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The present invention relates to a method for 8 g §’ b=

. _ g

> accessing a physical memory location in a disk drive Q "=
system, and to the disk drive system itself. More Effg-a %

particularly, the present invention relates to a & 2 £ 3

location translation arrangement, which provides an {;ﬁ;\g~

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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onE di sk, Conputer systens rely on disk drive magnetic nenory systens,
#igst ot her devices, for data storage. Referring nowto Figure 1, a

B 6ck di agram of a standard disk drive system 10 is shown. The disk drive

system 10 i ncl udes one or nore magneti @ storage di sks 12, one or nore

magnetic read/wite heads 14, and. a seek nmechanism 16 to nove the heads 14

physically over the disks. A controller 18 nmanages information transfer

bet ween t he cendreddedi 38 mardinulangs dthegewk 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
10 -are two surfaces per disk (HD = 0 and HD = 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

13 (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 blurality 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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| nformation on the disks, however, is not stored in a |ogical format.
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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 requiréd. _ _

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
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B on of the disk drive system 10, the host conputer 20 provides
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the | ogical request fromthe host conmputer 20 into a - corresponding
physi cal

target | ocation on one of the disks. Once the translation is

performed, the 2 controller 18 manipul ates the seek mechanism 16 to
direct the heads 14 to the physical target |ocation, whereupon the heads 14
read or store information. :

Wil

20

(%1}

10

15

15

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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‘Referring nowto Figure 2, an isolated perspective view of several magnetic
di sks 12 of the disk drive system 10 is shown. The purpose of illustrating

the disks is to show how information i
t he di sks,
I nventi on.

which is essential for an undtrstanding of the present
Each side of a disk 12 is called a data storage surface 30,
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segments remaining (135 - 78 = §7). 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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desi@iated as the first logical track (track = 0) and the innernost 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
spindl e 34 and are physically stacked ofle above the other. The conbi nation
of like track nunbers on each of the surfaces 30 fornms what is called a
cylinder. Each surface is also divided up into a certain nunber of pie

shaped sect gthe FRSEREGIQF pupber; 28, €ithincthedtsyckne Yheneverssd and the

tracks 32 fQiypsical 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
5 ' 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
to. 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
3 . 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

- 0 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

5 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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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 léast
one magnetic storage disk having a plﬁrality 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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& per track has therefore increased, and the REPLACEMENT SEET 3
t state of the art is twenty six sectors per track. Using special
access techni ques, the nunber of sgctors per track can be expanded to

as nany as forty four.

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
10 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
15 correspond with physical cylinder numbers for physical
cylinders arbitrarily located on said at least one

(¥ 1Y

magnetic storage disk. :
According to another aspect of the present
invention, there is provided a disk drive system having
20 a controller, at least one magnetic storage disk having
a plurality of physical memory locations, and at least
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
3 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
o 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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A co!r’ol ler 18 is responsible for translating a |ogical request fromthe
host gconmputer 20 into the correct target physical segnent 40 on the disk.
EBach’l ogi cal request includes a |ogical cylinder, head and sector address,
whi ch' nust be translated into a t ar get %hysical cylinder, head and sector
| ocations. The transl ation, however, is conplicated by several factors.

Host conput grfyg&ﬁ ihém fégagf?!%hérévéﬁféev n£§$ ﬁéoﬁ\a§h§'ﬂ@érd and,

hence, thei ogi cal _ requests aré ornat By contrast,
storage disk designated by the physical cylln er 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 -
5 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
obta1n1ng the physical cylinder number.

By means of the present invention, it is p0331ble
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

(Y1}

this new location.
The invention will be described further, by way of

example, with reference to the accompanying drawings,
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Pl sk drives contain a varying nunber of sectors per track up to

F Si-X sectors per track. Accordingly, as will be described in the

e below, a mathenmatical translation froma |ogical seventeen sector
t to a physical twenty six sector fimat is required. A second factor
whi ckh conplicates the translation is that the host conmputer 20 considers

t he disk drive b i%%,a defect free nenory block. In practice, however,
defective sedﬁen-s are intermttently spaced throughout

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;

w

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
10 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
L5 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- |

N
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Fcal disk nedia. A defect managenent nmethod is therefore required.
ri be the operation of the prior art two step translation and defect
nt arrangenment, an exanple is prggided. A two step process is

i ked for. a conplete |ogical to physi

(1) Cal cul ating the | ogical to physical |ocation trans]ation

| translation. The two steps

using well knguperinedeénery i/24S48EeE€E 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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4 algorithns. (2) Adj usting the target physical translation
sate for known physical defects which exist in the disks of the

Consi der a three head, twenty fIX sector per track, drive
Ied by a host conputer using a fodﬁ

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 zone (number of sectors/cylinder)

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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head g ent een sect or per track, format. The host conputer 20 sends a

reque@® to the controller 18 for a | ogical address conprising a |ogical

cylin@r nunmber (1), a logical head nunbgr (3), and a | ogical sector nunber
he first step in the nmathemati cal .
| ogi cgl request into an internediate sector nunber, mhich in this instance

Thi s

by nufflplyln

per cyllnder
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translation is to convert the

| $md % |s os format,-
BUFREE, Sntehe! ol LASIER: L tediolorl MUK
fiag is set to N = 1. With no defects in the cyllnder,
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 df 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
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ti reje nunber of sectors per track (17),

and addi ng the head requeét

nunb@ (3) times the nunmber of sectors per track (17) and al so the sector
requ@t number (16), as follows:- (1 x x 17) + (3 x 17) + 16 =

135

evious calculation is nmuch |ike tﬂé calculation to convert a base

severft een nunber into a base ten number. Next, the base ten nunber nust be

transl ated int t si X l.ocati on. The i n dlat
s trans|ateg ?Oggﬁie %%OkYup and calculation ta e ess han 0
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micro-seconds, and represents a significant time

135,

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, 25, 24, 23, z2, 21, 20]
byte 2 = [h3, h2, hi, hO, 3, cl, c0, reserved]
byte.3 = [s7, s6, s5, s4, 83, s2, sl1, sO]
wherein
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,
z (z) = zone (number of sector/cylinder),
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t ar get si cal segnent in the twenty six sector disk drive systemin the
follo g manner. In the three head and twenty six sectors per track disk

dfive nfiguration, there are seventy e| ht segnents per cylinder. Wth
an intgrnedi ate segnent nunber of 135, cyllnder is conpletely used up
with fgEfty seven segnents remai ni ng (135 - 57). Two conplete tracks

€ and

: R = reserved.

The value "I" from the index table provides the
address information for each entry in the defect tdole

5 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
10 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
15 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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pconpl etely inserted into the remainder (2 x 26 52),
Fe sectors. Accordingly, the target translation results in a phyS|caI
t designated by the nunbers: cylinder = 1 head =
5. In the second sk%&p, the -target physical segment

| ocaffi on is adjusted to conpensate for physical defects,
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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
éither 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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r on the disk prior to the above physical target segnent

* Before discussing two common techni ques for conpensating for
it is first necessary briefly tq described how physical defects
are deffected on the disk surface. The di W drive manufac- turer wites

[ ion on every segnent 40 on the disk and then reads back that

i nforngtion TRAkY WidR gq#: anry rgbmarked as
def ect fve. Theggocatlons of I%W%gﬁﬁggqéyééé reco?%%d an napped out of
t he phy5|cal piSKOs§ecRRds .

The disk drive translation and defect management

% method of the present invention provides numerous advan-

: tages for information storage in disk drive systemd.

5 ‘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

10 defects occur before a target physical location, it is

. not necessary for the controller 18 to perform any |
defect management computations because they have been
pre-computed in advance. Accordingiy, the present

invention reduces computation time to approxlmately 10%

-3 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 anywhere'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

“ﬁﬁiiﬁ‘li‘ii:ﬁﬁi“m i
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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.

\\Il\l\\ \|||\T\iﬁ‘ uﬂiif ]
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5t sect wi thin the track. Wenever a physical defect
in the trr.i"” lls sinply Te- mapped into a spare area at the end

'FH | ustratjve table of Fi gure 6 for

CLAIMS

1. A method for 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, 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

e
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U is n the fourth segnent, an "x" appears
ng tha Iiﬂi& mE "Hf!u IS present In the mappi ng net hod :
d abov gnent is nply re-mapped, as illustrated by

into a spare segnent at the en of the track. In a second defect
nt nmet hod according to the prior art, the solution for

dat i ngrph¥sthael ddgket! %abfl%t contdin §1a dferf%.% ts%v.ﬁit{r&’épzté}- skip them
I ncrement tgﬂg Egmil I’llm'g% ment s .accordi ng

sen 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

This Sheet Has Been Reﬂlaced
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ef ect occurs, in consequence, the | ast segnent on the map i s pushed
ext acﬂ“muwljmnﬂ ﬁﬂre Referring nowto the illustrative table
of Fmkire 7, f second prior art defect managenent method,

a si |f|ed tmenty Six"settof track i 2lshown. The defect at segnent four

i dent@gfied by an "X", is pushed into the next segnent. As a result, the

secrd as amh AR TP EANIN SRR L R R R %‘*‘% been
I ncr nt edtable 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

ti
i nt

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,

ect Has Been Re(ﬂaced E

T d
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t equal to the accumul ated nunber of bad sectors occurring before
_ stejy“mn' I A nunber of problens are associated with the
i on HHEclmﬁmﬂgmrent met hods of the prior art as described
orenost, ¢ he tMmesreuired for tB8& mathematical translation is .
e. It is a slow and tedi ous process for the disk drive controller

push
the r
t ransl
above.
excess

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

.0 physical memory location arbitrarily located in the disk
drive system and the host computer.
5 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
,0 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

d 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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I mped information transfer tinme between the disk drive system 10 and the
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address and the loglcal 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
R 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
5 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
P 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 phy31cal
sector number.
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._[Figure 3]

rence of the disk. The information storage density per segnent in

ner tracks is therefore relatively high, and is an efficient use of

In contrast, the density at the outer segnents is relatgvely |ow,

an inefficient use of space. As2& result, a substantial, percentage

physi cal storage nmedium | ocated near the outer ci rcunf erence of the
s unused. Furthernore, a proportion of the spare segnents.remain

B, which is wasteful. One prBoS B R & nmanagenent sWstemis shown

Techni cal Disclosure Bulletin, Vol. 24, No. IB, June 1981, at pages

627. This dgsekl & 1 '

system are avo

and head add

. |n a disk

The present invention provides a method for
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 ahd 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 the at least one magnetic head to the
physical memory location on the at least one magnetic
storage disk designated by the physical cylinder number,
the physical head number and the physical sector number.
The translating step 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 the at least one magnetic storage disk.
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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
_location translation arrangement, which provides an
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
system 20 by controiling 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 memdry 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 withogt‘considering'fhé]
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 manipulates the seek 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 inﬁention. Each side of a
disk 12 is called a data storage surface 30, and there
are two surfaces per disk (HD = 0 and HD = 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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Preferably,

t he |ndex table al so provides a pointer into adefect—tab

thege is a defect present at the target%phy5|cal disk location. In this

case, the defect table may provide an
physi cal location into a new, defect free physi cal

fset value to push the target

access of trgé}}gﬂ%'é%&ﬂé(ﬁr the art is twenty six sectors per

rrack. Using special data access techniques, the
pumber 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 and
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 compllcates 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 phyéical translation. The two

steps include:-

(1) Calculating the logical to physical location
translation using well known mathematical translation

| ocation to allom/dlrect
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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 .18 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 thg number of sectors
per track (17) and also the sector request number (16),

as follows:~-
(Lx 4x17) + (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 fifty 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 targét 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 physical defects,
which occur on the disk prior to the above physical
target segment location. Before discussing two common
techniques for compensating for defects, 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 segments
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 intc 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. 1In 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 pﬁysical
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 pushed 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 simpiified 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 address 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 problems 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 process for the disk drive controller
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to access the aforementioned absolute physical location.
The checks required to keep track of the defects also
slow down the computation significantly. Approximately
two to five milli-seconds are required for each trans-

jation. The accumulated effect of these translations

seriously 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
innermost tracks are physically shorter than their
counterparts situated near the outer circumference of
the disk. The information storage density 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 low, 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 methed for accessing a physical

‘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 maghetic
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 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 éaid 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 cne

v - ——

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 least
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
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 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 physical cylinders in the disk
drive sYstem, which is advantageous in terms of use of
space. ,
For example, the percentage of phyéical 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. 1In
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,



15 si gnificant

|y reduces information access ti

arrangenent of indiv
i ncreases’ t he imﬂﬂh

Ref erri ng nomrt
physrcal target
hown. This table |s

|dual physrcal cylinders on a dis

dk i cal space used fo
i |ndex t abl e used for h
sIatrons according to th

stored menory associ ated w

mnthrn t he drsk drive controller 18, andoi s accessed

menory | ocation

R EPHACEMENS 5&1*%{ rary

Dy

i's
a servo-procesgpr
0 a

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 Figuré
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-



PRATEM

jars i §

TS

)

25 ordered by the host computer 20. The | ogical
requested by the host conputer 20 i's used to designate
accessing each entry in the index tabl e. The | ogi cal hgad
co-ordi nat es ar e This 8lgket $rat hemat i cal equati on |t ¢
target cylinder st es provided by the indgx |t
entry is |abelled i nder 0, and the |ast gnt
the | ast | ogi cal i

and sec

B L0CT

tor

i 3

he “fi

“11

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
pnysical target cyiinder location, i.e. to designated
cylinder, head and sector cc-ordinates, (step 60) to
push these co-ordinates into a defect free physical
location. The adjusted or unadjusted start co- '
ordinates (depending on whether or not a defect exlsted
in the designated cylinder) are added to the computed
translation'prcviding 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 requested 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 O,

-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:-

Byte 0 = [HD, HD, HD, HD, N, C, C, C]

Byte 1 = [c, C, C, C C, C, C, C]

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

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

HDp (HD) = the physical head location

N (N) = a defect flag bit

CYLp (C) = the physical cylinder location

SCRp (SR) = the physical sector location

I = index into defect table, or

Z = zone (number of sectors/cylinder)

. 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 invention
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
*z" inform the controller 18 of the number of sectors
per cylinder, which may vary from zone to zone. A 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, intoc the physical head and sector co-ordinates,
which under the present invention have a variable sector
basis depending upon the zone. The présent 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
contained in the particular zone of interest.

Note that the index table only provides 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 provide 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 prior art. The
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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 reduced the number of defects present on
a typical disk to an average of one defect per four
tracks. Accordingly, the index 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, toO]
byte 1 = ({10, 26, 25, z4, 23, z2, 21, 20]
byte 2 = [h3, h2, hl, hO, c3, cl, c0,; reserved]
byte 3 = [s7, s6, s5, s4, s3, s2, si, s0]
‘wherein
SCRp - (t) = target physical sector on cylinder,
CYLy (¢) = cylinder push count,
HDp '(h) = head push count,
TARGET SCR (s) = sector push count,
L (1) = 1last defect on this cylinder,

Y (z) = 2zone (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 table
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
delineate the last defect on the target physical
cylinder. The zone value "Z" provides 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 designates 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

'py adding the defect flag, the zone data, and the

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
generated and maintained. The push count is an address
offset, usually designated by a thrée co-ordinate set,
namely: cylinder push count, head push count, 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
designates the first defect in the defect table corres-
ponding to the particular cylinder in question. 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
éither 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 and 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 cylihder. A defect table séarch
adds approximately 50 micro-seconds per defect to a
translation time. Typically, therefore, a worst case
for the translation time for searching a physical

een ;
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cylinder with six discrete defects is less than 500
micro—-seconds.

| The disk drive translation and defect management
method of the present invention provides numerous advan-
tages for information storage in disk drive systemd.
The main advantage is a significant reduction of
translation time. With the target location stored in
the index table, the mathematical steps required to
calculate the target 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 been
pre-computed in advance. Accordingly, the present
invention reduces computation time to approximately 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 anywhere on the disks of
the drive system. For instance, it is advantageous to
place the physiéal cylinder location corfesponding 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 invehtion 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. In 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 "2" for each entry can be
arbitrarily set to vary the number of sectors per
cylinder from zone to zone. For example, the inner
zone may be set to thirty sectors per cylinder, the
middle zone may be set to thirty six sectors, ahd 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.



30 physical cylinder, byte 3 contains a pointer "I" into the defect
t.abl e 80 of Figure 5. The indexing arrangenent, as desg

ribed above
provi des several advantages over the prior art. The RﬂpLR@ENﬁ%HbSHEEﬁ

P A = 200 e e e

19

=

CLAIMS

1. A method for 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, 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
designatéd 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 logical 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

This Sheet Has Been Rerilaced
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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 leasﬁ one magnetic storage
disk, and in that the step of generating comprises
computing an initial physical head number and an initial
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 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
- 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 refefring to the index
table in response to the request for access for
obtaining the physical cylinder number.

6. A disk drive system according to claim 5
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
physical sector number from the logical head address and
the logical sector address.

7. A disk drive system according to claim 6
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
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
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 method
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 logical 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 said
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, 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
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 least 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 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 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 one magnetic
storage disk deéignated by the physical cylinder number,
the physical head number and the physical sector number,
characterised in that the contrcller 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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The present invention provides a method for

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

and seeking the at least one magnetic head to the
physical memory location on the at least one magnetic
storage disk designated by the physical cylinder number,
the physical head number and the physical sector number.
The translating step compfises obtaining the physical
cylinder number by referring to an index table in which
logical cylinder addresses correspond with physical
éylinder numbers for physical cylinders arbitrarily
located on the at least one magnetic storage disk.

Figure 3.

cyTTinder
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The present invention relates to a method for
accessing a physical memory location in a disk drive
and to the disk drive system itself. More
the present invention relates to a
which provides an
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
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
system 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

system,
particularly,

memory systems,

- corresponding physical target location on one of the
disks.

Once the translation is performed, the

g
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controller 18 manipulates the seek 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

‘are two surfaces per disk (HD = 0 and HD = 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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advance. Accordingly, the present 15 I nvention reduces conputatlon
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current state of the art is twenty six sectors per
track. Using special data access techniques, the
numper 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 and

) sector address, which must be transiated 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. 1In 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
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(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 18 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:~-

(Lx4x17) + (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. 1In 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 fifty 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 physical defects,
which occur on the disk prior to the above physical
target segment location. Before discussing two common
techniques for compensating for defects, 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. 1In 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 segments
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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cylinder three head disk drive. This is acconplished py| reduci ng
hunber of entries in the index table from 700 to 500, Jarjd 2@ $fEp i
physi cal head information (HD) stored in byte O of th
reflect a change fromtwo to three heads. Yet another
drive transl ation and defect nmanagenent _arrangenent o
invention is its ability to handle effiéiently a |large nunber o

whi ch may occur in a disk drive
' the last sector number 26 within the track."Whenever a
PbYSical 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 ih linear order from one to three until segment
number four is encountered. 1In the fourth segment, an
"X" 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 pushed 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 address 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 problems 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 process for the disk drive controller
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The checks required to keep track of the defects also slow down the computation
significantly. Approximately two to five milli-seconds are required for each translation.
The accumulated effect of these translations seriously 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 storage surface remains unused. The sectors contained in the
innermost tracks are physically shorter than their counterparts situated near the outer
circumference of the disk. The information storage density per segment in the inner
tracks is therefore relatively high, and is an efficient use of space. In contrast, the
density at the outer segments is relatively low, and is an inefficient use of space. Asa
result, a substantial percentage of the physical storage medium located near the outer
circumference of the disk is unused. Furthermore, a proportion of the spare segments
remain unused, which is wasteful.

One prior art defect management system is shown in IBM Technical Disclosure
Bulletin, Vol. 24, No. 1B, June 1981, at pages 625 to 627. This describes a system in
which defective tracks in a disk drive system are avoided by using an index table to
convert logical cylinder and head addresses to physical cylinder and head numbers.
However, this does not describe any way of avoiding defective segments and does not
allow more efficient use of space on the disk. Another technique is disclosed in
European Patent Publication No. 0223611, where a logical block address is translated to
a logical cylinder head and sector number, which is then adjusted in response to a defect
list to find physical cylinder, head and sector numbers. However, such a technique does
not allow the available space on the disk to be used more efficiently.

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.
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Qresént I nvention can use disk drives and space nore efflb.@miﬁg :
nunber "Z" for each entry can be arbitrarily set to varjy {t he nunber of
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set to thirty sectors per cylinder, the 30 m ddl e [zane_pRy be set {t
thirty six sectors, and the outer zone y be set to fforty four sectors
Such an arrangenent provides an effici en?guse of the physt+ead

According to one aspect of the present invention, there is provided a method for
accessing a physical 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 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 and physical cylinder start location by
referring to an index table, .in which logical cylinder addresses correspond with physical .
cylinder numbers and physical cylinder start locations for physical cylinders arbitrarily

“located on said at least one magnetic storage disk and translating mathematically the

logical head address and the logical sector address.
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magneti c storage disk (12) having a plurality of the physrcat—memory
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desi gnated by a cylinder nunber, a 8
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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 least 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 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 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 numbefs and physical cylinder start
locations for physical cylinders arbitrarily located on said at least one magnetic disk,
means for referring to the index table in response to the request for access for obtaining
the physical cylinder number and physical cylinder start location, and means for

translating mathematically the logical head address and the logical sector address.
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Furthermore, the invention permits an arbitrary arrangement of target physical
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 spéed transla'tl""dns.éf
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

The invention will be described further, by way of example, with reference to the



‘cyl i hder numbers and physical cylinder start |ocations fqyﬁgﬁgﬁﬁggNﬁ‘SHEﬁT
cylinders arbitrarily located on said at |east one nagne}i g—st

and translating mathematically the |ogical head address angl the h$gh&§I
sector address. 2. A met hod according tid cl ai m 1 char hcl erd 286FI B8 h
the step of translating further conprises referring to ajd N :
generating the physical head nunber and the physical sector nunber fromth
| ogi cal head adBir¥Bdchid the | ogical sector address, whef
for physical defectspqgusal 4 als lLRUKAIRAMW] idF o YdtadbSlaisk A

met hod according.to cldim2 characterised 1m that the defect table contains
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physi cal cylinder onrsgugteal li®asin dRo IMEEPersfeytigr diidy nd in that

the SE?p of geggggggqgof the disk of the disk drive system of Figure

5
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 ﬁahaging 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

25 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).

30 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-

10
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conprises conmputing an initial physical head nunber and
gectdr nunber fromthe |ogi.cal head address and the | ogi
and adjusting the 20 physi cal head nunber and the phy
according to the defect count obtained fromthe defect t
met hod according to claim2 or 3 charactertded in that t

J

s

gEPLSAC\,%UINEL;L;I g‘;
o o2 4 5EP %o T
hel_st ep af . '
in the i ndex tabl 4.

referring to the defect table is initiated by a pointer

determined entry in a defect table (step 58). The
selected entry in the defect table provides a defect
offset value for the thsical location in question. The
offset value is added to the start co-ordinates of the

physical target cylinder location, 1i.e. to designated
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-
ordinates (depending on whether or not a defect existed
in the designated cylinder) are added to the computed

10

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

15

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

20

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

25

ordered by the host computer 20. The logical cylinder

co-ordinate requested 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
30 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



5. " “A method according-to any preceding clai mcharact efpgad qhatark

systén1has a controller (18) and the request comes from R ) .“jﬂﬁﬁﬁ S}é]
(20), the nmethod further conprising storing the index taplle in the
controll er and seeking said magnetic head to the physical jcyRi2SEP 1998ac
and sector nunber to facilitate informati oh2transfer betjwgen said physi g¢al
menory | ocation and said host conputer. 6. A di sk drijve system having

controller ([18) st _one netic_stora i sk _(12)hs
of physi cal mnﬁ@?%%’gt?%ﬁisfﬂg?‘? K qthe Péggt gSﬁgerragl)?é’ﬁ
accessi ng the pifssimplifioayiongcat thesindbrr eableaocl gggam@ag mamﬁ%@ns

| ocation is (de }ggft b . i e u r.an sector
nunber, the co%%r Iéékcgﬁégg%#ngygé%%gpPgéth%gi6gﬂ§ege eaué“g’tgf'or(\I ccess
to a physicdl rEi#ld 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:-

)

5

10 Byte 0 = [HD, HD, HD, HD, N, C, C, C]
Byte 1= [c,c,Cc,C,C, C, C, C]
Byte 2 = [I, SR, SR, SR, SR, SR, SR, SR]
Byte 3 = [I, I, 1/z, 1/Z, 1/2, 1/Z, 1/Z, I/2]
wherein
15
HDpo (HD) = the physical head location

N (N) = a defect flag bit

CYLpo(C) the physical cylinder location
SCRpo (SR) the physical sector location

20 I = 1index into defect table, or

Z zone (number of sectors/cylinder)

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

30 system, the translation method of the present invention
offers disk space access and structuring freedom which

25

was not previously realisable.
The "N" bit is a defect flag. If no defects are
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per cylinder, which may vary from zone to zone. A 2zone
consists of one or more cylinders, which have the same
number of sectors per cylinder. The 2one content is
important in mathematically translating the logical head
and sector co-ordinates, based on seventeen sectors per
track, into 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
contained in the particular zone of interest.

Note that the index table only provides 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 provide 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 prior art. The
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'redupst for access for obtaining the physical cylinder|REPhHECE ) iT '
cylinder start |ocat,ion,” and neans for translating matpe '
A di sk

| ogi cal head address and the | ogical sectgr address. 1.7
drive systemaccording to claim6 charact&®ised in thal |h@28EPr1898 er
further conprises a defect table, and neans for referrjn o.the defedt

able for 9enerAting tire PISKosh £587-RYERTR.A0% WaRRRLER uREC 1o
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 reduced the number of defects present on
a typical disk to an average of one defect per four
tracks. Accordingly, the index 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 computatiopg, required for
translating the logical éylinder'number into a physical
cylinder location, through the use of the index tab;e.

Referring now to Figure S5, 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, tl, tO]
byte 1 =" (10, z6, z5, 24, 23, z2, zl, 2z0]
_byte 2 = [h3, h2, hl, hO, ¢3, cl, c0, R]

byte 3 = [s7, s6, s5, s4, s3, s2, sl1, s0]
wherein
TARGET SCR (t) = target physical sector on cylinder,
CYLp (¢) = cylinder push count,
HDp (h) = head push count,
SCR, . (s) = sector push count,

(1) = 1last defect on this cylinder,

Z (z) = 2zone (number of sector/cylinder),




head’ address and the |ogical sector address. 8. A s tﬁ My
according to claim7 characterised in that the defect e |
def ect count representing the nunber of physical defegt
cylinder on said at |east one nmagnetic storage|digk.SEP 1998 A|d|sk
drive systemaccording to claim7 or 8 characterised ijn|that the index .
tabl e contains pointers to the defect table associate '
nunbers for physical cylinders ing.which defedts are_present
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b present in ehch

h—The physica

15
and
R - = reserved bit.

The value "I" from the index table provides the address information for each
entry in the defect table 80. Within the defect table 80, the cylinder push count
(CYLp), head push count (HDp) and sector push count (SCRp) 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 delineate the last defect on the target physical cylinder. The zone value "Z"
provides 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 designates
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 cylihders. Consequently, these areas would never be accessed by the disk

drive. Each




22 physi cal nenory |ocation defined by a physical cyI|ni&fgﬁ&§ﬁﬁﬁéﬁdﬁéé@ior
in the disk drive systeni identifying said specific log|c chl cylinder in

said index table, and by virtue of said identification, poigh i@ 498 saj d
correspondi ng physical cylinder arbitrarily |located .in $atd dirsk drive
system transl ating said | ogical head and sector into r espectrvetrya
physi cal head and sector within said pointed to physical cylinder, and

seeking said W&SQE&thQ&aSh&%f%ﬂfja@r&%&%ﬂ é%gf{“L531tfgﬁifg]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 the
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
generated and maintained. The push count is an address
offset, usually designated by a three co-ordinate set,
namely: cylinder push count, head push count, and
sector push count. This push count is added to the
requestéd address to move, or push, the address to a
new, non-defective sector. The defect pointer
designates the first defect in the defect table corres-
ponding to the particular cylinder in question. A
series of defects is entered into the table as a single
entry with the push count incremented by the number of
20 errors in the series. The table is then searched until
either 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 and 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
30 errors exist in that cylinder. A defect table 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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neDehdeth@ith six discrete defects is less than 500
micro-seconds.

The disk drive translation and defect management
method of the present invention provides numerous advan-
tages for’information storage in disk drive systems.

The main advantage is a significant reduction of
translation time. With the target location stored in
the index table, the mathematical steps required to
calculate the target physical cylinder are no longer
necessary. Furthermore, no matter how many physical
defects occur before a target physical locatioh, it is
not neéessary.for the controller 18 to perform any
defect management computations because they have been
pre-computed in advance. Accordingly, the present
invention reduces computation time to approximately 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 anywhere on the disks of
the drive system. For instance, it is advantageous to
place the physical chinder 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

logical 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

i
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met hod conprising the steps of receiving a request for access to a physi cal

menory | ocation, the request conprising a |ogical cylinder address, a
l'ogi cal head address, and a | ogical sector address, translating the |ogical
cylinder address, the |ogical head addressi@nd the |ogical sector address
into a physical cylinder nunber, a physical head number and a physical- -
sector nunber, and seeking said at |east one nagnetic head to the physical
nmenory | ocat i oftidif exgnt gonfigurantomagneBy cadjostijpgdihe dembgmabéd by

the physical 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
13 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

20 cylihder. In this manner, the group of discrete
defects are essentially spanned or mapped cut of the
index table. The defects are thus transparent to the
controller 18.

Yet another advantage is that the arrangement of

25 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 from zone to zone. For example, the inner
zone may be set to thirty sectors per cylinder, the

30 middle zone méy be set to thirty six sectors, and the
outer zone may be set to forty four sectors. Such an
arréngement provides an efficient use of the physical
media space of the disk drive.

wm
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CLAIMS

1. A method for accessing a physical memory location in a disk drive system having
at least one magneﬁc storage disk (12) having a plurality of the physical memory
locations (40), and at least one magnetic head (14) for accessing the physical memory
locatio'ns, 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 and physical cylinder start location by
referring to an index table, in which logical cylinder addresses correspond with physical
cylinder numbers and physical cylinder start locations for physical cylinders arbitrarily
located on said at least one magnetic storage disk and translating mathematically the |
logical head address and the logical sector address.
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 logical 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 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, and in that the step of generating

comprises computing an initial physical head number and an initial physical sector

number from the logical head address and the logical sector address and adjusting the
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nunber and a

obtained from the defect table.

the defect table is initiated by a pointer in the index table.

physical memory location and said host computer.

logical sector address.

{ physical head number and the physical sector number according to the defect count
4. A method according to claim 2 or 3 characterised in that the step of referring to

5. A method according to any preceding claim characterised in that the system has a
controller (18) and the request comes from a host computer (20), the method further
comprising storing the index table in the controller and seeking said magnetic head to the

physical cylinder, head and sector number to facilitate information transfer between said

6. 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 feceiving 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 controllef 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 'logica.l cylinder addresses correspond with physical cylinder
numbers and physical cylinder start locations for physical cylinders arbitrarily located on
said at least one magnetic disk, means for referring to the index table in response to the
request for access for obtaining the physical cylinder number and physical cylinder start

location, and means for translating mathematically the logical head address and the

t he
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7. A disk drive system according to claim 6 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 physical sector number from the logical
head address and the logical sector address.

8. A disk drive system according to claim 7 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.

9. A disk drive sysfem accofding to claim 7 or 8 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.
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ABSTRACT

DISK DRIVE SYSTEM AND METHOD FOR ACCESSING
A_PHYSICAL MEMORY LOCATION THEREIN

The present invention provides a method for
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, translating the logical -
cylinder address, the logical head address and the
logical sector address into a thsiéal cylinder number,
a physical head number and a physical sector number,
and seeking the at least one magnetic head to the
physical memory location on the at least one magnetic
storage disk designated by the physical cylinder number,
the physical head number and the physical sector number.
The translating step 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 the at least one magnetic storage disk.

Figure 3.



