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Redundant disk storage system

2. Claims:
(1) 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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one of the pair of
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for recording data o sk V\:hl chis a magnetlc recordi ng nmedi um
for recordi ng and readi ng data froma magnetic disk is an essential device
for storing

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.
(2) 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 controlier for controlling said hard disk drive
deyice 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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(3)

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



fromreading or storing data and pLQgrmMLstop t he '
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recordin cont'mgslheat di smmmm ‘?T shER d di g3k
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position other than that where data corresponding
to said data being transferred on the magnetic

disk of this hard disk drive is recorded.

(4) 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.
(5) 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 and, 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
pair of drives and transferring read

computer.

(0002]

[Prior art and problems to be solved
A hard disk drive for recording data

which is a magnetic recording medium

reading data from a magnetic disk is

from one of the

data to the host

by the invention]

on a magnetic disk
for recording and

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



transfer and record data (data- tranéfer-enabled) data frenTT
conputer is sinultaneously sent to tRAgisRAdef HRBed R ﬁéd t HarEH

sent data on both magnetic disks of th br eover

redundant di sk storage system processe IM!HIE@[H TEN It receives a
data read conmmand (read command) from This case involves a
first and second net hods. '

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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waits until the-hard disk drive to whic nmand
to read data (read-enabled possible). is read-abled, to
read data, information indicating read- t to the host

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 wheﬁ 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 first and second methods.



conputer and required data is transferer"f“r‘GTf‘rt‘h—h—’d—dl s

t
host conputer. In this method, the contgal | &,
time is required for author|2|ngafaH%‘gs}n&{ﬁg dISk dri vE r!f‘ '
a read command i s received, and, noreove NHHIH he sent to

t he remini ng hard disk-drive after faiI |on Therefore, if a
failure occurs in either drive, along tine is reqU|red fromread command
receiving to the conpletion of magnetic disk data reading.

[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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reqU|red data is transferred froma hard whi chever—of T he

met hod, both of a pair of hard disk drlJ@ﬁS Bﬁ? omand &FLAC
pair.of drives becones data-transfer-enab

[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 -



‘Use of ‘this nmethod shortens the read tinefa%»a—+f&¢iﬂ7?ﬁﬁT—a
conpared to the first nmethod - because, even f Lot iﬁHﬁr*géhp
di sk drive, only one of the pair of drlve ﬁ‘ﬁa\tﬁid o tiransfer

- However; in this nethod, if necessary dat ear YHe | nternal
ci rcunference on the.hard di sk, the read read by the
magnetic head is | ow and data nay not be recognized in sone cases.
Therefore, the drive itself nust repeat a retry to read data or the

redundant di sk storage system nust
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)

Moreove;, 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
disk 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 -



[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 bec;use 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 restfictions.
(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.

- 14 -
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redundant’ di sk storage system which cang Lk B BRE héeg® f _

read request is made for the hard disk T vemen Lheheead™
a location where required data is recor d}“llﬂ“"ﬂm H{ﬂul n the conventional
redundant di sk st-or-age system it was:di orporate a hard disk

drive in a conputer, e.g., a personal conputer, because : :

[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

- 15 -
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hard di sk drive was generally used to connect. the redundant disk controller-
and a pair of hard dlsk drlves thereby naklng the capacity
bytes possi bl e.

of tens of G

controller controls said hard disk drive device so

that, when recorded data_ls read from said pair of hard

disk drives, the distance between the magnetic head

positions and the magnetic disk locations for reading

identical data in said pair of drives differs

respective drives.

[oozo}‘

in the

For the attainment of said first object, the invention

as eet 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 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

controller controls said hard disk drive device so that

data identical to data transferred from said host

- 16 -
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REPLACEMENT SHEET Date: 2 1 NOV. 1995 -8- Tn contrast, t!)q-,t;,g PNEet p;\g@gg@
was general |y used for personal conppis@hectianBeG rRpiseR! | |'t gecnabed d di $K
sk driweld

drive. However, an AT interface was n ' r edundant
because the maxi num capacity of a.

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.

- 17 -
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connected was limited to 528M bytes du®his$h %t i orls. HB .
| arge-capacity hard di sk drives have ‘be i pi dl ' '
devel oprment ‘of an MR head, etc., and jit sible to manufacture

even a 3.5-inch hard disk drive having a capacity exceeding G bytes which
can be built into personal conputers. Mreover, with the addition of ATA
specifications by ANSI, it has becone possible for BIOS to access a | arge

[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

- 18 -
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even in_small hard disk drives used for tefs !
edundant di sk

SHEET Date :.21 NOV 1995 In this connec
control | er Lo o

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

- 19 -
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connected to a host computer with an AT interface, I nt er ngtr—tata—RAM-was
needed. This was because synchroni za,thisggeemdgbgg hoseen t HEHIFOIMEER MASIREEN |
- di sk drive was ‘severe and consecutlveHmEHME 56 vvorcs of ABRHALERAs -

needed for processing an Identify Dri
Drive command i s executed once for in

I's turned on. The command enabl es the host conputer to receive paraneter

Is, Thetdentify
mmmauﬂyaﬂerpmmr

information fromthe hard disk drive. A paraneter block consists of 230

wor ds of

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 -




data. The conmmand requests the consecutrve transfer of 256

fromthe drive to the host conputer irdh ™ %E TRbsy
must to be partially nodified for the c perateLg air-
di sk drives. Therefore, data RAM for s of data had to be

~incorporated into-the controller. Thus t he controller circuit structure
was conplicated and cost increased. : ; : C

Moreo#er, when a retry to read data on one drive is
repeated, the magnetic head in the other drlve moves to
the p051tlon where required data is recorded and when
sald magnetic head moves to where requlred data is
recorded, 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,
sinee, 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 made. 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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Claim 1l provides a redundant disk st onprisf Ng KebEk
drive device consisting of a pair of H'H"TVGS hawd

di sk which is a magnetic recording

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

.22 -



recording data and a magnetic head f
said magnetic disk, and a controller for controlllng
device so as to record data |dent|CMTMgﬂmmHﬁ

computer in each of said pair of hard
said pair of drives, and transfer read

ad data from one of
st conputer; said

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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of hard disk drives, the distance between ead pest+tions—amd
the magnetic disk locations for reading i n said pair of
drives differs in the respective drives. For the attainment of said first
object, the invention

hard di sk drive device so that, when rec&iﬁétﬁat&elsg d from s’aPU‘@

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 thei
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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———————— .

as set forth in.Caim2 provides a redundant—di-sk—storage i@y@&r&qqmyggg“n

a hard di sk drive device consisting of a pair of, har dlsﬁ r|¥@§Unﬁnlng 3

magneti c di sk which is a magneti c r qrigsidet

magneti ¢ head for recording and readi

and a controller for controlling. sai dm ve device so as to
re r

record data identical to data transfe
said pair of hard disk drives,

and

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.

- 25 -
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transfer read data to the host conput er; said control [ er contTOSSHERT HARSEEN .

different | ocations on the

" disk drive device so that data |dent|cal THiBnalAfa HebAnshanr ed | f r onFEEAGE iPmost
REPLACEMENT SHEET Date:. 21 ‘NOV 1995 - “]I‘nm ml ﬁ recor ded at

[0036]

Thus, since parameters s:tored 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. Figure 1 shows a
block diagram of a redundant disk stérage 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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respective magnetic disks of said pair orﬁaFTV€§~—FBF~fﬁE_at

v Qhs BEEN

' said second object, the invention as setpfa Jeh{dslﬁe&ih@ 1ed pr HVE E ACED \
redundant di sk storage system conpri si ng |ve device e
consisting of a pair of hard disk drives tic-di Wich is a
magneti c recording mediumfor recording d etic head for

recordi ng and readi ng data recorded on sald.nagnetlc disk and a controller-
for controlling said hard disk drive device so as to record data identical
to data transferred from

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 host computer

- 27 =~



a host'conputer I n each of said pair of "drives, reads data fr

SHEEC% HA%EQN

pai r- of drives, and transfer read data 198 den R Lf er; Eu _
controller controls said hard disk dri vtéﬁsghtl& den , Whi | dat%P%%CaE S
fromone of a pair of drives is beingtra‘ HM“HEMH i d host™conputer,

t he magnetic head of a drive other than t ng said data is set

at a position other than the |ocation where data corresponding to said data
being transferred on the magnetic disk of this drive is recorded.

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
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REPLACEMENT SHEET Date: 26 JUN 1996 -- 13-Furthermore—for t. iH@tgi-aéemmstBEEN
; . QREPLACED

of said first object, in the invention as set .LP ip %Iaim
controller according to the invention aShisseet &5 m
control said hard disk drive device so t>1 | I |H H” |

signal of the host computer 10 is connected to the host

register 22 through an AT interxface and the addréss
'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 bésed
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
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data identical to data transferred from sai d host conputer_1 fﬂQS@&EN _
different |ocations on the respective ImhigShdei Mas Bl ﬂpl&fe d sail c | hmﬂ_Ac

IR

di sk dri ves. REPLACEMENT SHEET Dat e:

C. Selectors 36 and 38 are connected to AT interfaces,

~ 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
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[ Operation] According to the invention as set forth in Clain11,T%Sg9@gfghsEan
‘means records data identical to data transfpish@HisBesi Repla@st CcONpUt-gEp ABER

magnetic di sk which is a magnetic recording ' h a
and reads data fromone of a pair of hard d IVENT - SHEET

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
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Date: 2 1 NOV 1995. - 15 - drives through a magneti c di sk @gmdtransfers

read data to the host conputer. Here, tTheS Tﬁﬁlﬁ‘fﬁﬂtr Té'st%?hﬁ?@sﬁﬂ%k

drive device so that, when recorded dat a| paijr of ﬂﬁﬁﬁ %lsk
drives, the distance between the magneti ns of the. pair of
drives and the magnetic disk |ocations for reading identical data differ

t he respectlve drives. : ' T Co

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
parametef 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.
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Thus, when recorded data is read freﬁ%a—paFF—e#—haFd—d+sk_driVes ' g
di stance between the nagnetic head positions of the pair of | 1308 BERR

magnetic di sk | ocations for reading iT8ighgechas B lated f er s iT%Ht €PLACED
respective drives, in the case where iE i |ﬂEﬂ I s recarded at—the
i dentical |ocation--en the magnetic dis i f drives, for -exanple,
data readi ng on one of a pair of drives can be started prior to data
readi ng on the other drive, preventing data reading on a pair of drives.:
fromstarting simultaneously. o . _

- [0047)

In step 106, a controller 24.is_set so that the
operation of the buffer'Sélector_la changes from B'ﬁo
C. In step 108, comﬁand;-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. In 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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‘REPLACEMENT SHEET Date: 21 Nov 1995-— 16 - Nbréﬁ*—”"mhe read
data on one drive is repeated, the ma netlc la tTiNES SIBEET\HAS'BEERS
to the position where required datalh “ mﬁd when sai REPIBREDL | C

head noves to where required data is

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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recorded, retry on.one drive ends, thereby-lowering—the probability of a ——
simul taneous retry on a pair of drives. Mreover, even thoughj %QﬁkbﬁHASBEB@\
heads of a pair of drives are set at &his8hegtHayB et i cal _p(5| | QEpLACED !
identical data is recorded at differ ent MIH || the respdctive.

magneti c di sks of -a-pair of drives, srn ve, for exanple,

required data is.recorded near the |nternal circunf-erence on the hard di sk,

the probability of a retry wth respect to the nagnetlc di sk of sald drive

is | ow because required

the host computer 10, upon finds that said information
.is_written to the host fegistéf 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 repreeents 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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data is not recorded near the internal C|rcuﬁference on the nagnetlc di sk

of the other drive even though a ret S REpBLEf Oor g—tiTE

of a sinultaneous retry in a pair oﬂ% Sh ¢ FR e Iowerfﬂﬁsﬁéﬁ'rgég,%#h'ng
to the invention as set forth in d ai ﬂnmﬂu !I er c ntro?%"% ard _di sk
drive device so that data identical t rred

y:

om a host

[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 other 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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REPLACEMENT SHEET Date : 21 NOV 1995 - 17 - conﬁUFEF‘rs—fecorded at

different locations on-the respective ThigBRbirGsf

ks _

since data identical to d &Htg)g.ﬁggq:(pmgmggn :

I s recorded at di fferent |ocations on t ﬂﬂ gnetlc di gketaTEDa - |
pair of hard disk-drives, the recordlng at a ati-losattens g

. respect to the center of the radius of the MD, but the

drives.

R

air _of hard dlqk

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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near the internal circunferences ow%mﬁﬂrﬂnﬂﬁﬁﬁTTfalsks 3L4%4ﬁ¥+—1ﬁ—Tthe
can be prevented, thereby, even tho ' plgled trHe SHEERHASBERR 4

one drli ve, RERIASEPNg

han nelas—t+re—Trer nal
ve and |l owering the

'
the internal circunference on the en
identical data to.-be recorded at a Io

ci rcunference on the magnetic disk of

-

probability of a sinultaneous retry on-a palr of magnetic disks:.” NMoreover,

according to the invention as-set forth in

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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Caim3, a controller controls a hard disk drive device REPL ACENENL

SHEET Date : 21 NOV 1995 - .18 - so thaty fr RNGERT HA\S BEEN
pair of hard disk drives is being transfe ﬁiiﬁﬁﬁﬁi}l@&gom tﬂe"r, REPMEACED

magneti c- head of a drlve other t han that

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, ih
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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transferrlng data is set at a position ot her than the | ocati on
correspondi ng to. data being transferredmf@sﬁebﬂ{aBB&HRE leeddi Sk qp|§§4§TdemEN
is recorded. Thus, since the magnetic he ther tihan iREPUACED
transferring data is set at a position ot ocat| where—get-a—
correspondi ng to data being transferred o disk of this drive,

when the next data is read, seek tine can be. reduced and data read
i medi atel y. ' -

(0056]

In step 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 computef 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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Moreover, in the invention as set forth in Caim4, a controller—accordi-Ag
to the invention as set forth in C ai Myl Q8 HaMBesn Replidedd - dij Tl41SOSHEEE HAS\BEER:

so that data identical to data transfer conﬁuterRH&Acg)
REPLACEMENT SHEET Date : 26 JUN 1996 - 1 ‘

[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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of hard di'sk drives. Thus, since data {edifal BdePrRGREA 1 A

host conputer is recorded at different | ' [ ere as oti b
di sks of a pair of drives, the recordi ném u dat ajat
near the internal circunferences on bot | I'SKs of pair of drives

can be prevented, thereby, even though data is recorded at a | ocation near
the internal circunference on the nagnetic disk of one drive,

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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allowing identical data to be recorded at a location other t
internal circunference on the magneti c dhisBheedfHas Been&eplawed dr i

the probability of a S|nultaneous retry gnetl
REPLACEMVENT SHEET -Dat e: 21 NOV 1995 :

(0063)

amITear_ T ne

iRt g@j?ﬂ%" o

L di S

~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 from 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 computer 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
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- 20 - which is a magnetic recordi ng nedi umthrough a magnetic head and :
-reads data fromone of a pair of hard digkgiinesehRLQUIN 2| fRGReEECHES BKeN |

and transfers read data to the host conp %lanet rs i gkt ng al
magneti c di sk and a magnetic head are'sthﬂu B%H or agé—neans—of—a— - -
pair of drives. Then, a controller reads red in each storage
means of a pair of hard disk drives, converts

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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read paraneters to paraneters based on-theuseof—thehard di | —
device of a pair of drives recording id ntg ca L3, tegres AN gEedTahS BEEN
paraneters in the storage neans of eith #:ﬂ - '}illeﬂE rivies, MERCACED '

converted paraneters stored in the stora ri vel—and-sends—read
converted paraneters to a host conputer, I1ing a hard di sk
drive device so that the host conputer can receive paraneters from

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 data-
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



REPLACEMENT SHEET Date: 26 JUN 1996 21 Mlhe_iﬁbodm@gmmm&m

I nvention i's explained in detail bel ow reference to dram ngsgepbAciy © 1 -
shows a bl ock diagram of a redundant d| hﬂnaccwrdlnn to the. .

enbodi nent. As shown in Figure 1, ‘a redun age systemis
prOV|ded with a hard _

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 shoftening seek time whén
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 ene
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 is not limited to this. This can also be

done as follows:
{0069}

That is, it is also so arranged that, when identical

data is recorded on a pair of HDDs, data identical to
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di sk drive device 14 having a pair of-hafd—dLsk_dLLues_Lnerrafter HDD) 1
and HDD2. Each HDD1 and HDD2 is REPLACENENT SHEET Date iHNQ#Et9ﬂisggaQ

provi ded wi-th a magnetic disk (here She _ . for naqgmﬂpng
N |

data, a magnetic head for

[\N

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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recording MD and readi ng data recorded on the MD, and RAM f
paraneters indicating the characteri stiTis Shéet HaBMRe, m&gnet :
HDDs conprising them Each HDDl1 and. HDD2 ~ontroller ~
and a host conputer 10 through an AT int troIIer 12 controls
each HDD1 and HDD2.-to record data identi

10 in each MD of a pair of HDDL and HDD2, read data fromthe

host conputer

OafH|§] %%'Tqilwseem 3

MD of one HDD of the pair, and transfer

[0071)

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 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
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,

- 48 -
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read data to the host corrputér' 10. The control [er 12 is proy -
bidirectional buffer 16 connected to a Gis8nhdatissBenlR! Qi.aogtpst FOIHRHEET HAS BEEN

REPLACEMENT SHEET Date :2 1 hEN’1995 23 1 T i ntler f aBEFLAGED
shown in Figure 2. The I I"ﬂJ ' - ;

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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terminal A Buffer selectors 18 and 20
through term nal B:--The host register 2 to the bidirectiona
buffer 16. The host register 22 is used 0 store paraneters and conmands
fromthe host computer 10. Buffer selectors 18 and 20, connected to a bus

bidirectional buffer 16 is used to hQLd~saLd—daPa—%enpUTariI n_data is
transferred between the host conputer 10 and HDD1 and pm SHEETHA
bi directional buffer 16 is connected tmlsbhﬁefﬁ ﬁﬁﬁ s 18 5) 656\’

[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

- 50 -
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controller 40, are used to transfer data by switchimg-termnals A B, and C

to termnals Aand Cor termnals B ; ased on the datajty oo
~direction between the host conput.er %mﬁmﬁﬂ DD2 ba;gﬂgtﬁﬁggs BEEN

signal fromthe bus controller 40. Th 2 is prouided wt ;%h
address decoder 32-and selectors 36 a for the contro

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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- 24 - signal of the host computer 10 is connected To the host reQ|ster
through an AT interface and the addressrhqiesﬁ&gﬁ&ﬁ&RCTacegadf’Frﬂ%%

is used to specify a wite address for er KEEF& é
fromthe- host corrputer 10 to the host rve\gﬂ Hﬂ!ﬁ d ontthe mntro
signal fromthe host- conputer 10. Moreov r the control signa
of the host conputer 10 is further connected.to HDD1 and HDD2 through

sel ectors 36 and 38 and AT |nterfaces

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
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38 when data is transferred fromthe host
fromHDDL or HDD2-t-@ the host conputer 1
sel ectors 18 and 20, bus controller 40,
connected to an MPU 26, which has RAM-and RCNl Buffer sel ectors 18

Sel ectors 36 and 38 are connected with a drive controller 42. The drfve

controller 42.is used to send a control signal for speC|Ty|qg"§1M¥é#

OI"

o) 1.@
i ster 22, buffer
oller 42 are '

g
address of HDDl and HDD2 to HDDyRRghetiP8ed ﬁﬂﬁ sel €c éEﬁg

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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and 20 are connected to AT interfaces through term naI

21 NOV 1995 - 25 - C. Selector are connect edistaMEATHAS BEEN |
whi ch are connected to HDD a d '
redundant di sk storage system

interfaces,

gper tloanﬁAeED

"W

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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structured |like the above is explainedémk%h—Fe%eFeﬁce—ro*thé flowchart in
Figure 3. The recording identical data is explalned f|r

EEN

conputer 10 sends a conmand. for recor di as Q]En% %i CE§BF 4
MDs of HDD1 and HDD2 and a paraneter con storaqe a ress of ...
MD for recording data, for. exanple, an a outer circunference

C2 of MDto the controller 12 (Figure 4 (a). At thIS tlne, t he host
conputer 10 sends a control signal to the address decoder 32, which

[Document type] Abstract
[Abstract]
[Object]

The object of the invention is to transfer data between
a host computer and an HDD without having data RAM in a

controller.
{Constitution]

When power is turned on, after the operations of buffer
selectors 18 and 20 have been changed from B to C with
the setting of a bus controller 40, an ID command is
sent to HDD1l and HDD2. After the operations of the
selectors 18 and 20 have been changed from C to B with
the setting of the controller 40, parameters stored in
HDD1 and HDD2 RAM arxre stored in MPU 26 RAM and stored
parameters are converted to parameters for the mirrored
disk. Converted parameters are written to HDDl RAM.
Then, parameters for the mirrored disk are read from

HDD1 RAM and simultaneously sent to the host computer.
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m————

sends a command and a paraneter of thé‘hmﬁrér—m—an EEN
signal for specifying a recordi ng addrgss t h S eglsrnﬂsaﬁEE1gE§ ost
regi ster 22 stores commands and parane t hel bi di FEEER Jyﬂ_ﬂ
buffer 16 at a | ocation specified by a “ l SHEET
Date: 2 1 NOV 1995

2

()]

(Selected Drawing] Ffigur
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-26 of the host register 22. The host reg| ster 22 is read in step 102 a
an offset is marked at the data storage‘hlasld:éteESB&ﬁR cedTet er RyakCikeN

A nmet hod for marking an offset at the d ress af“%?‘ﬁgfgﬁps is |

expl ai ned bel ow. An offset is marked at Blﬂ ! o that; data i
to data transferred fromthe host conmputer ded at “di'f ferent

| ocations on the respective MDs of a pair of HDD1 and HDD2. As stated
above, if identical data is

(Document type] Drawing

[Figure 1] (1/7)
AT-I/F AT-VF |r “““ ‘{
- 2. J {
Host ’ ‘~r>l HDD1 :
computer | ‘r > Controller ' I I
] ]
S <——>j<—> HDD2 | |
I f
10 3

< ATYF T

12 '

14

HDD1l, HDD2 Hard disk drives

14 Hard disk drive device



recorded at identical Iocatlons near the i nternal circunferepnce ClL of—the

MDs of HDD1 and HDD2, when recorded esHasBaed elh:edread \(gistg}geTHﬂS@éET&\
read fromthe magnetic head is | ow and, isre daerLA®EY not |
be recogni zed. Therefore, an offset is her dat sterage

address of parameters so that-both dat a recor |ng ocations of MDs are not
near the internal circunference. For exanple, an offset is marked at either
data storage address of paranmeters so that the data storage address of the
VD - '

[Figure 2] (2/7)
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of one HDD and the data storage
symmetrical with respect to the center of
NOV 1995 -27- the radius of the MD. Thanidihdet HxeBex
Figure 4. Wen the data storage address

[Figure 3]

IR

Read host register
contents

——102

1

Mark offset at parameter
data storage address ——104

)
‘Set controller ———106
)
Send parameter and
command £o HDDL ~—108
I
Set controller —110

1

Send offset parameter
and command Eo HDD2 — 112

I

‘Set controller 114

indicating data-
transfer-enabled input
from both HDDs?

116
Set controller —~—118
I
Write information on data- 120
transfer-enabled to host register
.
Set controller 122
T
Set controller ~—124

%

Signal i;;::;:IHE\\

end of transfer input
from both HDDs

126

Write end-of-data-transfer

information to HOD in host register 128

address of the MD of the other are.

REPLACEMENT SHI

aceded Wit

DafigeT HASIBEEN |
v r ofeerati®e to |
I
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of the paraneter sent fromthe host conpuLeP—%G— iHAterna
circunference ClL of the ‘MD, an offset is not mar ked a the d tTalSsﬁ*'@FEEgSBEEN!
address of the paraneter for HDD1, but, Whis t he data“@?ﬁ :
address of the paraneter for HDD2 so that B ned synnetrrcally )

Wi th respect to a point near the center f the MD, that is,

it comes around the outer circunference C2 Thus, identical data, for

exanple, the |ocation of HDDlL where data Ais recorded, is around the
internal circunference Cl of

(Figure 4]

(4/7)

(b)

[Figure 5]

MD 1)4 R AN

D2
(a) (b) M



recordi ng | ocations from being around rcunferignce Cl

Mor eover, when the data storage address ter sent fromthe host
conputer 10 is near the outer circunfer MD, for exanple, the
| ocati on of HDD1 where data B is recorded is around the outer circunference
C2 of MD1 and, in HDD2, it is around the internal circunference Cl of M2.

MD1, and identical data, for exanpl ' ion 0 s '
recorded, is around the outer ci r cunt ereiceﬁB iﬁw prev Nt q! atndata

[Figure 6] (5/7)

( Start ]
|

Send ID command to both HDDs {——1732

1
‘Store parameters from both HDDs
in RAMp 134

1
Convert parameters to parameters
for mirrored disk 136
|

Read ID command, from host

. : —~ 138
computer, from host register

1

Send write buffer command to HDD1f—— 140
1

Send read buffer command to HDDl [—~—1472

Signal indicating
ready input from HDD1?

144
| v
Send signal indicating redundant

disk storage system is ready t0 (——146
host register :
I

Send parameter for the mirrored
disk of HDD1 to host computer —— 148
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- 28 - In step 106, a control
buffer sel ector
paranmeters stored in the host
interface. At this tinme, the
fromthe drive controller 42

[Figure 7]

18 changes fromB to C

1 t hke
S|gn I ng HDD1 Is sent

ler 24 is set so that the operat
TMSSE& asl®8n Repingdands

regi ster
control

Send command and parameter to
both HDDs

——152

data-

Signal indicatin
transfer-enabled input
from either HDD?

154

HDD to

Connect data-transfer-enabled

host computer

[ ~—156

data-

Signal indicating
transfer-enabled input
from other HDD?

158
Y
Change parameter —~160
I
Send changed parameter and _
command tg other HDD 162

Signal indicating
data~transfer-enabled input
from other HDD?

s @hEENAAS BEEN
and- REPLACED
oL |n h ah AL
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to HDD1 through the selector 36. For HDDl, the nagneti-e—hea ovet—so

that data is recorded at a 'specified Iocatlon based on the sentTEwmﬁﬁﬁﬂrHASBEH“
signal, conmand, and parameter.- In step 1&9&m&hﬁsb®mR tder 24 i s s BEPLAGED

t hat the operation of the buffer sel ect or mB to M3Tep

112, the command stored in the host regist paraneter
containing the data storage address at whi an 0 et is marked in step
10.4 are sent to HDD2 through an AT interface. At this

(o)

166

Signal 1nd1cat1ng
end of transfer input from HDD
starting transfer?

=) (=)



. g . . . .'.K.:; ’f" ’ 15 ,:_'_.{:,?@
time, the control signal for controlling HDD2 is sent froxti.lecgu—v-e——’—i——‘

controller 42 to HDD2 through the sel ector 38. For HDD2, {lheesBatatenT SREET
i's nmoved so - 29 - that data is recorded at an offset dnd spgcified
| ocati on based on the sent control signal, conmmand, and pﬁtr_m@t,_,_[l__ﬂﬂy"]g%_m
-1- ) ' e
- PE-13 ded Y-3Y
Specifiéation
1. Title of the Invention:

Redundant disk storage system

2. Detailed Description of the Invention:

[Field of the invention]

The present invention relates to a redundant disk
storage system and, more particularly, to a redundant
disk storage system for recording data identical to
data trénsferred from a host computer in each of a
. pair of hard disk drives and reading data from one of
the pair of drives and tfansferring res¥data to the
host computer. '

[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 recording
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



In step 114, the controller 24 is set so that the operati
sel ectors 18 and 20 changes fromCto B. In step 116, it
whet her a signal representing data-transfer-enabled, in ga
recorded, is input fromboth HDD1L and HDD2. It waits untill P8&i‘d-Si"dha A
i nput from both HDD1 and HDD2 and, when said signal is |ﬁﬁﬂ%‘f?6ﬁ?both HDD1
and HDD2, in step 118, the controller 24 is set so that the operations of
the buffer selectors 18 and 20 change-fromA to C.

-2 -

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.

- To prevent.this, a multiplexed disk recording
controller (redundant disk afray) 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 hard disk drive has already been p;oposed.
The mﬁltiplexed disk controller is provideQ*::;h RAID
0, RAID 3, and RAID 5, which divide data among a
plurality of hard disk drives and RAID 1 records data

on two hard disk drives redundantly.

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



HREU-ACGEMENT SeBct
he host register

D7 a@s . eNORIIogE o

1h step 120, information representing data-transfer- en
the host register 22. Since the host conputer 10 reads
regularly to check whether information representing dat
is witten to the host register 22, . REPLACEMENT SHE

_-‘3-_

failure occurs in one hard disk drive, data reading,

etc., can be done using the remaining drive.

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—egsﬁ&ed), 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.

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 first and second methods.



- 30 - the host.conputer 10, upon finds that said infor
the host register 22, transfers data through an AT inter
data is sent to both HDD1 and HDD2 t hrough buffer sel ect
AT interfaces. Thus, HDD1 and HDD2 record data in a specit¥r
t hrough a magnetic head. That is, for exanple, HDDl1l records data A near the
internal circunference ClL of MD1, as shown in Figure 4 (a), and HDD2
records data A near the outer circunference C2 of

_ _ 4 -

wnm———

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 té 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 tranéférred.from the hard

disk drive to the host computer.

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,
énd, moreover, a read command must be sent to the
remaining hard disk drive after failure authorization.
Therefé&e, if a failure occurs in either drive, a long
time is required from read command receiving to the

completion of magnetic disk daté reading.



MD2, as shown in Figure 4 (b). In step 124, the controll ﬁEELkﬁﬂngTéﬁEET
that the operations of buffer selectors 18 and 20 change {from Czq n[)VI]ggs
step 126, it is determ ned whether a signal which represe Esnihe endof
data transfer is input fromboth HDD1 and HDD2, and wait st SI gna
is input,-and, when said signal is input, in step 128, information
representing the end of data transfer to HDDL and HDD2 is witten to the
host register 22 and processing ends.

__5_.-

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.

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,:i:ﬁ drive,
only She of the pair of drives must be able to transfer
data. However, in this method, if necessafy 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 ﬁot be recognized in éome

- cases. Therefore, the drive itself must répeat a retry
to rea& 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 eventualiy enables data

to be read. Therefore, if required data is recorded

near the internal circumference on the hard disk, the



REPLACEMENT SHEET Dat e: 21 Nov 1995 - 31 - As st at efFabovE—=] i
so arranged that identical data is recorded at differenfxﬁ‘” qrﬁﬁﬁfﬁyé%%
réspective Mbs of HDDs, the recording of identical dataiq;

t he internal :

.................................

ci rcunferences on both

- 6 -
probability of not reading data rises or a long read

time is needed.

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

disk drives simultaneously.

—
Moreover, in the first or second method in séid
redundant disk sﬁorage 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 db not differ greatly in the time for
movement from the location of data previously recorded

to that of reguired data.



MDs of a pair of HDDs can be prevented. Thus, even tho
at a location near the internal circunference on the
identical data is recorded at a | ocation near the oute
the MD of the other HDD, the probability of reading datipDR€om:

ot her HDD can be made high and the probability of a si neous retry in a
pair of HDDs can be | owered, even though a retry to send a paraneter and a
command for reading data near the internal circunference on the
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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
éisk drive to the movemgnﬁ of the head to a location

where required data is recorded.

Moreover, in the conventional redundant disk storage
system, it was difficult to incorporate 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 computer, the interface of the hard disk
drive had to be connected with a cable. In this case,
to avo;d malfunctioning due to noise, a small computer
éystem interface (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.



MD of one HDD is repeated. In the data recordi ng abov
at either data storage address so that the data storafjeq
of* one HDD and the data storage address of the M of
symretrical with REPLACVENT SHEET Date :...21 NOV{|1899%:

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

due to BIOS restrictions.

o~

Howévér, large-capacity hard disk drives havé been
downsized rapidly by the development of an MR head,
etc., and it has become possible to manufacture éven a
3.5-inch hard disk drive having a capacity exceeding G
bytes which can be built into personal computers.
Moreover, with the addition of ATA specifications by
ANSI, Tt has become posﬁible for BIOS to access a large
capacity, the same level as for a SCSI, even for a 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.



- 32 - respect to the center of the radius of the M, IhgbmﬁcEwgwnsﬂnEn
not limted to this. An offset can also be marked at th data ora
address of the MD of the other HDD so that the data stojgge @ 3
MD of the HDD is shifted for a predeterm ned address.
in Figure 5 when idéentical data Cis recorded, for exanple, on HDD1, for
which no offset is marked, if data is~ chorded near the |nterna
circunference Cl of M1 (Flgure 5 (a)) T on HDD2, an

..........

In this coﬁnection, in the redundant disk controller
connected to 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 processing an Identify Drive
command. That is, the Identify Drive command is
executed once for initializétion 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 2#% 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.



offset is marked so that the addr e5ssHed HadBek Replabaar a pr
and data is recorded near the oute C2 of wr d@ ).
Mor eover, for exanple, when identii}!‘l@ﬂlﬂjﬂm ecor ded, (N @Qs
is recorded near the outer circunf at

shifted for a predeterm ned address and data is recorded a

slightly shifted toward the internal ct dunf erence ClL si de \fpsBHEF
outer circunference C2 of MD2. Here, for exanple, when dat

1, on H
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fhe third object of the invention is to provide a
redundant disk storage systéﬁ, with a simple structure,
which can transfer data between a host computer and a
hard disk drive at low cost without héviné data RAM in

the controller.

[Means for solving the problems]

For the attainment of séid first object, thsﬁ&ﬁ%ention
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 data 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



Dis read after data Cis read, in HDDL, the magnetic h ?EEE@%%%R
rn

0T SHEET
osition near the outer C|rcunference C2 from near the ijnte 19
Elrcunference Cl as it noves fromCto D on M. Furtheﬁ L& @EEE gghe_u
magneti c head only noves slightly to the |nternal C|rcunféren~--~~“
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controller controls said hard disk drive devicé so
that, when recorded data is read from said pair of hard
disk'drives, the distance between the magnetic head
positions and the magnetic disk locations for reading
identical data in said pair of drives differs in the

respective drives.

For £he attainment of said first object, the invention
as set forth in Claim. 2 provides a redundant disk
storage system comprising a hard disk drive device
consisiing of a pair of hard disk drives ha;T:;‘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 tomputer 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
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position noves, the travel distances of the magnetic hedds vary) HnNQ¥ S
to it by HDD1 and HDD2. Therefore, the tinme from receiviinga@ :comvand afid
readi ng data until reading the next data is reduced. Nexts— :
I dentical data on a redundant di sk storage systemw || be explained. The
processi ng executed when an ID (ldentity-DRive) command is sent

computer is recorded at different locations on the

respective magnetic disks of said pair of drives.

For the attainment of said second -object, the invention
as set forth in Claim 3 provides a redundant disk
storage system comprising é 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 dFiVe device
so as to record data identical to data traﬁsferred from
a host computer in each of said pair of drives, reads
d;ta 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 oné of a pair.of drives is being transferred to
said host computer, the magnetic head of a drive other
than thgt traqsferring said data is set at a position
other than the location where data corresponding to
said -data being transferred on the magnetic disk of

this drive is recorded.



ffdmthe host conputer 10 for initialhl';sgﬁgemﬁg\mﬂnpm@u\er

explained with reference to Figure 6.
host conputer 10 to receive HDD para anet~
256 words of data. It requests that 2 ansf

fromthe HDD to the host conputer in unifs of 16 bits.
on, in step 132, the address decoder 32 ds 10CS16 (a si
the bit width from8 to 16) in the address decoder 32,

Furthermore, for the atﬁainment of said first object,
in the invention as set forth in Claim 4, a controller
according to the invention as set fbrth'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.

- ™
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



generated in an |1 OCS16 gener at or
REEPLACEMENT SHEET Date : 21 NOV
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computer in each of said pair of drives, read data from
one of said pair of drives, and transfer read data to
the host computer; said controller reads paraméters
stéred in .each storagé means of said pair of drives,
converts 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
ih 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

] . . A
recelive parameters from it.

{Operation]

According to the inveﬁtion as set forth in Claim 1, a
control means recqrds 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



fromB to C, the ID conmmand is sent to HDD1 and HDD2.
paraneters from HDD1 and HDD2 are stored in RAM of an
controller 24 is set so that operations of the buffer se
change fromC to B. In step 136, stored paraneters are ¢
paranmeters based on the use of HDD1 and HDD2 in which ides :

recorded, that is, parameters (paraneters for the mrrored dISk) for
recordlng i dentical data on a pair of HDDi3and HDD2. In step 138, if an ID
command is sent fromthe host

drives through a magnetic disk and transfers read data

to the host computer.

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 drives and the magnetic
disk locatidns for reading identical data differ in the

respective drives.

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 driveé, 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 startihg simultaneously.



wait. Then, in step 140, a wite buffer command is senj)
HDD2, HDD1 for exanple, and the paranmeter, changed in §
mrrored disk is witten to RAMof HDDl1. In step 142,
command is sent to HDDL. 6 -

Moreover, when'a retry to read data on one drive is
repeated, the magnetic head in the other drive moves to
the.position where required data is recorded and, when
said magnetic head moves to where required data is
recorded, retry on one drive ends, thereby lowerihg the
probability of a simultaneous retry on a pair of
drives. Moreover, even though magnetic heads of a pair
of drives are set at a relatively identical position,
if identical data is recorded aﬁ different locations on
the respective magnetic disks of a pair of drives,
since, in one drive, for example, required data is
recorded near the internal circumference on the hard

. il
disk, the probability of a retry with respect to the
magnetic disk of said drive is low because required
data is not fecorded near the internal circumference on
the magnetic disk of the other drive even though a
retry is made. Therefore, the probability of a

simultaneous retry in a pair of drives can be lowered.

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



REPLACEMENT SHEET Date: 21 NOV 1995 - 35 In step 144,
whet her a signal which represents the ready state is
waits until the signal is input. Wen the signal is inp

host register 22. Then, in step 148, the paranmeter, changed I n step 136

for .
_17_

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

drives.

Thus, since data identical to data'tfansferred from a.
host computer is recorded at different locations on the_
respective magnetic disks of a pair of hard aisk
drives, the recording of identical data at locations
near the internal cirbumferences on both magnetic disks
of a pair of drives can be prevented, thereby,_evén
though‘data is recorded at a location near t;:pinternal
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.

Moreover, according to the invention as set forth in

Claim.3, a controller controls a hard disk drive device



the mirrored disk is read from RAM of HDD1 and sent to
the sanme tine and processing ends. Thus, when paraneter
.are converted to paraneters based on use as a pair of
i dentical data is recorded and a conmand enabling the
receive paraneters for the redundant di sk storage syst
in the control nmeans, needed to transfer paraneters to the host conputer
consecutively in partial rewiting, is—-el8 mnated by the use of RAMin the
HDD, si nplifying -

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.

.Thus, since the mégnetic head of a drive other than
that transferring data is set at a positiizjggher than
the location where data corresponding 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.

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



.t-he controller structure. - REPLACEMENT SHEET Dat e:
Mor eover, since the connecti O@hig)éheéthﬂsB@nRW?der to

pair of snmall HDDs with a larg “ ugh an
‘possible, mirroring
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recorded at different locations on the respective

magnetic disks of a pair of hard disk drives.

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
recorxrding of identical data at locations near the
internal circumferences on both magnetic disks of a
pair of drives can be prevented, fhereby, even though
data is recorded at a location near the iawseynal
circumference on the magnetic disk of one drive,
allowing identical data to be recorded at a location
other than ﬁear 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.

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



can be inplemented even with the snmall HDD used in per aEaLhﬁﬁﬂfﬂ?5*§¥ﬁ
Moreover, since the bus for the control signal with th hosz iogeytlggs
connects the host conputer and the controller through jamafr&-tht-ErTace
‘can nake the redundant disk storage systemsnaller co
host conputer is connected using a SCSI. Moreover, the structure of the bus
for data transfer is arranged so that data can be transferred directly

bet ween t he host conputer and a HDD, bt 24 control

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 transfers read data

to the host computer.

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

pair of drives.

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
stofa&é_means of either of a pair of drives, réads
converted parameters stored in the storage means of a
drive, and send; reéd converted parameters to a host
computer, theréby controlling é hard disk drive device
so that the host computer can receive parameters from

it.



s'i‘:gnal I's generated by the drive conﬁ{scghgé?hg gntr :
synchroni ze data transfer. Therefore, l - SH Eﬁﬁ&%@ﬁwﬁﬁﬁ@ﬁFET '
1995 - 37 - data can be transferred bH"m hout haV| Qg‘lWlmﬁ he

controller.
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Thus, since parameters stored.in each storage means can
be qonverted to parameters based on the use of the hard
disk drive device cénsisting of a pair of hard disk
drives and stored in either storage means, said stored
converted parameters are read and sent to a host
computer, and the host computer receives said
parameters device, and a stérage means, RAM, for
example, in a control means, needed for consecutively
transferring said parameters to thé host computer, can
be eliminated, simplifying said conﬁroller structure. .

- Y

[Embodiment]

The embodiment of the invention is explained in detail
beléw with reference to drawings. Figure 1 shows a
block diagram of a redundant disk stérage system
aécording 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 HDDl and HDD2 is



Néxt, reading identical data on the redundant disk storg
explained with reference to Figures 7 and 8. When sendi n
fromthe host conputer 10 ends, a command for reading d
conputer 10 and a paraneter containing a data read addr e 2
the location of data to be read on the MD'of the HDD are sent. Wen this
command and parameter are received, in step 152, they are sent to HDDL and
HDD2 after the controller 24 is set so that operations of the buffer

provided with a magnetic disk (hereafter, MD) (not
shown) for'recording data, a magnetic head for
recording MD and reading data recorded on ﬁhe MD,}and
RAM for recording parameters indicating the
characteristics of the MD, maénetic head, and HDDs

comprising them.

Each HDD1l and HDD2 is connected to a controller 12 and

a host computer 10 through an AT interface.

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

read data to the host computer 10.

The controller 12 is provided with a bidirectional

buffer 16 connected to a data bus of the host computer



selectors 18 and 20 change fromB to C At this tine, a g@@&nggEgm@#mEHr
1

2 | NoPRes

controlling HDD1 and HDD2 is sent fromthe drive control
HDD2 t hrough sel ectors 36 and 38. - 38 - In step 154, qﬁﬁ
controller 24 is set so that the operations of the buffe

20 change

- gi_'

10 through an AT interface, as shown in Figure 2. The

bidirectional buffer 16 is used to hold said data

temporarily when data is transferred between the host

computer 10 and HDD1l 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.

r Y

Buffer selectors 18 and 20, connected to a bus

controller 40, are used to transfer data by switching

terminals A, B, and C to terminals A and C or

terminals

B and C based on the data transfer direction between

the host'computer 10 and HDD1l and HDD2 based on the

signal from the bus controller 40.

The controller 12 is provided with an address

decoder

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



fromCto B, the magnetic head of either HDD noves to t mEP@A@EMEé‘a'%*aEtEg \-
read address and it is determined whether a signal whic i ndi pag MOV 1995 .
data-transfer-enabl ed in which recorded data can be tralish®er.ee-t0"1THe.
conputer is input, and waits until the signal is input er HDD,
and, when the signal is input fromeither 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-HBRWwhere the signal is input changes
fromCto A thereby allow ng

signal of the host computer 10 is connected to the host
register 22 through an AT interface and the address
decoder 32. The address decoder 32 is used to specify
a write address for writing a parameter or a command
from the host computer 10 to the host register 22 based
on the control signal from the host computer 10.
Moreover, the bus for the control signal of the host
computer 10 is further connected to HDD1l and HDD2
through selectors 36 and 38 and AT interfaces.
Selectors 36 and 38 are connected with a drive
controller 42. The drive‘controller 42 is usea to send
a control signal for specifying a write orx 5359 address
of HDD& and HDD2 to HDDl1 and HDD2 through selectors 36
and 38 when data is transferred from the host computer
10 to HDD1l and HDD2 or from HDD1l or HDD2Z to the host

computer 10.

The host register 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



t+he HDD with data transfer-enabled to be connected w -pgmtEﬁ
10. Thus, the HDD connected with the host conputer 10 tmaﬁd*éf data of
.speC|f|ed address to the host conputer 10. In step 15

et
by

whet her a signal representing data-transfer-enabled idims
other than that transferring data, and waits until =
_25_
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C. Selectors 36 and 38 are connected to AT interfaces,

which are connected to HDD1 and HDD2.

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.

) P

The host computer lOisends a command.for recaording

. data, for example, data A, to the MDs of HDD1l and HDD2
and a parameter coﬁtaining 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 ; control signal to the address decoder 32, which
sends a command and a parameter of the host computer 10
and a control signal for specifying a recording address
to the host redister 22. The host register 22 stores

commands and parameters sent through the bidirectional

buffer 16 at a location specified by a control signal
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the signal is input, in step 160, the paraneter is change
read address in the paraneter sent fromthe host conput
data read address. In step 162, after the controller 24 's_s£4

buffer selectors 18 and 20, t he operation of buffer selector correspondlng
to the HDD other than that transferring '

of the host register 22. The host register 22 is read
in step 102 and an offset is marked at the data storage

address of parameters in step 104.

A method for marking an offset at the data storage
address of parameters is explained below. An offset is
markéd 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
recordéd at identical locaﬁions near the inéggﬁgl
circumference Cl of the MDs of HDDl1 and HDD2, when
récorded 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 locatiohs 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



dat a changes fromB to C, in step 162, a paraneter contailjngpgLACEMERTRYEET

data read address is sent to the other HDD. At this tine, a'co?
for controlling the other HDD is sent fromthe drive contr phie

Jupig

ot her HDD t hrough a responsive selector. Thus, the magne

of the HDD other than that transferring data starts noving to the changed
data read address. In step 164, after the controller 24 is set so that,

buffer selectors 18 and 20, the operagi£p_of the buffer

the radius of the MD. The will be explained with
reference to Figure 4. When the data storage address
of the parameter sent from the host computer 10 is near
the internal circumference Cl of the MD, an offset is
not marked at the data storage address of the parameter
for HDD1l, but is marked only at the data storage
address of the parameter for HDD2 so that it is
positioned symmetrically with 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 HDD1 where data A is
recorded, is around the internal circumferegggﬁgl of
Mpl, 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 étorage address of the
parameter sent from the host computer 10 is near the
outer czrcumference C2 of the MD, for example, the
location of HDDl where data B is recorded is around the

outer circumference C2 of MDl and, in HDD2, it is

around the internal circumference Cl of MD2.



sel ect or corresponding to the HDD other than that transf h[_bﬂgcgagmcshﬁﬁge;

fromCto B, it is determ ned whether a signal representyjng

data-transfer-enabled is REPLACEMENT SHEET 2 1 NOV 1905, DalCe. . . .o ,
40 L= .

In step 106, a controller 24 is seﬁ so that the
operation of the buffer selector 18 changes from B to
C. In step 108, commands and parameters storedlin the
host register 22 are sent to HDD1 through an AT
interface. At this time, the control signal for
controlling HDDl is sent from the drive controller 42
to HDDl through the selector 36. For HDD1l, the
magnetic head is moved sb that data is recorded at a
specified location based on the sent control signal,

command, and parameter.

Py il

In step 110, the controller 24 is set so that tﬁe
operation of the buffer selector 20 changes from B to
C. 1In step 112, the command stored in the host
registex 22 and the parameter containing the data
storage address at which an offset is marked in step
104 are sent té HDD2 through an AT interface. At this
time, the control signal for controlling HDD2 is sent
from the drive controller 42 to HDD2 through the

selector 38. For HDD2, the magnetic head is moved so



I

\HDD vihile

i hput fromthe other HDD, and waits till the signal is
IS i nput, processing ends. Here, in step 156, after the
transfer-enabled is connected to the host conputer, durl\ngpipi-oce
step 158 to step 164, an interrupt is nade each predete TE I me and the
i nterrupt processing in Figure 8 is conducted. That is, in step 166, it is
- det erni ned whether a signal representing the end of transfer is input from

the HDD which is data-transfer-enabled; 23rmd if the signal is

that data is recorded at an offset and specified
location based on the sent control'signal, command, and

parameter.

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

from A to C.

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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‘Aot i nput, control returns as shown in the flowhart
the signal is input, processing term nates. Thus, si
that the magnetic head of the HDD other than that transkerri-ng-datd T
‘at a position other than the position where data correspemdfi to t he data
being transferred is recorded on theibmgéﬁ_this HDD, while data is being
read from A : _ _

the host computer 10, upon finds that said information
is written to the host register 22, transfers data
through an AT interface. Transferred data is sent to
both HDD1 and HDD2 through buffer selectors 18 and 20
and AT interfaces. Thus, HDD1l and HDD2 record data in
a specified location through a magnetic head. That is,
foﬁ example, HDD1l records data A near the internal
circumference Cl of MDl, as shown in Figure 4 (a), and
HDD2 records data A near the outer circumference C2 of

MD2, as shown in Figure 4 (b).

oY i

In sﬁep 124, the éontroller 24 is set So that the
operations of buffer selectors 18 and 20 change from C
to B. In step 126, it is determined whether a signal
which represents 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.



REPLACEVENT SHEET Date: 21 NOV 1995 - 41 one HDD, the
ot her HDD can be set at a position other than the |ocati
rread i s recorded, thereby shorteni hg seek tinme when next
allowing data to be read i medi ately. In the enbodi nent
I's so arranged
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As stated above, since it is so arranged that identical
d;ta is recorded at different locations on the
respective MDs of HDDs, the recording of identical data
at locations near the internai circumferences on both
MDs of a pair of HDDs can be prevented. Thus, even
though data is reco;ded at a location near the internal
circumference on the MD of one HDD, since Jddentical
data is recorded at a location near the outer’
circumference on the MD of the other HDD, the
probability of reading data from the MD of Eﬂsyother
HDD caﬁ be made high and the probability of a
simultanequs retry in a pair of HDDs can be lowered,
e&en though a retry to sénd a parameter and a command

for reading data near the internal circumference on the

MD of one HDD is repeated.

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



that, when data identical to data transferred fromthe ho§
recorded at different |ocations on the respective MDs of &
data read fromone of a pair of HDDs is transferred to the

position other than the | ocation where data corresponding to data belng
transferred is recorded on the MD of this HDD, but the invention is not
l[imted to this. This can al so be donaxg&fplloms:

respect to the center of the'radius of'the MD, but the
invention 1is not limited to this. An offset can also
be marked at the data'sto:age address of the Mﬁ of the
other HDD so that the data storage address 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.HDDl, fof 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 so 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 MD1, on_HDDZ, the address is
shifted for a predetermined address and data is
recorded at a location slightly shifted toward the
internal circumference Cl side from aiound the outer
circumférence C2 of MD2. Here, for example, when data
D is read after data C.is read, in HDD1l, the magnetic
head mers to a position near the outer circumference
C2 from near the internal circumference Cl as it moves

from C to D on MDl1. Furthermore, on HDD2, the magnetic

head only moves slightly to the internal circumference

o~
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.. - 42 - data transferred fromthe host conputer
nt l'ocations on respective MDs of a pair of

differe

is retepde@ 1nNOV 1995
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Cl side from near the outer circumference C2. Thus,
when the reading position moves, the travel distances
of the magnetic heads vary in response to it by HDDl.
and HDD2. Therefore, the time from receiving a comménd
and reading data until reading the next data is

reduced.

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

host cogputer in units of 16 bits.

When power is turned on, in step 132, the address
decoder 32 sends IOCS16 (a signal to change the bit
width from 8 to 16) in the address decoder 32,

generated in an IOCS16 generator 33, to the host



HODs, and, when data read fromone of a pair of HDDs is &ﬁ’@rﬁ’@ﬂ@ﬁ?@&”ﬂ"ﬁe

host conputer, the magnetic head of the HDD other than t

, at tr f )
data can be set at a position where data correspondi ng tEQﬁ‘eﬁ Qbﬁlﬁi}f 9%

transferred is recorded or at the initial location on th Thi'S HDD:
In this case, since data identical to data transferred fron1the host
conputer is recorded at different |ocations on the respective nmagnetic
di sks of a pair of HDDs, the recording %2 Qapa at | ocations near the
computer 10. After the controller 24 is set so that
the operations of the buffer selectors 18 and 20 change
from B to C, the ID command is sent to HDDl and HDD2.
In step 134, parameters from HDDL and HDD2 are stored
in RAM of an MPU 26 after the controller 24 is set so
that operations of the buffer selectors 18 and 20
change from C to B. In step 136, stored parameters are
changed to parameters based on the use of HDDl and HDD2
in which identical data is recorded, that is,

parameters (parameters for the mirrored disk) for

recording identical data on a pair of HDD1 and HDD2.

AT

In.step 138, if an ID command is sent from the host
computer lo'fo 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, in
stép 146, a write buffer command is sent to either HDD1
or HDD2, HDD1l for example, and the parameter, changed
in step 136, for the mirrored disk is written to RAM of
HDD1. In step 142, a read buffer command is sent to

HDD1.



i nt er nal
prevent ed,
i nt-er nal
recorded at a |ocation other than near the |nternal Ci rcufr
HDD and | owering the probablllty of a S|nultaneous retry in a

of the other

pair

of HDDs.

circunferences on both magnetic disks of a pair
“thereby, even though data'is recorded at a |oc
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In step 144, it is determined whether a signal which
represents the readylstate 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 frem RAM of HDD1 and sent to

the host computer at the same time and processing ends.

Thus, when parameters of HDD1 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 computer 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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i.dentical to data transferred fromthe host conputer is iéﬁﬁigggiatgnﬁggi“
i dentical |ocations on Mbs of a pair of HDDs, and, when datar
of a pair of HDDs is transferred to the host conputer, the magnetic head of
t he HDD ot her 36 -

Moreover, since the connection of the controller to the
host computer and a pair of small HDDs with a large

"capacity through an AT interface is possible, mirroring
can be implemented even with the small HDD used in

personal computers.

Moreover, since the bus for the control signal with the
host computer connects the host computer and the

. . ' Y
controller through an AT interface, this can make the

redundant disk storage system smaller compared to when

the host computer is connected using a SCSI.

Moreovéf, the structure of the bus for data transfer 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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t han t hat transferring data can be set at a position othgf-
| ocati on where data corresponding to data being transfer diF recorded. on

the MD of this HDD. In this case, since it is so arranged that? th8ONd8%R: i.c
head of the HDD other than that transferring data is set ||ab2'§ {3

other than the location where data corresponding to data being 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

1:;0;' LT SHEET

data can be transferred between HDDs without having RAM

in the controller.

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 énds, a command 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.

When this command and parameter are received, in step
152, they are sént to HDD1 and HDD2 after the

controller 24 is set so that operations of the buffer
selectors 18 and 20 change from B to C. At this time,
a control signal for controlling HDD1 and HDD2 is sent

f:om the drive controller 42 to HDDl and HDD2 through

selectors 36 and 38.
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-of her than the position where data being read is recordedl the?eﬁ4
the next data is read, REPLACEMENT SHEET Date : 21 NOV --------

shortening seek tine and allowing data to be read i medi ateF=
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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 speqified data read address and it is determined
whether a signal which indicates data-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 ca&®¥ation of
the buffer selector corresponding to the HDD where the
signal is input changes from 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 computer 10 transfers data of the specified

address to the host computer 10.

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



‘Nbreover, it can also be so arranged that, when |dent|c'
at identical |ocations on MDs of a pair of HDDs, when re
froma pair of HDDs, the distance between the posi tions | 0hllfe. \ME..oFa-
pair of HDDs and the MD positions for reading the i dent i {cal—dat
respective HDDs. Thus, while one HDD is repeating a retry to read data t he
magneti c head on the other HDD noves to the | ocation on the MD where
required data is recorded and when said magnetic head is |ocated at said

| ocati on, _ -.39 -

the signal is input, and, when the signal is input, in
step 160, the parameter is changed by changing data
read address in the parameter sent from the host
computer 10 to another data read address. In step 162,
after the controller 24 is set 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 rgapensive
selector. Thus, the magnetic head position of the HDD
other than that transferring data starts moving to the

changed data read address.

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

tfansferring data changes from C to B, it is determined

whether a signal representing data-transfer-enabled is

L]



the retry of one HDD ends, preventing a sinultaneous retry 003 £§Eﬁ$ﬁ+sHEET
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HDDs . REPLACEMENT SHEET Date: 21 NOV 1995 - 45 - [ Advant|ages ﬁv ;
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input from the other HDD, and waits till the signal is

input, and, when it is input, processing ends.

Here, in step 156, after the HDD which is data-
transfer-enabled is cénnected to the host computer,
during processing from step 158 to 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
represgnting the end of transfer is input fﬁgﬂwthe 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.

Thus, since it is so arranged that the magnetic head of
the HDD other than that transferring data is set at a
pdéition 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



forth in Claiml, since it is so arranged that, when data ii&#@ﬁéEM@N%ﬁHEET
di stance between the magneti c head positions and t he magn
|ocations for reading identical data on a pair of hard di sk $e5 ‘a7 Fems
in the respective drives, a pair of drives wll not start-:aaﬁaa;s%ﬂa&::::::l

S
reading identical data on a pair of hard d|s<[g&;? NQ%N%*E

si mul t aneously, and noreover, the probability of a sinultaneous retry on a
pair of hard disk drives can be |lowered. According to the invention as set
forth in Caim2, since data identical to data transferred fron1the host

_41_
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.

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 rfzg‘from one
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 is not limited to this. This can also be

done as-follows:

That is, it is also so arranged that, when identical

data is recorded on a pair of HDDs, data identical to



cdrrputer is recorded at different [ocations on the magnetic disks of a pair
of hard disk drives, the recording of identical data at |oc tngﬁgAégmgthﬁEET ;
i nt'ernal circunferences on both magnetic disks of a pair of |ldrives can be
prevented thereby, even though data is recorded at a |ocati dnpgedr]tieV 1995
I nt er nal REPLACEMENT SHEET :
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data transferred from the host computer is.recorded in
different locations on respective MDs of a pair of
HDDs, 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 corresponding to data being
transferred is recorded or at the initial location on

the MD of this HDD.

In this case, since data identical to data gszgeferred
from tﬁe host computer is recorded at different
locations on the respective magnetic disks of a pair of
HDDs, the recording of data at locations near the
internal circumferences on both magnetic disks of a
pair of HDDs 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

lowering the probability of a simultaneous retry in a

pair of HDDs.



Date: 21 NOV 1995 ... ... ... i, - 46 -_circunference on
t he magnetic di sk of one hard disk drive, enabling iden_h@@LA§§M@N&q*ﬁgT
recorded at a |ocation other than near the internal cir|gunference on
magnetic disk of the other drive and |owering the probaouja{et)zqf Nay. ]95
simul taneous retry on a pair of magnetic disks. Accordilag=t-e=t ERventto
as set forth in aim3, it is so arranged that the nagnetlc head of the
hard di sk
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Moreover, it is also so arranged that, when identical
data is recorded on a pair of HDDs, data identical to
data transferred from the host computer is recorded at
identical locations on MDs of a pair of HDDs, 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
qther than the location where data corresponding to
data being transferred is recorded on the MD of this

HDD.
- L oaaid

In this case, 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 location where data
cprreséending to data being 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 bosition where data being read is

recorded, thereby, when the next data is read,



drive other than that transferring data is set at a positi gngepeten
| ocati on where data corresponding to data being transferred 1s r cor gg
the magnetic disk of this hard disk drive, thereby, when t ephg X 'E

read, shortening seek time and allowi ng data to be read i H'DRE'W """""""""""
According to the invention as set forth in Caim4, since data i dentical to
data transferred fromthe host conputer is recorded at different |ocations
on the magnetic disks of a pair of harddi sk drives, the '

shortening seek time and allowing data to be read

immediately.

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.

Thﬁs, 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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thereby, even though data is recorded at a |ocation nedf phfe. 2ot -NERIY
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identical data to be recorded at a
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[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 magnetic disk locations for reading
identical data on a pair of hard disk drives differs in
the respectivé drives, é.pair of drives will not start
reading data simﬁltaneously, and moreover, the
probability of a simultaneous retry on a pair of hard

. ’ oy ' ) W‘
disk drives can be lowered.

According to the invention as set forth in Claim 2,
since data identicai to data transferred from the host
compute¥® is recqrded at different locations on the
mégnetic disks of a pair of hard disk drives, the
recording of identical data at locations near the
internal circumferences on both magnetié disks of a
pair of drives can be preventea thereby, even though

data is recorded at a location near the internal



| ocation other than near the internal circunference on t RE £ vﬁﬁggo
the other drive and |owering the probability of a sinmult neous%rgtﬁg

pair of magnetic disks. 48 3. Brief Description of theraw ngs..Flgurej
1 is a block diagram show ng a redundant di sk :

_46..

circumference on the magnetic disk of one hard disk
drive, enabling idehtical 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.

According to the invention as set forth in Claim 3, it
is so arranged that the magnetic head of the-hard disk
drive other'than that transferring aata is set at a
positiop other than the location where data<=®
corresponding to data being transferred is recorded on
the magnetic disk of ;his hard disk drive, thereby,
when the next data is read, shortening seek time and

allowing data to be read immediately.

:J - ) . . . )
According to the invention as set forth in Claim 4,
since data identical to data transferred from the host
cdmputer is recorded at different locations on the

magnetic disks of a pair of hard disk drives, the



storage system of the enbodi nent according to the invent CﬁﬁpdﬂgﬁMﬁNEﬁﬁEﬁEii
detailed circuit diagram of a cont r dhis Sheptdas Been Remeee 3 ||s a f N gt ‘
showi ng the operation (data recordi ngi nt. di kpﬁéarégc gy-slggﬂ-
Figure 4 is a drawing showi ng the rel en | '
recorded identical data when identical data i's recorded at s BEEN
positions with respect to the center of the radlus of the hzﬂhth%E;SQS
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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
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.

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 paraﬁeters based on
the use of a hard disk drive device consisting of a
pair of hard disk drives in which identical data is
recordéa 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

example, in a control means, needed for consecutively

transferring said parameters to the host computer, can
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be eliminated, allowing said controller structure to be
simple and the redundant disk storage system structure

to be simple and manufactured at low cost.

3. 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
’ ’ S MT

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



Fiéure 6 is a flomhart showing initialization when an
received fromthe host conputer; Figure 7 is a flowhart| s
operation (data reading) of a redundant disk storage sy gme

EQ[‘H&EMEE? SHEET

owi ng t

#nq. RDY18%5.8.

is a flowhart showing the interrupt processing conduct
predeterm ned ti ne when the processing of reading data fron1a redundant
di sk storage systemis conducted. [Description of synbols] 10 ... host

conput er - 49 -
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 ... Eontroller

14 ... hard disk drive device
HDDl1, HDD2 ... hard disk drives

MD1, MD2 ... magnetic disks



127, .. controller 14 ... hard disk drive device HDD1, H .
drives MD1, MD2 ... magnetic disks REPLACEMENT SHEET || DRERL-AC
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4. Claims:

(1) 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 Qigkﬁdrive
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 pair of drives, and transfer read data to
the host computer,



e T
4.7 dainms: (1) A redundant disk storage systemconpriJ M@PLéCﬁy%ETé*gf
drive device having a pair of hard disk drives each havi 95
whi:ch is a magnetic recording mediumfor recording data mridht&a™ ¢ head
assenbly for recording and readi ng data on said nagneticL‘ g
controller for controlling said hard di sk drive device record data

dentical to data transferred froma host computer on Tﬂlllllﬂlllliﬂllﬂllll”lll

wherein said controller controls said hard disk.

drive devico 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.
(2) A redundant disk storage syétem 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 dara and a
maonetic head assembly for recording angJ:;ading

data on said magnetic disk; and

a controller for controlllng said hard disk drive
device to record data identical to the data
transferred from a host computer in each of said
pafr 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



pafr of hard disk drives, read data fromone of said pai
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transfer read data to the host conputer, ~ REPLACEMENT “Dat'e 21 NOV \
1995 - 51 - wherein said controller controls said h rga%hgg%fgggggﬁllj
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transferred from said host computer is recorded at

different locations on the respective magnetic

disks of said pair of drives.
(3) 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‘EE:; 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 transfér read data to the
host computer,

wherein said controller controls said hard disk
drive device so tﬁat) while data read from 6ne of
a pair of hard disk drives is béing transferred to
said host computer, the magnetic head of the drive

other than that transferring said data is set at a



drfve devi ce so that, when recorded data is read from sa

di sk drives, THsS
l.ecations for-
respective dri

di sk drive device having a pair of hard disk drives each
di sk which is a nmagnetic recording nediggltor recording data
recordi ng and readi ng '

head assenbly for

(4)

(3)
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ndant di sk storage systemco Dmswngwfa ha

position other than that where data corresponding
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A redundant disk storage system as set forth in
Claim 3, wherein said controller controls said
hard disk drive device so that data identical to
data transferred from said host computer is
recordéd at different locations on the respective

magnetic disks of said pair of hard disk drives.

A redundant disk storage system comprising:

. e i
a hard disk drive device having a pair of hard
disk drives each having a ﬁagnetiC'disk wﬁ;ch 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

maghetic disk and said magnetic head; and

a controllér 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

. v il
of a hard disk drive, and send 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.
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information to HDD in host register

( End )
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REDUNDANT DISK STORAGE SYSTEM
ABSTRACT

[Object]

The object of the invention is to transfer data between
a host computer and an HDD without having data RAM in a

controller.

{Constitution]

. T
When power is turned on, after the operations of buffer
selectors 18 and 20 have been changed from B to C with
the setting of a bus controller 40, an ID command is
sent to HDDl and HDD2. Afﬁer the operations of the
selectors 18 and 20 have been changed from C to B with
the setting of the controller 40, parameters stored in
HDD1 ana HDD2 RAM are stored in MPU 26 RAM and stored
parameters are converted to parameters for the mirrored
disk. Converted parameters are written to HDD1 RAM.
Then, parameters for the mirrored disk are read from

HDD1 RAM and simultaneously sent to the host computer.
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[Means fdr 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 hﬁrd disk drives having a
magnetic disk whiéh is a magnetic recording medium for
recording data and a mégnetic head for recording and
reading data stored on said magnetic disk, and a
controller for ¢6ntrolling 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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Furthermore, for the attainment of said first object,
in the invention as set forth 'in Claim 4, a controller
according to the inQention as set forth in Claim 3 is
.adapted to control said hard disk drive device so that
daﬁa 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.
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{Operation]

According to the inQention 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

heéd, and reads data from one of a pair of hard disk
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recorded at different locations on the respective

magnetic disks of a pair of hard disk drives.

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
recording of identical.data at locations near the
internal circumfgrences'on both magnetic disks of a
pair of drives can be preventéd, thereby, even though
daté 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 2
other than near the internal circumference on the
magnétic disk of the other drive.and lowering the
‘probability of a simultaneous retry on a pair of

magnetic disks.
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{Embodiment]

The embodiment of.the invention is explained in.detail
below with reference to drawings. Figure 1 shows a
block diagram of a redundant disk stérage system
adcording'to the embodiment. As shown in Figure 1, a
redundant disk storage system is provided with a hard
disk drive device 14 having é_pair of hard disk drives

(hereafter, HDD) 1 and HDD2. Each HDD1 and HDD2 is
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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 locatioﬁ'neér 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.
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3. Brief Description of the Drawings:

Figure 1 is a block diagram showing a redundant disk
- storage system of the embodiment accordingﬁto 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 storége system;

Figure 4 is a drawing showing the relationship between
locat;ons of recorded identical data when ldent;cal
data is recorded at symmetrlcal 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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position other than that where data corresponding
to said data being transferred on the magnetic

disk of this hard disk drive is recorded.

(4) A redundant disk storage system as set forth in
Claim 3, wherein said controller controls said
hard disk drive device so that data identical to
data t:ansferred from said host computer is
recorded at different locations on the respective

magnetic disks of said pair of hard disk drives.
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ABSTRACT

REDUNDANT DISK STORAGE SYSTEM

| A redundant disk storage system has a controller 12 which controls
the hard disk drive device so that, when recorded data is read from a pair of
hard disk drives 14, the distance between magnetié positions and magnetic
disk locations for reading identical data in said pair of drives differs in the
respective drives. The distance could be such that the data on one of a pair of
hard disk drives is stored near the inner circumstance and the identical data
is stored on the other of the pair near the outer circumstance. Thus, when data
is read, a pair of drives will not .start reading data simultaneously, and the
probability of a siniultaneous retry on a pair of hard disk drives can be

lowered.

Figure 2



