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The present invention relates to a method for
accessing a physical memory location in a disk drive
system, and to the disk drive system itself. More
particularly, the present invention relates to a
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index table for enabling high speed translations of
logical requests into target physical memory locations
on a disk.

Computer systems rely on disk drive magnetic
memory systems, amongst other devices, for data
storage. Referring now to Figure 1, a block diagram
of a standard disk drive system 10 is shown. The disk.
drive system 10 includes one or more magnetic storage
disks 12, one or more magnetic read/write heads 14,
and a seek mechanism 16 to move the heads 14 physically
over the disks. A controller 18 manages information
transfer between the storage disks and a host computer
syétem 20 by controlling the seek mechanism 16.

Briefly describing the operation of the disk drive
system 10, the host computer 20 provides logical

instructions to the disk drive system to access or store |

information on individual physical memory locations on
the disks. Information on the disks, however, is not
stored in a logical format. A logical format would
sequentially read or store data without considering the
possibility of defective storage areas on the disk.
Therefore, the controller 18 is required to translate
the logical request from the host computer 20 into a
corresponding physical target location on one of the
disks. Once the translation is performed, the
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controller 18 manipulateszthe éeek mechanism 16 to
direct the heads 14 to the physical target location,
whereupon the heads 14 will read or store information.
Referring now to Figure 2, an isolated perspective
view of several magnetic disks 12 of the disk drive
system 10 is shown. The purpose of illustrating the
disks is to show how information is physically organised
and stored on the disks, which is essential for an
understanding of the present invention. Each side of a
disk 12 is called a data storage surface 30, and there
_1).' Each
surface 30 comprises a plurality of concentric circles
called tracks 32. The outermost track is generally
designated as the first logical track (track = 0) and

“the innermost track is designated as the last track

(i.e. track = 999 in a 1,000 track disk drive system).
The individual disks 12 are journalled about a single
spindle 34 and are physically stacked one above the
other. The combination of like track numbers on each of
the surfaces 30 forms what is called a cylinder.

Each surface is also divided up into a certain

number of pie shaped sectors 38. The plurality of areas

created by the sectors 38 and the tracks 32 form

~ individual storage locations called segments 40. Each

segment is capable of storing 512 bytes of information.
Each segment 40 is accessed by a three co-ordinate |
address corresponding to the cylinder number, the head
number and the sector number. |

In the early magnetic disk storage devices, the
standard disks contained seventeen sectors per track.
More recently, due to advances in disk drive
technology, the same 512 bytes of information can be
stored in a smaller physical location. The number of
sectors per track has therefore increased, and the
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current state of the art is twenty six sectors per
¢rack. Using special data access techniques, the
number of sectors per track can be expanded to as many
as forty four.

A controller 18 is responsible for translating a

- logical request from the host computer 20 into the

correct target physical segment 40 on the disk. Each
logical request includes a logical cylinder, head ahd
sector address, which must be translated into a target
physical cylinder, head and sector locations..

The translation, however, is complicated by
several factors. Host computers 20 still operate on the
old seventeen sector standard and, hence, their logical
requests are in seventeen sector format. By contrast,
modern disk drives contain a varying number of sectors
per track up to twenty six sectors per track.
Accordingly, as will be described in the example below,
a mathematical translation from a logical seventeen
sector format to a physical twenty six sector format is
required.

A second factor which complicates the translation
is that the host computer 20 considers the disk drive to
be a defect free memory block. In practice, however,
defective segments are intermittently spaced throughout
the physical disk media. A defect management method is
therefore required.

To describe the operation of the prior art two
step translation and defect management arrangement, an
example is provided. A two step process is required for
a complete logical to physical translation. The two

steps include:-
(1) calculating the logical to physical location
translation using well known mathematical translation

R
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algorithms.

(2) Adjusting the target physical translation to
compensate for known physical defects which exist in the
disks of the disk drive.

Consider a three head, twenty six sector per
track, drive controlled by a host computer using a four
head, seventeen sector per track, format. The host
computer 20 sends a request to the controller.la for a
logical address comprising a logical cylinder number
(1), a logical head number (3), and a logical sector
number (16).  The first step in the mathematical
translation is to convert the -logical request into an
intermediate sector number, which in this instance is
135. This number is derived, on the basis of the host
computer format, by multiplying the requested cylinder
number (1) times the number of heads per cylinder (4)
times the number of sectors per track (17), and adding
the head request number (3) times the number of sectors
per track (17) and also the sector request number (16),
as follows:- |

(L x4x17) + (3 x17) + 16 = 135

The previous calculation is much like the calculation to
convert a base seventeen number into a base ten number.
Next, the base ten number must be translated into a
base twenty'six location. _

The intermediate number, 135, is translated into a
target physical segment in the twenty'six'sector disk
drive system in the following manner. In the three head
and twenty six sectors per track disk drive
configuration, there are seventy eight segments per
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cylinder. With an intermediate segment number of 135,
one cylinder is completely used up with f£ifty seven
segments remaining (135 - 78 = 57). Two complete tracks
can be completely inserted into the remainder (2 x 26 =

'52), with a remainder'of five sectors. Accordingly,
- the target translation results in a physical segment

designated by the numbers:

cylinder = 1

head = 2
and

sector = 5.

In the second step, the target physical segment
location is adjusted to compensate for physicél defects,
which occur on the disk prior to the above physical
target segment location. Before discussing two common
techniques for compensating for défects, it is first

. necessary briefly to described how physical defects are

detected on the disk surface. The disk drive manufac-
turer writes information on every segment 40 on the disk
and then reads back that information. Segments from
which information cannot be read are marked as
defective. The locations of all the defects are

" recorded and mapped out of the physical disk so that

they are not accessed during actual disk drive
operations. -

Two popular methods of mapping out defects are
described below. In the first method, a physical track
is first marked out on the disk. The track must be
large enough to accommodate the total number of ségments
per track (i.e. twenty six) plus the allocation of
several spares.” The sectors are then mapped out '
consecutively, starting with 1 and ascending in order to
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the last sector number 26 within the track. Whenever a
physical defect occurs in the track, it is simply re-
mapped into a spare area at the end of the track.

Referring to the illustrative'table of Figure 6
for describing the first defect management method, a
twenty six sector track is shown. The segment numbers
ascend in linear order from one to three until segment
number four is encountered. In the fourth segment, an
"Xx" appears signifying that a physical defect is '
present. In the mapping method described above, the
fourth segment is simply re-mapped, as illustrated by
the arrow, into a spare segment at the end of the
track.

In a second defect management method according to
the prior art, the solution for accommodating physical
defects that occur in a track is simply to skip them and

"to increment the remaining segments accordingly. Each

time a defect occurs, in consequence, the last segment
on the map is puéhed into a next adjacent spare segment.

Referring now to the illustrative table of Figure
7, for explaining the second prior art defect
management method, a simplified twenty six sector track
is shown. The defect at segment four, identified by an
"X", is pushed into the next segment. As a result, the
subsequent segment numbers five to twenty six are
incremented so that each sector as a logical addreés is
in a physical location, which has been incremented by a
push count equal to the accumulated number of bad
sectors occurring before the requested logical sector.

A number of probiems are associated with the
translation and defect management methods of the prior
art as described above. Foremost, the time required
for the mathematical translation is excessive. It is a
slow and tedious pfocess for the disk drive controller
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to access the aforementioned absolute physical.location.
rthe checks required to keep track of the defects also
glow down the computation significantly. Approximately
two to five milli-seconds are required for each tran34
ijation. The accumulated effect of these translations
gseriously impedes information transfer time between the
disk drive system 10 and the host computer 20.

Another problem with the prior art is that it
fails to make efficient use of the physical space on the
disk drive media. Even with twenty six sectors per
track, a large percentage of the magnetic storége
surface remains unused. The sectors contained in the
innefmost tracks are physically shorter than their
counterparts situated near the outer circumference of
the disk. The information storage denéity per segment
in the inner tracks is therefore relatively high, and
is an efficient use of space. 1In contrast, the density
at the outer segments is relatively ldw, and is an
inefficient use of space. As a result, a substantial
percentage of the physical storage medium located near
the outer circumference of the disk is unused. Further-
more, a proportion of the spare segments remain unused,
which is wasteful. | | |

It is an object of the present invention to
provide a technique for accessing a physical memory
location in a disk drive system, which avoids or at
least reduces the problems indicated above.

According to one aspect of the present invention,
there is provided a method for accessing a thsical

‘memory location in a disk drive system having at least

one magnetic storage disk having a plurality of the
physical memory locations, and at least one magnetic
head for accessing the physical memory locations,
wherein each physical memory location is designated by a
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cylinder number, a head number and a sector number,
the method compriéinglthe steps of receiving a request
for access to a physical memory location, the request

comprising a logical cylinder address, a logical head

address and a logical sector address, translating the
logical cylinder address, the logical head address and
the logical sector address into a physical cylinder

number, a physical head number and a physical sector
" number, and seeking said at least one magnetic head to

the physical memory location on said at least.one disk
designated by the physical cylinder number, the
physical head number and the physical sector number,
characterised in that the step of translating comprises
obtaining the physical cylinder number by referring to
an index table, in which'logical cylinder addresses
correspond with physical cylinder numbers for physical
cylinders arbitrarily located on said at least one
magnetic storage disk. :

According to another aspect of the present
invention, there is provided a disk drive system having
a controller, at least one magnetic storage disk having

a plurality of physical memory locations, and at lgast

one magnetic head for accessing the physical memory
locations, wherein each physical memory location is
designated by a cylinder number, a head number and a
sector number, the controller comprising means for
receiving a request for access to a physical memory
location, in the form of a logical cylinder address, a
logical head address and a logical sector address, and
means for translating the logical cylinder address, the
logicai head address and the logical sector address into
a physical cylinder number, a physical head number and

‘a physical sector number, and the controller being

arranged to move said at least one magnetic head to the
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physical memory location on said at least one magnetic
storage disk designated by the physical cylinder number,

‘the physical head number and the physical sector number,

characterised in that the controller further comprises
an index table in which logical cylinder addresses
correspond with physical cylinder numbers for physical
cylinders arbitrarily located on said at least one
magnetic disk, and means for referring to the index
table in response to the request for access for
obtaining the phySical'cylinder number.

BY means of the present invention, it is'possible
significantly to reduce access time to any storage
location on a magnetic storage disk.

Furthermore, the invention permits an arbitrary
arrangement of target phy51cal cylinders in the disk
drive system, which is advantageous in terms of use of
space. _

For example, the percentage of physical disk

‘space that is actually used for information storage may

be significantly increased by dividing the physical area

of the disks into several zones, and varying the number

of sectors per track in each zone.

Advantageously, the index table may be used for
high speed'translations of logical cylinder requests
into physical target cylinders of the at least one
magnetic storage disk. Preferably, the index table also
provides a pointer into a defect table if there is a
defect present at the target physical disk location. In
this case, the defect table may provide an offset
value to push the target physical location into a new,
defect free physical location to allow direct access of
this new location. '

The invention will be described further, by way of
example, with reference to the accompanying drawings,
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in which:

Figure 1 is a block diagram of a standard disk
drive system according to the prior art;

Figure 2 is an isolated perspective view of
several of the disk of the disk drive system of Figur@®
1; |

Figure 3 is a flow chart representing the steps in
a method according to the present invention;

Figure 4 is an index table employed in the present
invention for high speed logical to physical target
cylinder translations; | '

Figure 5 is a defect table employed in the present
invention for managing defect adjustment when a defect
exists in the indexed physical target cylinder; and

Figures 6 and 7 illustrate prior art approaches to
defect management.

The present invention, which may be employed in a
disk drive system substantially as shown in Figures 1
and 2 and which is represented in the flow chart in
Figure 3, relates to a disk drive memory location
translation and defect management arrangement, wherein
the disk drive controller uses an index table to
translate a logical cylinder address in a request

received from a host computer (step 50) into a corres-

ponding, arbitrarily designated, beginning of a
physical target cylinder location in the disk drive
system (step 52). Once the physical cylinder is
located, physical head and sector locations are deter-
mined with a quick, relatively simple mathematical
translation (step 54). '

If a defect is present in the indexed physical
target cylinder, the index table provides a defect flag
(step 56) to inform the controller of the existence of
the defect, and a pointer which points to a pre- |
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determined entry in a defect table (step 58). The
selected entry in the defect table provides a defect
offset value for the physical location in question. The
offset value is added to'the start co-ordinates of the
physical target cylinder location, i.e. to designdted
cylinder, head and sector co-ordinates, (step 60) to
push these co-ordinates into a defect free physical
location. The adjusted or unadjusted start co- o
ordinates (depending on whether or not a defect existed
in the designated cylinder) are added to the computed
translation providing the physical head and sector
locations (step 62) to provide a translated and defect
management adjusted physical co-ordinate set for output
(step 64).

The net result of the present invention is that it
significantly reduces information access time, from its
arbitrary arrangement of individual physical cylinders
on a disk, and significantly increases the percentage
of physical space used for information storage.

Referring now to Figure 4, an index table used
for high speed logical to physical target cylinder
translations according to the present invention is
shown. This table is stored in a memory associated with
a servo-processor within the disk drive controller 18,
and is accessed for each seek to a memory location
ordered by the host computer 20. The logical cylinder
co-ordinate'tequested by the host computer 20 is used to
designate an address for accessing each entry in the
index table. The logical head and sector co-ordinates
are used later in a mathematical equation to refine the
target cylinder start co-ordinates provided by the index

table.
The first entry is labelled as logical cylinder 0,

.and the last entry corresponds to the last logical
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cylinder accessible in the disk drive. For the purposes
of simplification, the index table of Figure 4 contains
only ten logical cylinder entries numbered 0 to 9. It
should be noted, however, that the index table can be
adapted to operate with any disk drive system. &

Each table entry includes four bytes of data to
store the aforementioned physical information. The four
bytes store the information as follows:-

[HD, HD, HD, HD, N, C, C, C]

Byte 0 =

Bytel1 = (C,C,C,C,C, C C, C]

Byte 2 = [I, SR, SR, SR, SR, SR, SR, SR]

Byte 3 = [I1, 1, I/2, 1/2, 1/Z2, 1/2, 1/2, 1/Z]
wherein

HDp (HD) = the physical head location

N (N) = a defect flag bit

CYLp (C) = the physical cylinder locatlon
SCRp (SR) =  the physical sector location

I = index into defect table, or

A = 2one (number of sectors/dylinder)

The co-ordinates given for each table entry for
physical cylinder location (C), physical head location
(HD) and physical sector location (SR) provide a pointer
to a designated start for the target physical cylinder

~corresponding to the requested logical cylinder.

Because the start of a target physical cylinder may be
arbitrarily designated anywhere in the disk drive -
system, the translation method of the present.inventidn
offers_diSk space access and structuring freedom which
was not previously realisable.

The "N" bit is a defect flag. If no defects are
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present in the target physical cylinder, the defect
flag is set to N = 1. With no defects in the cylinder,
byte 3 contains zone information. Different values of
2" inform the controller 18 of the number of sectors

per cylinder, which may vary from zone to zone. # zone

consists of one or more cylinders, which have the same
number of sectors per cylinder. The zone content is
important in mathematically translating the logical head
and sector co-ordinates, based on seventeen sectors per
track, 1into the physical head and sector co-ordinates,

which under the present invention have a variable sector

basis depending upon the zone. The present invention
translates the head and sector co-ordinates in the same
manner as was previously described concerning the prior
art. To summarise, the co-ordinates based on seventeen
sectors per track are translated into a base ten inter-
mediate number, which is subsequently translated into a
co-ordinate set based on the actual sectors per track
contalned in the particular zone of interest.

Note that the index table only prov1des the
physical cylinder’s start location corresponding to the
host computer’s requested logical co-ordinate set. The
remaining two requested logical co-ordinates are
translated mathematically as described above. If no
defects exist in the designated physical cylinder, the
mathematically translated co-ordinates are added to the
physical cylinder’s start co-ordinates to pfovide a
complete set of translated co-ordinates defining the

| target physical location. However, if the defect bit

is set to N = 0, indicating that a defect exists in the
physical cylinder, byte 3 contains a pointer "I" into
the defect table 80 of Figure 5.

The indexing arrangement, as described above,
provides several advantages over the pfior'art. The

This Sheet Has Been Re [i

(N




3

10

15

14

index table look up and calculation takes less than 200
micro-seconds, and represents a significant time
reduction in the prior translation and pre-seek arrange-
ment described before. Current disk drive manufacturing
technology'has feduced the number of defects preseﬁt on
a typical disk to an average of one defect per four
tracks. Accordingly, the indek table as described
above is used approximately 75% of the time, which
means that three out of four of the logical to physical
translations occur in less than 200 micro-seconds. The
reduction in time is due mainly to the elimination of
the complicated mathematical computations, required for
translating the logical cylinder number into a physical
cylinder location, through the use of the index table.

Referring now to Figure 5, the defect table is
shown. The defect table 80 is accessed by the index
table of Figure 4 if a defect exists in the indexed
physical target cylinder. Each table entry of the
defect table 80 includes four bytes of data for storing
the following information: |

byte 0 = [t7, t6, t5, t4, t3, t2, ti, t0]
byte 1 = [10, z6, z5, z4, 23, z2, 21, z0]
byte 2 = [h3, h2, hi, hO, 3, cl, c0, reserved]
byte.3 = [s7, s6, s5, s4, 83, s2, sl1, sO]
whefein
SCRp - (t) = target physical sector on cylinder,
CYLp _ (¢) = cylinder push count,
HDp : (h) = head push count,

TARGET SCR (s) sector push count,
L (1) = 1last defect on this cylinder,
VA (z) zone (number of sector/cylinder),
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R = reserved.

The value "I" from the index table provides the
address information for each entry in the defect tdole
80. Within the defect table 80, the cylinder push
count (C), head push count (HD) and sector push count
(SR) represent the push or offset value for a single
target physical cylinder entry in the defect table, and
not the accumulated number of defects for the. entire
drive. The value "L" in the defect table is used to
delinéate the last defect on the target physical
cylinder. The zone value "Z" proﬁides the number of
sectors per cylinder. .

To implement the disk drive translation and defect
management method of the present invention, it is first
necessary to construct the index and defect tables. The
index and defect tables are constructed at the disk
drive factory. The tables are then stored in micro-
code, and are loaded into the disk drive system when
booted up.

Each defect is discovered by filling the disks
with data and then attempting to read the data stored in
each segment. A listing or map is constructed that
lists every possible co-ordinate set or cylinder number,
head number and sector, and desighates which addresses
are defective. This listing is called a sector map.

The sector map is used to construct both the index
table and the defect table. Disk drive designers use
the sector map to determine the best layout of start and
stop locations for each cylinder. Cylinders may be
designated, such that, large blocks of defects may
fall between cylinders. Consequently, these areas

‘would never be accessed by the disk drive. Each
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designated physical cylinder start position is tabulated
with the host’s logical cylinder designation to create
the index table, for example as shown in Figure 4.

The disk drive designers complete the index table
by adding the defect flag, the zone data, and thé
defect table pointer address, if necessary.

The defect table is constructed by listing the
number of defects per physical cylinder. Defects are
accummulated by sequentially adding them as the cylinder
is searched. As the defects are added, a push count is
génerated and maintained. The push count is an address
offset, usually designated by a three co-ordinate set,
namely: cylinder push count, head push cdunt, and
sector push count. This push count is added to the
requested address to move, or push, the address to a
new, non-defective sector. The defect pointer
désignates the first defect in the defect table corres-
ponding to the particular cylinder in qﬁestion. A
series of defects is entered into the table as a single
entry with the push count incremented by'the number of
errors in the series. The table is then searched until
elther the target sector is reached in the search or the
last defect on this cylinder flag (L) is detected. 1In
either case, the push count up to that point is added
to the physical cylinder start position providing an
adjusted start position which when added to the
calculated target head ;nd sector co-ordinates will
result in an error free address.

Each physical cylinder has a corresponding address
or set of addresses in the defect table, unless no
errors exist in that cylinder. A defect i&hle search
adds approximately 50 micro-seconds per defect to a

. translation time. Typically, therefore, a worst case

for the translation time for searching a physical
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cylinder with six discrete defects is less than 500

micro-seconds. o
The disk drive translation and défect management

method of the present invention providés numerous advan-

tages for information storage in disk drive systemd.

‘The main advantage is a significant reduction of

translation tlme. With the target location stored in
the index table, the mathematical steps required to
calculate the tafget physical cylinder are no longer
necessary, Furthermore, no matter how many physical
defects occur before a target physical location, it is
not necessary for the controller 18 to perform any '
defect management computations because they have béen
pre-computed in advance. Accordingiy, the present
invention reduces computation time to approxlmately 10%
of that required in prior art methods.

Another significant advantage of the translation
and defect management arrangement of the present
invention is its flexibility in mapping the disk drive.
The index table can be constructed so that any logical
cylinder number can be translated into an arbitrary
physical location designated anywheré'on the disks of
'the drive system. For instance, it is advantageous to
place the physical cylinder location corresponding to
the logical cylinder 000 in the middle of the disk.
This is accomplished by constructing the index table so
that when the‘logical cylinder 000 is called, the index

. table directs the controller 18 to the physical location

in the middle of the disk. The advantage of mapping the
physical cylinder 000 into the centre of the disk'is
that it reduces the average head access time in half.
Yet another advantage of the present disk drive
translation and defect management arrangement is the
ability for an end user to modify the disk drive into
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different configurations. By adjusting the number of
entries in the index table, the number of physical
cylinders and heads in a disk drive can be altered. For
example, a 700 cylinder two head disk drive can be.
altered into a 500 cylinder three head disk drive. This
is accomplished by reducing the number of entries in the
index table from 700 to 500, and adjusting the physical
head information (HD) stored in byte 0 of the index
table to reflect a change from two to three heads.

Yet another advantage of the disk drive.

translation and defect management arrangement of the

present invention is its ability to handle efficiently a
large number of defects which may occur in a disk drive
system._ The defect management arrangement of the
present invention enables grouping of the defects
together so that they appear as a single defect during
translation. For example, if five discrete defects
occur in close proximity to one another, the group of
defects can be mapped to occur between the end of one
physical cylinder and the beginning of the next physical
cylinder. 1In this manner, the group of discrete
defects are essentially spanned or mapped out of the
index table. The defects are thus transparent to the
controller 18. - '

Yet another advantage is that the arrangement of
the present invention can use disk drives and space more
efficiently. The zone number "Z" for each entry can be
arbitrarily set to vary the number of sectors per
cylinder fyom zone to zone. For example, the 1nner
zone may be set to thlrty sectors per cylinder, the
middle zone may be set to thirty six sectors, and the
outer zone may be set to forty_four sectors. Such an
arrangement provides an efficient use of the physical
media space of the disk drive.
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1. A method for accessing a physical memory location
in a disk drive system having at least one magnetig.
storage disk (12) having a plurality of the physical
memory locations (40), and at least one magnetic head
(14) for accessing the physical memory locations, '
wherein each physical memory location is designated by a
cylinder number, a head number and a sector number, the
method comprising the steps of receiving a request for
access to a physical'memory location, the request
comprising a logical cylinder address, a logical head
address and a logical sector address, translating the
logical cylinder address, the logical head address and
the logical sector address into a physical cylinder
number, a physical head number and a physical sector
number, and seeking said at least one magnetic head to
the physical memory location on said at least one disk

designated by the physical cylinder number, the

physical head number and the physical sector number,
characterised in that the step of translating comprises
obtaining the physical cylinder number by referring to
an index table, in which logical cylinder addresses
correspond with physical cylinder numbers for physical
cylinders arbitrarily located on said at least one
magnetic storage disk.
2; A method according to claim 1 characterised in
that the step of translating further comprises referring
to a defect table for generating the physical head
number and the physical sector number from the logical
head address and the 1ogica1 sector address, whereby to
compensate for physical defects on said at least one
magnetic storage disk. '
3. A method according to claim 2 characterised in

T
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that the defect table contains a defect count repre-
senting the number of physical defects present in each
physical cylinder on said at least one magnetic storage
disk, and in that the step of generating comprises '
computing an initial physical head number and an iﬂgtial
physical sector number from the logical head address and
the logical sector address and adjusting the physical
head number and the physical sector number according to
the defect count obtained from the defect table.

4. A method according to claim 2 or 3 characterised
in that the step of referring to the defect table is
initiated by a pointer in the index table. '

5. A disk drive system having a controller (18), at
least one magnetic storage disk (12) having a plurality
of physical memory locations (40), and at least one
magnetic head (14) for accessing the physical memory
locations, wherein each physical memory location is
designated by a cylinder number, a head number and a
sector number, the controller comprising means for
receiving a request for access to a physical memory
location, in the form of a logical cylinder address, a
logical head address and a logical sector address, and
means for translating the logical cylinder address, the
logical head address and the logical sector address into

.a physical cylindér_number, a physical head number and

a physical sector number, and the controller being

- arranged to move said at least one magnetic head to the

physical memory location on said at least one magnetic
storage disk designated by the physical cylinder number,
the physical head number and the physical sector number,
characterised in that the controller further comprises
an index table in which logical cylinder addresses
correspond with physical cylinder numbers for physical
cylinders arbitrarily located on said at least one
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magnetic disk, and means for referring to the indexl
table in responsé to the request for access for
obtaining the physical cylinder number.

6. A disk drive system according to claim 5 2
characterised in that the controller further comprises a
defect table, and means for referring to the defect
table for generating the physical head number and the
thSical sector number from the logical head address and
the logical sector address. '
7. A disk drive system according to claim 6

iy characterised in that the defect table contains a defect
count representing the number of physical defects
present in each physical cylinder on said at least one

magnetic storage disk.

8. A disk drive system according to claim 6 or 7

)5 characterised in that the index table contains pointers
to the defect table associated with the physical
cylinder numbers for physical cylinders in which defects
are present.

9. A method for accessing a physical memory location
3 in a disk drive system, the system having a controller
(18), at least one magnetic storage disk (12) having a
plurality of physical memory locations (40), the
individual locations being accessed by cylinder, head
and sector numbers, and at least one magnetic head (14)
for accessing the physical memory locations, the methed
being-characterised by the steps of: storing in the
controller an index table containing a set of logical
cylinder memory location entries, wherein each said
logical cylinder entry and said index table corresponds
to a physical cylinder arbitrarily located in said disk
drive system, transmitting from a host computer (20) a
request, including a logical cylinder, a logzcal head
and sector, to the controller to access a specific,
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physical memory location defined by a physical cylinder,
head and sector in the disk drive system, identifying
said specific logical cylinder in said index table, and
by virtue of said identification, pointing to sai%. _
corresponding physical cylinder arbitrarily located in
said disk drive system, translating said logical head
and sector into respectively a physical head and sector
within said pointed to physical cylinder, and seeking

' said magnetic head to said physical cylinder, head and

sector to facilitate information transfer between said
physical memory location arbitrarily located in the disk
drive system and the host computer.

10. A method of accessing a physical memory location
in a disk drive system having at least one magnetic
storage disk (12) having a plurality of the physical
memory locations (40), and at least one magnetic head
(14) for accessing the physical memory locations,
wherein each physical memory location is designated by a
cylinder number, a head number and a sector number, the
method comprising the steps of receiving a request for
access to a physical memory location, the request
comprising a logical cylinder address, a logical head
address, and a logical sector address, translatihg the
logiéal cylinder address, the logical head address and
the logical sector address into a physical cylinder
number, a physical head number and a physical sector
number, and seeking said at least one magnetic head to
the physical memory location on said at least one
magnetic storage disk designated by the physical
cylinder number, the physical head number and the
physical sector number, characterised in that the step
of translating comprises generating the physical
cylinder number from the logical cylinder address, and
referring to a defect table containing data relating to
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the defects in a physical cylinder on the at leas} one
magnetic storage disk designated by the physical
cylinder number for generating the physical head number
and the physical sector number from the logical head
address and the logical sector address. ‘

11. A disk drive system having a controller (18), at
least one magnetic storage disk (12) having a plurality
of physical memory locations (40), and at least one
magnetic head (14) for accessing the physical memory
locations, wherein each physiéal memory location is
designated by a cylinder number, a head number and a

~ sector number, the controller comprising means for

receiving a request for access to a physical memory
location, in the form of'a logical cylinder address, 'a
logical head address and a logical sector address, and
means for translating the logical cylinder address, the
logical head address and the logical sector address into
a physical cylinder number, a physical head number ‘and
a physical sector number, and the controller being
arranged to move the at least one magnetic head to the
physical memory location on the at least dne magnetic
storage disk designated by the physical cylinder number,
the physical head number and the physical sector number,
characterised in that the controller comprises a defect
table containing data relating to the defects in each
physical cylinder on the at least one magnetic storage
disk, and means for referring to the defect table for
generating the physical head number and the_physical
sector number. ' :
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