for
recording déta and a magnetic.head for recording and
reading data stored on said magnetic disk, and a
controller for controlling said hard disk drive device
so as to record data identical to data transferred from
a host computer in each of said pair of hard disk

drives,; read data from one of said pair of drives, and

transfer read data to the host computer; said
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controller ?ontrbls said hérd_disk drive device so
that, when recorded data_ié read from said pair of hard
disk drives, the distance between thg magnetic head
positions and the magnetic disk locations for reading
identical datawin said pair of drives differs in the

respective drives.
(0020]

For fhe attainment of said first object, the invention
as éet forth in Claim 2 provides a redundant disk
storage system comprising a hard disk drive device
consisting of a pair of hard disk drives having a
magnetic disk which is a magnetic recording medium for
recording data and a magnetic head for recording and
reading data recorded- on said magnetic disk and a
controller f?r controlling said haxd disk drive device
so as to record data identical to data transferred from
a host computer in each of said pair of hard disk
drives, read data from one of said pair of drives, and
transfer read data to the host computer; said

controller controls said hard disk drive device so that

data identical to data transferred from said host

- 16 -
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computer is recorded at different locations on the

respective magnetic disks of said pair of drives.
[0021]

For the attainment of said second -object, the invention
as set forth in Claim 3 provides a redundant disk
storage system comprising a hard disk drive device
consisting of a pair of hard disk drives having a
magnetic disk which is a magnetic recording medium for
recording data and a magnetic head for recording and
reading data recorded on said magnetic disk and a
controller for controlling said hard disk drive device
so as to record data identical to data transferred from
a host computer in each of said pair of drives, reads
data from one of said pair of drives, and transfer read
data to the host computer; said controller controls
said hard disk drive device so that, while data read
from one of a pair of drives is being transferred to
said host computer, the magnetic head of a drive other
than that traqsferring said data is set at a position
othér than the location where data corresponding to
said data being transferred on the magnetic disk of

this drive is rxrecoxded.
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[0022}]

Furthermore, for the attainment of said first object,

in the invention as set forth in Claim 4, a controller
according to the invention as set forth in Claim 3 is

adapted to control said hard disk drive device so that - .
data identical to data transferred from said host

computer is recorded at different locations on the

respective magnetic disks of said pair of hard disk

drives.

[0023]

For the attainment of said third object, the invention
as set forth in Claim 5 provides a redundant disk
storage system comprising a hard disk drive device
consisting of a pair of hard disk drives having a
magnetic disk which is a magnetic recording medium for
recording data, a magnetic head for recording and
reading data recorded on said magnetic disk, and a
storage means for storing parameters indicating said
magnetic disk and said magnetic head and a controller
for controlling said hard disk drive device so as to

record data identical to data transferred from a host
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computer-in each of said é&ir of d#ives, read data from
one of said pair of drivés; and tfansfer read déta to
the host computer; said ¢ontroller reads parameters
stored in each storagé ﬁeaﬁé of said pair of drives,
éonverts read parameters to parameters based on the use
of the hard disk drive device of said pair of drives
recording identical data, stores converted parameters
in the storage means of either of said pair of drives,
reads said converted parameters stored in the storage
means of a drive, and sends said read converted
parameters to a host computer, thereby controlling said
hard disk drive device so that the host computer can

receive parameters from it.
[0024)
[Operation]

According to the invention as set forth in Claim 1, a
control means records data identical to data
transferred from.a host computer on a magnetic disk
which is a magnetic recording medium through a magnetic

head, and reads data from one of a pair of hard disk
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drives through a magnetic disk and transfers read data

to the host computer.
{0025)

Here, the controller controls the hard disk drive
device so that, when recorded data is read from a pair
of hard disk drives, the distance between the magnetic
head positions of the pair of arives and the magnetic
disk locations for reading identical data differ in the

respective drives.
{0026}

Thus, when recorded data is read from a pair of hard
disk drives, since the distance between the magnetic
head positions of the pair of drives and the magnetic
disk locations for reading identical data differs in
the respective drives, in the case where identical data
is recorded at the identical location on the magnetic
disks of a pair of drives, for example, data reading on
one of a pair of drives can be started prior to data
reading on the other drive, preventing data reading on

a pair of drives from starting simultaneously.

- 20 -
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Moreo#er, when a retry to read data on one d:ivé is
repeated, the magnetic head in the other drive moves to
the position where required datd is recordéd.and, when
said magnetic head moves to where reQuired dafa is
recofded, retry on one drive ends, thereby lowering .the
probability of a siﬁultaneous retry on a pair of
drives. Moreover, even though magnetic heads of a pair
of'drives are set at a relati&ely identical position,
if identical data is recorded at different locations on
the respective magnetic disks of a pair of drives,
sinée, in one drive, for example, required data is
recorded near the internal circumference on the hard
disk, the probability of a retry with respect to the
magnetic disk of said drive is low because required
data is not recorded near the internal circumference on
the magnetic disk of the other drive even though a
retry is mqég. Therefore, the probability of a

simultaneous retry in a pair of drives can be lowered.
[0027]

Here, according to the invention as set forth in Claim
2, a controller controls a hard disk drive device so

that data identical to data transferred from a host

- 21 -
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computer is recorded at different locations on the
respective magnetic disks of a pair of hard disk

drives.
[(0028]

Thus, since data identical to data transferred from a
host computer is recorded at different locations on thel
respective magnetic disks of a pair of hard aisk
drives, the recording of identical data at locations
near the internal circumferences on both magnetic disks
of a pair of drives can be prevented, thereby,_evén
though data is recorded at a location near the.internal
circumference on the magnetic disk of one drive,
enabling identical data to be recorded at a location
other than near the internal circumference on the
magnetic disk of the other drive and lowering the
probability of a simultaneous retry on a pair of

magnetic disks.
[0029]

Moreover, according to the invention as set forth in

Claim 3, a controller controls a hard disk drive device
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so that, while data read from one of a pair of hard
disk drives is being transferred to a host computer,
the magnetic head of a drive other than that
transferring data is set at a position other than the
location where data corresponding to data being
transferred on the magnetic disk of this drive is

recorded.
(0030}

Thus, since the magnetic head of a drive other than
that transferring data is set at a position other than
the location where data corres?onding to data being
transferred on the magnetic disk of this drive, when
the next data is read, seek time can be reduced and

data read immediately.
{0031}

Moreover, in the invention as set forth in Claim 4, a
controller according to the invention as set forth in
Claim 3 controls a hard disk drive device so that data

identical to data transferred from a host computer is
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recorded at different locations on the respective

magnetic disks of a pair of hard disk drives.
[0032]

Thus, since data identical to data transferred from a
host computer is recorded at different locations on the
respective magnetic disks of a pair of drives, the
recoxrding of identical data at locations near the
internal circumferences on both magnetic disks of a
pair of drives can be prevented, thereby, even though
data is recorded at a location near the internal
circumference on the magnetic disk of one drive,
allowing identical data to be recorded at a location
other than near the internal circumference on the
magnetic disk of the other drive and lowering the
probability of a simultaneocus retry on a pair of

magnetic disks.
[0033]

According to the invention as set forth in Claim 5, a
control means records data identical to data

transferred from a host computer on a magnetic disk
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which is a magnetic recording medium through a magnetic
head and reads data from one of a pair of hard disk
drives through a magnetic disk and transiers read data

to the host computer.
[0034]

Here, parameters indicating a magnetic disk and a
magnetic head are stored in each storage means of a

pair of drives.
(0035])

Then, a controller reads parameters stored in each
storage means of a pair of hard disk drives, converts
read parameters to parameters based on the use of the
hard disk drive device of a pair of drives recording
identical data, stores converted parameters in the
storage means of either of a pair of drives, reads
converted parameters stored in the storage means of a
drive, and sends read converted parameters to a host
computer, thereby controlling a hard disk drive device
SO that the host computer can receive parameters from

it.
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[0036]

Thus, Since paramecers stored in each storage means can
be converted to parameters based on the use of the hard
disk drive device cohsisting of a pair of hard disk
drives and stored in either storage méans, said stored
converted parameters are read and sent to a host
computer, and the host computer receives said
parameters device, and a storage means, RAM, for -
example, in a control means, needed for consecutively
transferring said parameters to the hbst computer, can

be eliminated, simplifying said controller structure.
(0037}
[ Embodiment ]

The embodiment of the invention is explained in detail
below with reference to drawings. Flgure 1 shows a
block dlagram of a redundant disk storage system
according to the embodiment. As shown in Figure 1, a
redundant disk storage system is provided with a hard
disk drive device 14 having a pair of hard disk drives

(hereafter, HDD) 1 and HDD2. Each HDD1l and HDD2 is
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provided with a magnetic disk (hereafter, MD) (not
shown) for recording data, a magnetic head for
recording MD and reacding data recorded on the MD,'and
RAM for recording parameters indicating the
characteristics of the MD, magnetic head, and HDDs

comprising them.
[0038)

Each HDD1 and HDD2 is connected to a controller 12 and

a host computer 10 through an AT interface.
[0039]

The controller 12 controls each HDD1 and HDD2 to record
data identical to data transferred from the host
computer 10 in each MD of a pair of HDDl and HDD2, read
data from the MD of one HDD of the pair, and transfer

read data to the host computer 10.
(0040}

The controller 12 is provided with a bidirectional

buffer 16 connected to a data bus of the hosf computer

- 27 =~
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10 through an AT interface, as shéwn in Figure 2. The
bidirectional buffer 16 is used to hold said data
temporérily when data is transferred between the host
computer 10 and HDD1 and HDD2. The.bidirectional
buffer 16 is connected to buffer selectors 18 and 20
through terminal A. Buffer selectors 18 and 20 are
connected to a host register 22 through terminal B.
The host register 22 is connected to the bidirectional
buffer 16. The'host register 22 is used.to store

parameters and commands from the host computer 10.
[0041)

Buffer selectors 18 and 20, connected to a bus
controller 40, are used to transfer data by éwitching
terminals A, B, and C to términals A and C or terminals
B and C based on the data transfer direction between
the host computer 10 and HDD1 and HDD2 based on the

signal from the bus controllér 40.
[0042)

The controller 12 is provided with an address decoder

32 and selectors 36 and 38. The bus for the control

- 28 -
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signal of the host computer 10 is connected to the host

register 22 through an AT interxface and the address
'decoéer 32. 'The address decoder 32 is.used to specify B
a write address for writing a paraﬁeﬁér or a command -
from the host computer 10 to the host register 22 bssed
on the control signal from the host computer 10.
Moreover, the bus for the control siénal of the host
computer 10 is further connected to HDD1l and HDD2
through selectors 36 and 38 and AT interfaces.

Selectors 36 and 35 are connected with a drive
controller 42. The drive controller 42 is used to send
a control signal for specifying a write or read address
of HDDLl and HDD2 to HDDl and HDD2 through selectors 36
and 38 when data is transferred from the host computer
10 to HDD1l and HDD2 or from HDD1l or HDD2 to the host

computer 10.

[0043)

The host reqgister 22, buffer selectors 18 and 20, bus
controller 40, and drive controller 42 are connected to

an MPU 26, which has RAM and ROM. Buffer selectors 18

and 20 are connected to AT interfaces through terminal

- 29 -
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C. Selectors 36 and 38 are connected to AT inter faces,

which are connected to HDD1 and HDD2.
[0044)

The operation of a redundant disk storage system
structured like the above is explained with reference
to the flowchart in Figure 3. The recording identical

data is explained first.
[0045)

The host computer lo'sends a command for recording
data, for example, data A, to the MDs of HDDl1 and HDD2
and a parameter containing a data storage address of MD
for recording data, for'example, an address near the
outer circumference C2 of MD to the controller 12
(Figure 4 (a). At this time, the host computer 10
sends a control signal to the address decoder 32, which
sends a command and a parameter of the host computér 10
and a control signal for specifying a recording address
to the host register 22. The host register 22 stores
commands and parameters sent through the bidirectional

buffer 16 at a location specified by a control signal

- 30 -
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of the host register 22. The host tegister 22 is reéd
in step 102 and an offset is marked at the data storagé

address of-paraméters in step 104.
10046}

A method for marking an offset at the data storage
address of parameters is explained below. An offset is
marked at said address so that data identical to data
transferred from the host computer 10 is recorded at
different locations on the respective MDs of a pair of
HDD1 and HDD2. As stated above, if identical data is
recorded at identical locations near the internal
ciicumference Cl of the MDs of HDD1l and HDD2, when
recorded data is read, the read voltage of data read
from the magnetic head is low and, even if data is
read, data may not be recognized. Therefore, an offset
is marked at either data storage address of parameters
so that both data recording locations of MDs are not
near the internal circumference. For example, an
offset is marked at either data storage address of
parameters so that the data storage address of the MD
of one HDD and the data storage address of the MD of

the other are symmetrical with respect to the center of

- 31 -
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the radius of theIMD. Thé will be explained with
reference tb Figure 4. when the data storége address
of the parameter sent from the hést computer 10 is near
the internal circumfefence Cl of the MD, an offset is
nof_marked at the data storage address of the parameﬁer
for HDD1l, but is marked only at the data storage
address of the parameter for HDD2 so that it is
positioned symmetrically ﬁith respect to a point near
the center of the radius of the MD, that is, it comes
around the outer circumference C2. Thus, identical
data, for example, the location of HDD1l where data A is
recorded, is around the internal circumference Cl of
MD1l, and identical data, for example, the location of
HDD2 where data A is recorded, is around the outer
circumference C2 of MD2, preventing both data recording
locations from being around the internal circumference
Cl. Moreover, when the data storage address of the
parameter sé;t from the host computer 10 is near the
outer circumference C2 of the MD, for example, the
location of HDD1l where data B is recorded is around the
outer c;rcumference C2 of MDl and, in HDD2, it is

around the internal circumference Cl of MD2.

- 32 -
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(00477

In step 106, a controller 24.is_set so that the
operation of the buffer'Sélector_la changes from B to
C. In step 108, comﬁanas-and parameters stored in the
host register 22 are sent to HDD1 through an AT
interface. At this time, the control signal for
controlling HDD1 is sent from the drive controller 42
to HDDl through the selector 36. For HDD1l, the
magnetic head is moved so that data is recorded at a
specified location based on the sent control signal,

command, and parameter.
[0048]

" In step 110, the controller 24 is set so that the
operation of the buffer selector 20 changes from B to
C. 1In step.112, the command stored in the host
register 22 and the parameter containing the data
storage address at which an offset is marked in step
104 areISent to HDD2 through an AT interface. At this
time, the control signal for_controliing HDD2 is sent

from the drive controller 42 to HDD2 through the

selector 38. For HDD2, the magnetic head is moved so
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that data is recorded at an offset and specified
location based on the sent control signal, command, and

parameter.
[(0049]

In step 114, the controller 24 is set so that the
operations of the buffer selectors 18 and 20 changes
from C to B. 1In step 116, it is determined whether a
signal representing data-transfer-enabled, in which
data can be recorded, is input from bofh HDD1 and HDD2.
It waits until said signal is input from both HDD1 and
HDD2 and, when said signal is input from both HDD1 and
“HDD2, in step 118, the controller 24 is set so that the
operations of the buffer selectors 18 and 20 change

from A to C.
(0050]

In step 120, information representing data-transfer-
enabled is written to the host register 22. Since the
host computer 10 reads the host register 22 regularly
to check whether information representing data-

transfer-enabled is written to the host register 22,
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the host computer 10, upon finds that said information

is written to the host fegistér 22, transfers data
through an AT.interface. Transferred data is seﬁt fo
both HDDl'and.HDDZ'through buffer selectors 18 and 20
and AT iﬁterfaces. .Thus, HDD1 and HDD2 record data in
a specified location through a magnetic head. That is,
for example, HDD1l records data A near the internal
circumference Cl of MD1l, as shown in Figure 4 (a), and
HDD2 records data A near the outer circumference C2 of

MD2, as shown in Figure 4 (b).
(0051}

In sﬁep 124, the controller 24 is set So that the
operations of buffer selectors 18 and 20 change from C
to B. 1In step 126, it is determined whether a signal
which represfnts the end of data transfer is input from
both HDD1 and HDD2, and waits until said signal is
input, and, when said signal is input, in step 128,
information representing the end of data transfer to
HDD1 and HDD2 is written to the host register 22 and

processing ends.
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[0052]

As stated above, since it.is so arfanged that identical
data is recorded at different locations on ﬁhe
respective MDs of HDDs, the recording of identical data
at locations near the internal circumferences on both
MDs of a pair of HDDs can be prevented. Thus, even
though data is recorded at a location near the internal
circumference on the MD of one HDD, since ddentical
data is recorded at a location near the outer
circumference on the MD of the dther HDD, the |
probability of reading data from the MD of the other
HDD can be made high and the probability of a
simultaneous retry in a pair of HDDs can be lowered,
even though a retry to send a parameter and a command
for reading data near the internal circumference on the

MD of one HDD is repeated.
(0053}

In the data recording above, an offset is marked at
either data storage address so that the data storage
address of the MD of one HDD and the data storage

address of the MD of the other HDD are symmetrical with
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. respect to the center of the radius of the MD, but the

invention is not limited to this. An offset can also
be marked at the data storage address of the MD of the
other HDD so that the data storage addresé of the MD of
the HDD is shifted for a predetermined address.
Therefore, as shown in Figure 5, when identical data C
is recorded, for example,_on.Hnol, for which no offset
is marked, if data is recorded near the internal
circumference Cl of MD1 (Figure 5 (a)), on HDD2, an
offset is marked éo that the address is shifted for a
predetermined address and data is recorded near the
outer circumference C2 of MD2 (Figure 5 (b)).
Moreover, for example, when identical data D is
recorded, on HDDl, if data is recorded near the outer
circumference C2 of MD1l, on HDD2, the address is
shifted for a predetermined address and data is
recorded at a location slightly shifted toward the
internal circumference Cl side from around the outer
circumference C2 of MD2. Here, for example, when data
D is read after data C is read, in HDDl, the magnetic
head moves to a position near the outer circumference
C2 from near the internal circumference Cl as it moves
from C to D on MDl. Furthermore, on HDD2, the magnetic

head only moves slightly to the internal circumference
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Cl side froﬁ near;the'outer.circumference C2. Thus,
when the reading position moves, the travel distances
of the magnetic heads vary in response to it by HDD1
and HDD2. Therefore, the time from recelv1ng a command
and readlng data untll reading the next data is

reduced..
[0054)

Next, reading identical data on a redundant disk
storage system will be explained. The processing
‘executed when an ID (Identity Drive) command is sent
from the host computer 10 for initialization when power
is turned on is explained with reference to Figure 6.
Moreover, the ID command enables the host computer 10
to receive HDD parameters. One parameter block
consists of_ZSS words of data. It requests that 256
words be transferred consecutively from the HDD to the

host computer in units of 16 bits.

When power is turned on, in step 132, the address
decoder 32 sends IOCS1l6 (a signal to change the bit
width from 8 to 16) in the address decoder 32,

generated in an IOCS1l6 generator 33, to the host
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computer 10. - After:;hé coﬁtroller'24 is set so that
thé operations of the buffer selectorslla and 20 change
from B to C, the'ID.command is sent to HDD1 and HDD2.
In step 134, parameters from HDD1 and HDD2 are étored
‘in RAM of an MPU 26 after thé controller 24 is set so
that operations of the buffer selectors 18 and 20
change from C to B. In step 136, stored paraﬁeters are
changed to parameters based on the use of HDD1 and HDD2
in which identical data is recorded, that is,
parameters (parameters for the mirrored disk) for

recofding identical data on a pair of HDDl and HDD2.
[0055])

In step 138, if an ID command is sent from the host
computer 10 to the host register 22, the ID command is
read from the host register and the host register 22 is
made busy to make the host computer 10 wait. Then, iﬂ
step 140, a write buffer command is sent to either HDD1
or HDD2, HDD1l for example, and the parameter, changed
in step 136, fér the mirrored disk is written to RAM of
HDDl. 1In step 142, a read buffer coﬁmand is sent to

HDD1.
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(0056]

In stép 144, it is determined whether a signal which
represents the ready state is input from HDDl_and waits
until the signal is input; When the signal is input, a
signal indicating that the redundant disk storage
system is ready is sent to the host register 22. Then,
in step 148}'the parameter, changed in step 136, for
the mirrored disk is read from RAM.of HDD1 and sent to

the host computer at the same time and processing ends.
[0057]

Thus, when parameters of HDDl and HDD2 are converted to
parameters based on use as a pair of HDDs in which
identical data is recorded and a command enabling the
host comput%f to receive parameters for the redundant
disk storage system is received, RAM in the control
means, needed to transfer parameters to the host
computer consecutively in partial rewriting, is

eliminated by the use of RAM in the HDD, simplifying

the controller structure.
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[0058]

Moreover, since the connection of the controller to the
_host computer and a ﬁair-of small HDDs with a largé
capacity through an AT interface is possible, mirroring
can be implemented evén with the small HDD used in

personal computers.
(0059]

Mbreover, since the bus for the control signal with the
host computer connects the host computer and the
controller through an AT interxface, this can make the
redundant disk storage system smaller compared to when

the host computer is connected using a SCSI.
[0060)

Moreover, the structure of the bus for data transfgr is
arranged so that data can be transferred directly
between the host computer and a HDD, but the control
signal is generated by the drive controller in the

controller to synchronize data transfer. Therefore,
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data can be transferred between HDDs without having RAM

in the controller.
[0061]

Next, reading identical data on the redundant disk
storage system will be explained with reference to
Figures 7 and 8. When sending of an ID command from
the host computer 10 ends, a cqmmand for reading data
from the host computer 10 and a parameter containing a
data read address for specifying the location of data

to be read on the MD of the HDD are sent.
[0062]

When this command and parameter are received, in steé
152, they are sent to HDDl and HDD2 after the

controller 24 is set so that operétions of the buffer
selectérs 18 and 20 change from B to C. At this time,
a control signal for controlling HDD1l and HDD2 is sent
from the drive controller 42 to HDDl1l and HDD2 through

selectors 36 and 38.
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(0063)

~In step 154, after the controller 24 is'set so that the
operations of the buffer selectors 18 and 20 change_
from C to B, the magnetic head of either HDD moves to
the specified data read address and it is determined
whether a signal which indicates datg-transfer-enabled
in which recorded data can be transferred to the host
computer is input, and waits until the signal is input
from either HDD, and, when the signal is input from
either HDD, in step 156, the controller 24 is set so
that, of buffer selectors 18 and 20, the operation of
the buffer selector corresponding to the HDD where the
signal is input changes ffom C to A, thereby allowing
the HDD with data transfer-enabled to be connected with
the host computer 10. Thus, the HDD connected with the
host computef 10 transfers data of the specified

address to the host computer 10.

[0064]

In step 158, it is determined whether a signal
representing data-transfer-enabled is input from the

HDD other than that transferring data, and waits until

- 43 -



This Sheet Has Béén Re THIS SHEET HAS BEEN |

[ fill

the signal is input;.ahd, when the signal is input, in.
step 160, the parameter is changed by changing data
read address in the paraméter sent from the host
computer 10 to another data read address. 1In step 162,
afﬁer the controller 24 is éet so that, of buffer
selectors 18 and 20, the operation of buffer selector
.corresponding to the HDD other than that transferring
data changes from B to C, in step 162, a parameter
containing the changed data read address is sent to the
other HDD. At this time, a control signal for
controlling the other HDD is sent from the drive
controller 42 to the other HDD through a responsive
selector. Thus, the magnetic head position of the HDD
other than that transferring data starts moving to the

changed data read address.
[0065]

In step 164, after the controller 24 is set so that, of
buffer selectors 18 and 20, the operation of the buffer
selector'correéponding to the HDD other than that

transferring data changes from C to B, it is determined

whether a signal representing data-transfer-enabled is
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input from the other HDD, and waits till the signal is

input, and, when it is input, processing ends.
[0066]

Here, in step 156, after the HDD which is daté—
transfer-enabled is connected to the host computer,
during processing from step 158 fo step 164, an
interrupt is made each predetermined time and the
interrupt processing in Figure 8 is conducted. That
is, in step 166, it is determined whether a signal
representing the end of transfer is input from the HDD
which is data-transfer-enabled, and if the signal is
not input, control returns as shown in the flowchart in
Figure 7, and, if the signal is input, processing

terminates.

[0067)

Thus, since it is so arranged that the magnetic head of
the HDD other than that transferring data is set at a
position other than the position where data
corresponding to the data being transferred is recorded

on the MD of this HDD, while data is being read from
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one HDD, the magnetic head in the other HDD can be set

at a position other than the location where data being
read is recorded, thereby shortening seek time when
next data is read and allowing data to be read

immediately.
[0068]

In the embodiment explained above, it is so arranged
that, when data identical to data transferred from the
host'computer is recorded at different locations on the
respective MDs of a pair of HDDs and data read from ﬁne
of a pair of HDDs is transferred to the host computer,
the magnetic head of the HDD other than that
transferring data is set at a position other than the
location where data corresponding to data being
transferred is recorded on the MD of this HDD, but the
invention ig not limited to this. This can also be

done as follows:
{0069}

That_ié, it is also so arranged that, when identical

data is recorded on a pair of HDDs, data identical to
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data transferred from the host computer is recorded in
different locations on respective MDs of a pair of
HﬁDs, and, when data read from one of a pair of HDDs is
transferred to the host computer, the magnetic head of
the HDD other than that transferring data can be set at
a position where data cortesponding to data being
transferred is recorded or at the initial location on

the MD of this HDD.
[0070]

In this case, since data identical to data transferred
from the host computer is recorded at different
locations on the respective magnetic disks of a pair of
HDDs, tﬁe recording of data at locations near the
internal circumferences on both magnetic disks of a
pair of HDDﬁ.can be prevented, thereby, even though
data is recorded at a location near the internal
circumference on the MD of one HDD, enabling identical
data to be recorded at a location other than near the
internal circumference on the MD of the other HDD and
lowerihg the probability of a simultaneous retry in a

pair of HDDs.
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Moreover, it is also so‘ar:anged that, when identical
data is recorded on a pair of HﬁDs, data identical to
data transferred from the host computer is recorded at
identical locations on MDs of a pair.pf HDDs, and, when
data read-ffom one of a pair of HDDs is transferred to.
the host computer, the magnetic head of the HDD other
than that transferring data can be set at a position
other than the location where data corresponding to
data being transferred is recorded on the MD of this

HDD.
[0072]

In this case, since it is so arranged that the magnetic
head of thedﬁnn other than that transferring data is
set at a position other than the location where data
corresponding to data beiné transferred is recorded on
the MD of this HDD, while data is being read from one
HDD, the MD in the other HDD can be set at a position
other than the position where data being read is

recorded, thereby, when the next data is read,
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shortening seek time and allowing data to be read

immediately.
[0073)]

Moreover, it can also be so arranged that, when
identical data is recorded at identical locations on
MDs of a pair of HDDs, when recorded data is read from
a pair of HDDs, the distance between the positions of
the MDs of a pair of HDDs and the MD positions for

reading the identical data differ in respective HDDs.
[0074]

Thus, while one HDD is repeating a retry to read data,
the magnetic head on the other HDD moves to the
location on the MD where required data is recorded and
when said magnetic head is located at said location,
the retry of one HDD ends, preventing a simultaneous

retry on a pair of HDDs.
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[0075]
[Advantages of the invention]

As-explained above, according to the invention as set
forth in Claim 1, since it is so arranged that, when
data is read, the distance between the magnetic head
positions and the maqnetié disk locations for reading
identical data on a pair of hard disk drives differs in
the respective drives, a pair of drives will not start
reading data simultaneously, and moreover, the
probability of a simultaneous retry on a pair of hard

disk drives can be lowered.
[0076])

According to.the invention as set forth in Claim 2,
since data identical to data transferred from the host
computer is recorded at different locaﬁions on the
magnetic disks of a pair of hard disk drives, the
recording of identical data at locations near the
internal circumferences on both magnetic disks of a

pair of drives can be prevented thereby, even though

data is recorded at a location near the internal
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circumference on the magnetic disk of one hérd disk
drive, enabling identical data to be recorded at a
location other than near the internal circumference on
the magnetic disk of the other drive and lowering the
probability of a simultaneous retry on a pair of

magnetic disks.
[0077)

According to the invention as set forth in Claim 3, it
is 56 arrange§ that the magnétic head of the hard disk
drive other than that transferring data is set at a
positiog other than the location where data
corresponding to data being transferred is recorded on
the magnetic disk of this hard disk drive, thereby,
when the next data is read, shortening seek time and

allowing daga to be read immediately.
[0078]

According to the inventidn as set forth in Claim 4,
since data identical to data transferred from the host
computer is recorded at different locations on the

magnetic disks of a pair of hard disk drives, the
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recording .of identical data at locatibns.near the
internal circumferences oﬁ both magnetic disks of a
pair of drives can be.prevented theréby, even though
data is recorded at.a location near the internal
circumference on the magnetic disk of one hard disk
drive, enabling identical data to be recorded at a
location other than near the internal circumference on
the magnetic disk of the other drive and lowering the
probability of a simultaneous retry on a pair of

magnetic disks.
[0079]

According to the invention as set forth in Claim 5,
since it is made possible that parameters stored in
each storage means are converted to parameters based on
the use of gohard disk drive device consisting of a
pair of hard disk drives in which identical data is
recorded and are stored in either storage means, said
stored converted parameters are read and sent to a host
computer, and the host computer receives parameters for
the hard disk drive device, a storage means, RAM for
examplé, in a control means, needed for consecutively

transferring said parameters to the host computer, can

- 52 -




THIS SHEET HAS BEEN

This Sheet Has Been Re REPLACED

L T

be eliminated, allowing said controller structure to be
simple and the redundant disk'storage system structure

to be simple and manufactured at low cost.

4. Brief Description of the Drawings:

Figure 1 is a block diagram showing a redundant disk
Storage system of the embodiment according to the

invention;

Figure 2 is a detailed circuit diagram of a control

circuit;

Figure 3 is a flowchart showing the operation (data.
recording) of a redundant disk storage system;

Figure 4 is a drawing showing the relationship between
locations of recorded identical data when identical
data is recorded at symmetrical positions with respect

to the center of the radius of the hard disk;

Figure 5 is a drawing showing the direction and

distance of travel in reading the next data from the
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magnetic disk location when some data is read when

identical data was recorded at different locations;

Figure 6 is a flowchart showing initialization when an

ID command is received from the host computer;

Figure 7 is a flowchart showing the operation (data

reading) of a redundant disk storage system; and

Figure 8 is a flowchart showing the interrupt
processing conducted each predetermined time when the
processing of reading data from a redundant disk

storage system is conducted.

[Description of symbols]

10 ... host computer

12 ... controller

14 ... hard disk drive device
HDD1, HDD2 ... hard disk drives
MDl, MD2 ... magnetic disks
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