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as many magnetic tapes, such overwriting was usually preceded by an erasing
step. In the mag- The present invention relates to managing data  netic
tape situation, where erasure is first provided, storage space on large
capacity record media.      the procedure of so-called "updating data
records Rewritable or erasable media have been used   5   in place" Is not
permitted. As a result, magnetic for years for recording all forms of
information-  tape was usually written from the beginning of the bearing
signals. In data processing environments,  tape to the end of the tape in
one pass for the such media should exhibit low error rates for ensur-
above stated reason and other operating param- ing data Integrity and rapid
storage and recovery of  eters beyond the scope of the present description.
data. Typically, rewritable or erasable media have   10  Optical recording
media has almost an order of been of the magnetic recording type. Such mag-
magnitude greater data capacity for a given sized netic media has taken the
form of magnetic tapes,  recording area than the current day magnetic re-
magnetic disks (direct access storage devices --   cording media. Many
current day optical media are DASD) and magnetic drums. When such disk me-
hard sectored, i.e., the sector marks are moulded dia are first used In a
recording environment, each   16  Into the media before the shipment from a
media medium has to be initialised for recording, includ-  factory. Such
moulding occupies media space ing formatting. Such formatting, depending
upon    which could be used for data storage. Also such the environment,
may include an extensive surface  media to date has been write once/read
many analysis with the recording of control information in  (WORM). On the
other hand, magnetooptic media various addressable data storage areas of
the   20  is rewritable but currently requires that the previous record
medium. Typically, in large capacity mag-   recordings be erased before new
data is recorded netic storage disks, such a control record is often  in
any given data storing area. called a home address record as set forth in
the      Therefore, to update a data record recorded on Bohl, INTRODUCTION
TO IBM DIRECT ACCESS            a magnetooptic medium requires a first scan
of the STORAGE DEVICES, published by Science Re-  25  record area for
erasing the previously recorded search Associates, Inc., copyright 1981,
(pages 73  data, a second scan over the record area to record and 74). Such
initialisation and surface analysis  the updated version of the data and
when write or results in identification of the location of media  record
verification is required or desired a third defects. Then the locations and
extents of such    scan for reading the just recorded updated data. media
defects are recorded in the home address  30  For magnetooptic disk media,
a complete rotation area. This arrangement allows a recorder to skip   of
the disk is required between the erase scan and over the identified
defects. Such arrangements, im-  the write scan resulting in a relatively
low perfor- prove the yield of magnetic media and, therefore,  mance
magnetooptic recorder. While a separate greatly reduce the cost.
erase head and a separate write head could be Another example of magnetic
disk initialisation   35  provided on two different actuators, the
attendant is the formatting of the so-called flexible diskettes  cost could
make magnetooptic recorders non-com- used on today's personal computers.
Such disket-   petitive. Accordingly, it is desired to provide better tes
are often referred to as being "soft sectored".  control procedures for
using magnetooptic media in To enable the personal computer to record and
information-bearing signal recorders. Such erase- read data on and from
such diskettes, a format  40  before-record requirements also presently
exist in operation by the personal computer does a surface  the so-called
phase-change optical disks wherein analysis for identifying unrecordable
areas on the  the recording is represented by the material diskette and for
recording control indica on the   phases of amorphous and crystalline
states. diskette for enabling the recording operations. The   Optical
media, including magnetooptic and use of a VTOC for a diskette drive is
disclosed in  45  phase change, are currently subject to many media IBM TDB
Vol. 26 No. 5 October 1983, p 2400-        defects. Since the recording
density per unit area 2402, Chou et al, "Circular Scan of VTOC Usage    is
much higher, the sensitivity of the recording to Map".
small defects becomes pronounced. Accordingly, A problem arises for a user
or customer of     such optical media even though being of a high such
media when the media data storing capacity  50  quality, exhibits a high
error rate because of the becomes extremely large, such as in the gigabyte
small areas of the media surface employed for range. Then the time required
for such soft sector-  recording information-bearing signals. ing and
initialisation may become oppressive. Ac-     When such media are employed
for use in a cordingly, a better solution to the present day soft  data
processing environment, a most efficient use sectoring and media
initialisation is desired.  55  of the media is provided by the so-called
"count The above referred to magnetic disk media      key data" format as
described in Bohl supra, on which can be overwritten without first erasing
the  page 27 and pages 73-75. Another format com- previous contents. In
some magnetic media, such    monly used in recording information-bearing
sig- 3    



3                 EP 0 328 240 B1                    4 nals is the fixed
block architecture format which      In embodiments of the invention
disclosed arbitrarily divides the disk surface into addressable
hereinafter, a record medium having a multiplicity areas containing a fixed
number of recorded sig-   of addressable record tracks is received
unformat- nals such as 2K, 4K bytes per addressable area.     ted and not
surface analysed (unprocessed, herein Such formatting requires
identification of all of the   5   termed "new") in a user environment.
Each of the fixed bytes areas. The fixed block architecture is  new record
tracks has an index for indicating its referred to and described on pages
27-28, 82-84    beginning point. In the user environment, a first and 125
and 126 of the Bohl book supra. Such       initialisation of the record
medium for signal record- fixed block architecture is often found on lower
ing includes the steps of surface analysing a se- performing data
processing environments, such as   io  lected subset consisting of a
predetermined num- in the personal computer environment.              ber
of the new record tracks with the predeter- A significant difference
between the CKD and    mined number being substantially less than the the
fixed block architecture is that the CKD format  total number of tracks on
the record medium. The uses only an index mark for each of the record
detected surface defects are indicated and iden- tracks on a disk plus a
home address area and    15  tified by location and extent. The surface
analysed count fields as referred to above. The record size  tracks are
then formatted. In such formatting, the is variable such that the data
records are recorded  indication is recorded in a so-called home address as
units of contiguous signals not dissected and   area of each of the surface
analysed tracks which distributed into a group of fixed block-size sectors.
includes recording indications of the track positions Further, when
recording a large number of small  20  and extent of the surface defects.
Such formatted records in CKD, a relatively large number of control  record
tracks can now receive and store data. signals are associated with such
small records; still  A volume table of contents (VTOC) recorded in all of
the data storage space can be used for the  one or more of the record
tracks includes iden- data and the control records rather than leaving
tification of which tracks of disk 30 are in the unrecorded areas as found
in fixed block architec-  25  surface analysed and formatted sets; which
tracks ture. Accordingly, means are desired for effectively  are yet
unformatted and not surface analysed. using the CKD format on optical disks
in an effi-  When a record medium is hard and sectored, the cient and low
cost manner. Such efficient use may  individual addressable sectors can be
demarked require the interactivity between a control unit and  with
alternate sectors being assigned to receive the a recorder and in some
circumstances, interactive   30  data. operation between a host processor,
a control unit     As the record medium is used, the VTOC is and a
recorder.                                    updated for indicating which
of the tracks in the set According to the present invention, there is
are allocated for data storage and which are free provided a magnetic
and/or optical disk data stor-  and available for allocation. When the
record me- age system for storing and retrieving data with  35  dium is not
being used for recording signals there- respect to a disk having a
multiplicity of addres-  on or reading signals therefrom, additional ones
of sable rewritable data storage tracks, the system   the new tracks are
surface analysed "in-line" and including means for formatting portions of
the disk  identified in VTOC as being available for format- nd for reading
and writing data to and from for-  ting. Once formatted, such tracks are
available for matted storage tracks under the control of a local  40  data
recording. This in-line surface analysis and or remote processor, the
system being arranged to  formatting is repeated until all of the record
tracks maintain a volume table of contents VTOC re-       in the record
medium have been surface analysed corded on the medium for indicating the
status and  and formatted. The term "in-line" means that me- the data
contents of the medium, characterised in  dia formatting and surface
analysis is automatically that said volume table of contents VTOC further
45  interleaved between day-to-day data processing includes an indication
of which formatted storage  operations. tracks are allocated for data
storage, of which for-   When a record medium  requires erasure of matted
storage tracks are unallocated for data stor-  previously recorded data
before new data is re- age,
corded, the VTOC includes indications of which and of potential storage
areas of the disk are  50  tracks are unallocated and have been erased,
i.e., unformatted and are therefore unavailable for data  ready to receive
data, and which tracks are unal- storage, said unformatted areas being
indicated in  located but not yet erased. When the record me- the VTOC,
dium is not being used for recording data or for and the system  includes
means to progres-     reading data, then the unallocated, not-yet-erased
sively format said unformatted areas of the disk if  55  tracks are erased
"in-line" for making them more the recording medium is not otherwise being
used   readily available for data recording. In a specific for reading or
writing.                            aspect of the invention, whenever the
record me- dium has used but unallocated tracks that are not 4    



5                 EP 0 328 240 B1                    6 yet erased, all
erasure procedures are completed   ical address referred to above, can be a
directory before additional ones of the new record tracks are  which allows
indirect addressing from a logical surface analysed and then formatted.
address base to the physical address base or other A host processor
employing the record me-       form of indication. A second VTOC area 15
iden- dium for data storage can determine that a sequen-   5   tifies the
physical addresses of the free and erased tial data set is being recorded
and that the record-   record tracks of disk 30. Such free and erased ing
can be applied to any of the unallocated and   record tracks are
unallocated for data storage but erased record tracks rather than to the
record     have been erased, as will become apparent, and tracks previously
storing such a sequential data   therefore, are ready to receive data
signals for set. This procedure eliminates the erasure step to  10
recording. A third VTOC section 16 identifies the be interleaved between
the request for recording   free (unallocated) tracks that are not yet
erased. and the actual recording.                          Such free tracks
are identified by the physical The present invention will be described
further  addresses are those that were previously recorded by way of
example with reference to embodiments    into and have been deallocated
from storing data. thereof as illustrated in the accompanying drawings   15
Therefore the free, not erased tracks are available in which:
for allocation but are not yet ready to receive Fig. 1 diagrammatically
illustrates a record me-  recorded information in those disks 30 that
require dium;                                            erasure of
previously-recorded data before new Fig. 2 is a block diagram showing a
recorder of  data can be recorded. When a disk 30 has the the magnetooptic
type which employs such a   20  capability of overwriting recorded data, it
is this record medium;                                    third VTOC
section 16 that may be dispensed with. Fig. 3 is a simplified block diagram
of a host   A fourth VTOC area 17 identifies the radially-out- processor
and control unit connected to such a   ermost ones of the new non-analysed
plus the recorder;                                        surface-analysed
but unformatted record tracks. Fig. 4 is a machine operations chart of a
host  25  The formatted record tracks have a.home address processor
connected to the control unit of Fig. 3  (HA) record recorded therein (as
later described) showing the space management machine oper-       whereas
the unformatted tracks have been surface ations used; and
analysed but have no HA record recorded therein. Fig. 5 is a simplified
machine operations chart  The new tracks have not yet been surface an- for
the host processor for enabling certain re-  30  alysed. cording
operations.                                 The shaded area of HA 12
represents a radially Referring now more particularly to the drawing,
outward and abbreviated set of record tracks ini- like numerals indicate
like parts and structural fea-  tially formatted for receiving data signals
for stor- tures in the various figures. As usual, magnetooptic  age and
thus are identified in first VTOC section disk 30 has a volume table of
contents (VTOC) 10   35  14. The fourth VTOC area 17 identifies the radial
recorded in the radially-outermost track of the disk.  track of disk 30
which is a next radially inward The addresses of the concentric tracks (not
shown)  track that has not been surface analysed plus the in data area 13
on disk 30 begin with the lowest   radially-outermost track that was
surface analysed address track as the radially-outermost track and  but not
yet formatted. increasing addresses to the radially-innermost  40     The
space management of disk 30 can be track. Disk 30 has a single
radially-extending index  performed in a host processor attaching a data
line 11 which signifies the beginning of the record-  storage system having
a later-described program- ing area for each of the record tracks of disk
30. In  mable control unit. Such programmed space man- the initial area of
each record track is a home    agement needs information stored in VTOC 10
for address area HA 12. Such record tracks can be   45  the space
management functions. The space man- concentric separate tracks,
convolutions of a single  agement functions may be performed in the prog-
spiral track, logical tracks superposed on other   rammable control unit
instead of a host processor. physical indicia, etc.
In either event, the machine operations perform the VTOC 10 includes, in
the general case, four     same functions as later set forth. The term
"space recorded areas identifying space utilisation of re-  50
management" means either a host processor or cording area 13, in addition
to other information. It   control unit executing computer programs for
per- is to be appreciated that one such space utilisation  forming the
machine operations shown in Figs. 4 area can be omitted if the nature of
the recording  and 5. As shown in Fig. 3, the host processor has system
permits as will be commented upon          the space management.
hereinafter. In a first VTOC area 14, all of the  55   For improving
performance, a portion of VTOC record tracks of disk 30 that are currently
allocated  10 is inserted into later-described program space for storing
information-bearing or data signals are  status table (SST) 20. SST 20 is
created from identified. Such identification can be by the phys-  VTOC 10
each time the recorder is powered on, 5    



7                 EP 0 328 240 B1                    8 reset, etc. SST 20
has four portions corresponding  microprocessor 40 via bidirectional bus
43. Includ- to the four VTOC areas 14-17. "Allocated" field 21  ed in
microprocessor 40 is a program or microcode of SST 20 contains a subset of
VTOC area 14. The   storing, read-only memory (ROM) 41 and a data ST 20
stored "allocated" information can be the    and control signal storing
random access memory total number of allocated tracks of disk 30, and   5
(RAM) 42. identification of a predetermined set of the last   :  The optics
of the recorder include an objective referenced ones of the allocated set
of tracks. For  or focussing lens 45 mounted for focussing and example, up
to fifty of the allocated tracks can be  tracking motions on head arm 33 by
fine actuator identified in field 21. Similarly, the free and erased  46.
This actuator includes mechanisms for moving tracks Identified in second
VTOC portion 15 have   10  lens 45 toward and away from disk 30 for
focussing some of their addresses recorded in field 22 of    and track
following and seeking movements radially SST 20. For example, the twenty
radially-outermost  of disk 30; for example, for changing tracks within a
ones of the free and erased tracks may be iden-    range of 100 tracks so
that carriage 34 need not be tified in SST 20. In an alternate arrangement,
the  actuated each time a track adjacent to a track free and erased tracks
that have an address affinity  15  currently being accessed is to be
accessed. Nu- to the allocated tracks identified in field 21 can be  meral
47 denotes the two-way light path between listed in field 22. Such affinity
is the radial proxim-  lens 45 and disk 30. ity of the free and erased
tracks to the allocated     In magnetooptic recording, magnet 48 provides
tracks last referenced. A third SST 20 field 23    a weak magnetic steering
field for directing the identifies the free but not erased tracks. Such
free   20  remnant magnetisation direction of a small spot on but not
erased tracks are preferably a radially-  disk 30 illuminated by laser
light from lens 45. The outermost set of the free and erased tracks for
laser light spot heats the illuminate spot on the enabling a quick
examination of which tracks can   record disk to a temperature above the
Curie point be next erased. Also the total number of free and  of the
magnetooptic layer (not shown, but can be erased tracks and the free but
not erased tracks   25  an alloy of rare earth and transitional metals as
are respectively stored in fields 22 and 23. Such  taught by Chaudhari et
al., US patent 3,949,387). numbers can also be used for analysis of the
disk  This heating enables magnet 48 to direct the rem- 30 usage. Finally,
in SST 20, field 24 contains the  nant magnetisation to a desired direction
of mag- physical addresses of the radially-outermost one of  netisation as
the spot cools below the Curie point the raw, not surface-analysed and
unformatted   30  temperature. Magnet 48 is shown as oriented in the tracks
of disk 30. Such information may be used     "write" direction, i.e.,
binary ones are recorded on for load balancing and other purposes as may be
disk 30 normally are "north pole remnant mag- devised in a data processing
environment.          netisation". To erase disk 30, magnet 48 rotates so
An optical recorder which can be so managed     the south pole is adjacent
disk 30. Magnet 48 is shown in Fig. 2. A magnetooptic record disk 30   35
control 49 which is mechanically coupled to rotat- is mounted for rotation
on spindle 31 by motor 32.  able magnet 48 as indicated by dashed line 50,
Optical head-carrying arm 33 on head arm car-      controls the write and
erase directions. Micropro- riage, generally denoted by numeral 34, moves
cessor 40 supplies control signals over line 51 to radially of disk 30. A
frame 35 of the recorder    control 49 for effecting reversal of the
recording suitably mounts carriage 34 for reciprocating radial  40
direction. motions. The radial motions of carriage 34 enable     It is
necessary to control the radial position of access to anyone of a plurality
of concentric tracks  the beam following path 47 such that a track or or
circumvolutions of a spiral track for recording  circumvolution is
faithfully followed and that a de- and recovering data on and from the
disk. Linear   sired track or circumvolution is quickly and pre- actuator
36 suitably mounted on frame 35, radially  45  cisely accessed. To this
end, focus and tracking moves carriage 34 for enabling the track accessing.
circuits 54 control both the coarse actuator 36 and The recorder is
suitably attached to one or more   fine actuator 46. The positioning of
carriage 34 by host processors 37, such host processors may be    actuator
36 is precisely controlled by control sig- control units, personal
computers, large system    nals supplied by circuits 54 over line 55 to
actuator computers, communication systems, image pro-  50  36.
Additionally, the actuator control by circuits 54 cess processors, and the
like. Attaching circuits 38  is exercised by control signals travelling
over lines provide the logical and electrical connections be-  57 and 58
respectively for focus and fine tracking tween the optical recorder and the
attaching host  and switching actions of fine actuator 46. Various
processors 37.                                     servo positioning
controls may be successfully em- Microprocessor 40 controls the recorder
includ-  55  ployed. ing the attachment to the host processor 37. Con-
The focus and tracking position sensing is trol data, status data, commands
and the like are  achieved by analysing laser light reflected from
exchanged between attaching circuits 38 and        disk 30 over path 47,
thence through lens 45, 6    



9                  EP 0 328 240 B1                    10 through one-half
mirror 60 and to be reflected by       Reading or recovering data from disk
30 for half-mirror 61 to a so-called "quad detector" 62.    transmission to
a host processor requires optical The symbol 62 also includes optics, such
as a        and electrical processing of the laser light beam
hemi-cylindrical lens, for processing a light beam  from the disk 30. That
portion of the reflected light before the beam Impinges on the detector
sur-   5   (which has its linear polarisation from polariser 70 faces. Quad
detector 62 has four photo elements     rotated by disk 30 recording using
the Kerr effect) which respectively supply signals on four lines
travels along the two-way light path 47, through collectively denominated
by numeral 63 to focus      lens 45 and half-mirrors 60 and 61 to the data
and tracking circuits 54. Aligning one axis of the   detection portion 79
of the head arm 33 optics. detector 62 with a track centre line, track
following   10   Half-mirror or beam splitter 80 divides the reflected
operations are enabled. Focussing operations are     beam into two equal
Intensity beams both having achieved by comparing the light intensities de-
the same reflected rotated linear polarlsation. The tected by the four
photo elements in the quad        half-mirror 80 reflected light travels
through a first detector 62. Focus and tracking circuits 54 analyse
polariser 81 which is set to pass only that reflected the signals on lines
63 to control both focus and   15  light which was rotated when the remnant
mag- tracking.                                            netisation on
disk 30 spot being accessed has a Recording or writing data onto disk 30 is
next   "north" or binary one indication. This passed light described. It is
assumed that magnet 48 is rotated   impinges on photo cell 82 for supplying
a suitable to the desired position for recording data. Micropro-
indicating signal to differential amplifier 85. When cessor 40 supplies a
control signal over line 65 to  20  the reflected light was rotated by a
"south" or laser control 66 for indicating that a recording op-  erased
pole direction remnant magnetisation, then eration is to ensue. This means
that laser 67 is     polariser 81 passes no or very little light resulting
energised by control 66 to emit a high-intensity,   in no active signal
being supplied by photocell 82. laser light beam for recording; in
contrast, for read-  The opposite operation occurs by polariser 83 ing,
laser 67 emits a reduced-intensity beam that  25   which passes only
"south" rotated laser light beam does not heat the illuminated spot on disk
30        to photo cell 84. Photocell 84 supplies its signal above the
Curie point. Control 66 supplies its con-  indicating its received laser
light to the second trol signal over line 68 to laser 67 and receives a
input of differential amplifier 85. The amplifier 85 feedback signal over
line 69 indicating the laser 67  supplies the resulting difference signal
(data repre- emitted light intensity. Control 68 adjusts the light  30
senting) to data circuits 75 for detection. The de- intensity to the
desired value. Laser 67, a semicon-  tected signals include not only data
that is re- ductor laser such as a gallium arsenide diode laser,  corded
but also all of the so-called ancillary signals can be modulated by data
signals so the emitted      as well. The term "data" as used herein is
intended light beam represents the data to be recorded by     to include
any and all information-bearing signals, such intensity modulation. In this
regard, data cir-  35   preferably of the digital or discrete value type.
cuits 75 (later described) supply data indicating       The rotational
position and rotational speed of signals over line 78 to laser 67 for
effecting such  spindle 31 is sensed by a suitable tachometer or
modulation. This modulated light beam  passes        emitter sensor 90.
Sensor 90, preferably of the through polariser 70 (linearly polarising the
beam),  optical sensing type that senses dark and light thence through
collimating lens 71 toward half mir-  40  spots on a tachometer wheel (not
shown) of spindle ror 60 in light path 72 for being reflected toward   31,
supplies the "tach" signals (digital signals) to disk 30 through lens 45.
Data circuits 75 are pre-   RPS circuit 91 which detects the rotational
position pared for recording the microprocessor 40 supplied   of spindle 31
and supplies rotational information- suitable control signals over line 76.
Microproces-  bearing signals to microprocessor 40. Microproces- sor 40 in
preparing circuits 75 is responding to  45  sor 40 employs such rotational
signals for control- commands for recording received from a host pro-
ling access to data storing segments on disk 30 as cessor 37 via attaching
circuits 38. Once data      is widely practiced in the magnetic data
storing circuits 75 are prepared, data is transferred directly  disks.
Additionally, the sensor 90 signals also travel between host processor 37
data circuits 75 through   to spindle speed control circuits 93 for
controlling attaching circuits 38. Data circuits 75 also has   50   motor
32 to rotate spindle 31 at a constant rota- ancillary circuits (not shown)
relating to disk 30   tional speed. Control 93 may include a crystal
ancillary or format signals, error detection and cor-  controlled
oscillator for controlling motor 32 speed, rection signals and the like.
Circuits 75, during a  as is well known. Microprocessor 40 supplies con-
read or recovery action, strip the ancillary signals  trol signals over
line 94 to control 93 in the usual from the readback signals before
supplying cor-  55   manner. rected data signals over bus 77 to host
processor       As seen in Fig. 3, host processor 37 is oper- 37 via
attachment 38.                                atively connected to a
programmable control unit 101 by interface 102. Such interface 102 can be 7



11                EP 0 328 240 B1                    12 the interface
between IBM constructed host pro-    greater proportion of programs
executed by host cessors and the programmable control units used
processor 37. Dispatcher 110 sets a priority of in connection with such IBM
host processors. In    execution of the various programs. A low level
addition, dash line 103 indicates special signals   priority of the
programs is assigned to implement supplied by host processor 37 to
programmable   5   one portion of the invention when the magnetooptic
control unit 101 in connection with space manage-  DASD 105 is not
recording data on disk 30 nor mentof magnetooptic DASD 105. Such special
reading data from disk 30 (i.e., not reserved or signals travel over the
interface 102 but are sepa-  allocated). Logic path 112 represents the
entry into rately illustrated in Fig. 3 for more clearly illustrat-  such
space management machine operations. ing the invention. Such signals
constitute an indica-  10  The first machine operation indicated by nu-
tion that record areas that contain recorded signals  meral 113 (free NE)
examines SST 20 field 23 for can be freed, i.e., moved from the allocated
status  determining whether or not there are any tracks of to the free but
not erased status. Further such    disk 30 that had been deallocated but
not yet indications may include that the data being re-    erased (free but
not erased -- NE). Assuming there corded by host processor 37 is of the
sequential  is  are some free NE tracks, SST 20 has a non-zero type. Rather
than recording such sequential data   value in field 23. Space management
37A identifies over previously recorded tracks, space manage-     a one of
such tracks which may have a physical ment 37A can access from SST 20 the
free and       address stored in field 23 or may require access to erased
tracks for allocation to the sequential data  VTOC 10 third portion 16 for
identifying one free to be next received from host processor 37. Such   20
NE track. Control unit 101 then actuates the mag- allocation eliminates the
need for erasing previous-  netooptic DASD 105 to move fine actuator 46 to
ly recorded tracks before the recording occurs.    the addressed track.
Then control unit 101, in re- Such time saving helps the efficiency of host
pro-  sponse to space management 37A, commands cessor 37.
magnetooptic DASD 105 to erase that track as In a similar manner, control
unit 101 controls  25  indicated at step 114. Upon successful completion
the operation of magnetooptic DASD 105 as in-      of the track erasure,
which uses normal data re- dicated by the interconnection 106. Such
controls  cording techniques, space management 37A at may be the control
used in connection with the    step 115 moves the identification of the
just-erased apparatus described by Bohl supra. Control unit   track from
the third VTOC portion 16 to the second 101 passes the space management
control as in-  30  VTOC portion 15 and updates SST 20 by indicating
dicated by dash line 107. As set forth in more    in field 22 that the
just-erased track is now ready to detail in Fig. 4, such controls are
particularly di-  receive data to be recorded; the identification of rected
toward VTOC 10 and the surface analysis     any such track is deleted from
the free NE field 23. controls for initialising the disk 30 of magnetooptic
At a minimum, the number of free tracks but not DASD 105. Host processor 37
has an internal  35  erased indicated in numeral 23 are reduced by one
memory diagrammatically represented by SST 20      where the number of free
and the number of which contains the various fields described with   erased
tracks indicated in field 22 is increased by respect to Fig. 1 and which
are used by space      one. Similar counts are also stored in VTOC 10.
management 37A.                                  Upon completion of machine
operations step 115, Fig. 4 illustrates In flowchart form the machine   40
the dispatcher 110 becomes active. operations effected in the Fig.
3-illustrated appara-  Under certain circumstances, the erasure of the tus
by space management 37A that are pertinent to  track in step 114 may be a
free-standing operation, an understanding of the present invention. The
host  i.e., control unit 101 may be disconnected during processor 37
executes programs for effecting the   erasure from magnetooptic DASD and,
therefore, machine operations represented in Fig. 4. One of  45   may
return to a dispatcher 110 leaving an elec- the programs is dispatcher 110
which coordinates  tronic note to itself to return to the machine opera-
operation of all space management program execu-   tion 115 when the track
erasure is completed. tion and has a design that is well known in the
While it is preferred that a single track be erased at programming art.
Activation of space management    a time to enable a maximum number of
requested 37A is in accordance with known programming   50  recording and
readback operations, no limitation to techniques. Arrows 111 represent
program calls to  a single track erasure is intended. various programs to
be executed for performing        In one embodiment, when space management
machine operations not pertinent to an understand-  finds no free, not-
erased tracks at decision step ing of the present invention but which are
found in  113, it then proceeds to decision step 116 to a control unit for
a data storage subsystem. As a   55  determine whether or not all of the
record tracks of practical matter, programs for implementing ma-    disk 30
have been formatted. It is to be understood chine operations not pertinent
to an understanding  that steps 113 and 116 may be both independently of
the present invention would most likely be a    activated from dispatcher
110. Space management 8    



13                EP 0 328 240 B1                     14 examines field 24
of SST 20 for determining wheth-  generated in host processor 37. In any
event, al- er or not a track address is recorded therein. If no
locate-deallocate module 128 is constructed and track address is recorded
or a track address having  performs operations as found in present day mem-
a value one greater than the address of the radi-  ory control computers
which allocate and deal- ally-innermost track of disk 30 Is recorded, then
5   locate addressable data storage areas. If allocate space management has
determined that all of the    module 128 during an allocation procedure
being tracks of disk 30 have been formatted. At this point,      performed
finds an unallocated erased addressable space management follows program
path 117 to       track identified either in SST 20 field 22 or in return
path 109 returning to dispatcher 110.       second VTOC portion 15, the
allocation is success- In the event that field 24 contains a physical  10
ful. Such successful allocation results in indicating address of a new
track of disk 30, then one of the  the allocation is complete over line 129
for enabling new tracks is then surfaced analysed and formatted  the host
processor to command recording in the in subroutine 120. In machine
operations step 121,  just allocated data storage area. If the allocate the
track identified in field 24 is the next track to be  procedure was caused
by execution of another formatted and is assigned for the formatting opera-
15  program within host processor 37 sending a re- tion. In step 122, space
management 37A causes     quest over line 127A, then the successful
allocation control unit 101 and magnetooptic DASD 105 to      is indicated
on line 129A to enable that program surface analyse and test the
just-identified new   execution to be continued. track. Such surface
analysis includes detecting and    All deallocations of tracks by module
128 are identifying surface defects for later recording in the   20
successful. Each deallocation includes moving the home address area of the
track being surfaced      identification of the record track or tracks
being analysed. A more detailed description of this op-  deallocated from
the first VTOC portion 14 as an eration is found in Kulakowski et al.,
co-pending  allocated track to third VTOC portion 16 and SST commonly
assigned United States application for    20 which indicates the track is
unallocated but not patent Serial No. 067,762 filed June 29, 1987   25
erased. Space management may not know whether (TU986006). During the
surface analysis, either    or not data in fact had been recorded in the
just magnetooptic DASD 105 or the control unit 101      deallocated track,
however, for purposes of integ- collects the identification of the detected
surface  rity, it is assumed that some data has been re- defects, their
circumferential locations and extents.  corded in the just deallocated
track. All of the Upon completion of such accumulation of detected   30
above-described operations are represented in Fig. defect identifications,
space management 37A       4 by numeral 131. Execution of these operations
moves to step 123 wherein the defects are accu-    completes the
deallocation procedure for enabling mulated in table form ready for
recording in the   dispatcher 110 to select another program for ex- home
address area in the ensuing step 125. As a    ecution. part of step 123,
control unit 101 causes mag-  36     When an allocation attempt fails
because there netooptic DASD 105 to erase the just surface-      are no
addressable data storage tracks identified in analysed track. Following
such erasure, the home   the second VTOC portion 15, the numbers of free
address record HA is written in that track in step  and erased tracks
indicated in field 22 of SST 20 125. Step 124 indicates that other data
processing  and second VTOC portion 15 are zero, then space may be
performed before step 125 effects format-  40   management has to be
performed at the next avail- ting.
able moment for obtaining additional allocatable Upon the successful
completion of track for-    data storage space. matting, field 24 of SST 20
and VTOC 10 are            The failed allocate program path 132 leads to
updated by selecting the next higher track address  decision step 133 to
determine whether or not (the address of the next radially-innermost track)
45  there are any free NE record tracks identified in for recording
respectively in field 24 of SST 20 and  third VTOC portion 16 as also
indicated by a non- in fourth VTOC portion 17. SST 20 and VTOC         zero
number in field 23 of SST 20. When SST field portion 15 are updated to show
availability of each  23 is non-zero, then execution of the machine
additional formatted track. When the radially-inner-  operations of Fig. 4
proceeds to erase tracks in most track is erased, the stored address is for
no   50  step 134 for making those tracks available for al- track, i.e., is
one greater than the highest  ad-  location. Upon the completion of
erasure, the num- dressed track. Upon completion of machine oper-    ber in
field 23 is reduced while the number in field ations step 125, program
execution goes back to    22 is made non-zero; VTOC 10 is updated to
dispatcher 110.                                    reflect the erasure by
moving the indication of the Dispatcher 110 also activates allocate-deal-
55  just erased tracks from third VTOC portion 16 to locate module 128.
Allocate-deallocate module 128  second VTOC portion 15. Following the
successful may also be called by another program module       completion of
erasure, the just- erased tracks then being executed for performing an
allocate request  are allocated in step 135 with space management 9    
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dispatcher 110.                  taken. For an uninitialised disk 30, space
manage- In the event there are no unallocated NE tracks  ment proceeds from
decision step 154 to a series detected at decision step 133, then some
remain-   of steps 155-157. These steps are best understood ing unformatted
tracks on disk 30 are processed.    by referring to the Kulakowski et al.
co-pending At decision step 138 (all FMT), space management   5
application. At step 156, a surface test or analysis examines SST 20 field
24 for determining whether   is made of a predetermined number of radially-
or not there are any remaining unformatted tracks  outermost tracks on disk
30. For example, the first on disk 30. If there are none, all of the tracks
on  100 radially-outermost tracks are surface analysed disk 30 have been
formatted, then space manage-    as described with respect to the steps
120. Upon ment follows path 139 to dispatcher 110, i.e., there  10
completion of the surface analysis, the tracks are is nothing that can be
done to satisfy the allocation  erased and home addresses (HAs) are written
on request at this time -- the disk is fully allocated. On  the respective
tracks during step 155 including the the other hand, at decision step 138,
if there are  outermost track which is to receive VTOC 10. some unformatted
tracks indicated by field 24 of   Then, at step 157, the VTOC 10 is written
in the SST 20 or fourth VTOC portion 17, then at least  15  outermost
track. Upon completion of this disk in- one of the unformatted tracks, and
if more than one  itialisation, space management returns to dispatch- track
has been requested, a plurality of such unfor-  er 110 for enabling host
processor 37 to perform matted tracks are formatted at function step 140.
other machine operations via return path. Function step 140 includes all of
the steps set forth  Fig. 5 illustrates machine operations used when with
respect to formatting in the subroutine 120 and   20  non-sequential data
is being recorded, I.e., those as further described in the co-pending
Kulakowski   situations wherein host processor 37 desires to et al.
application supra. It is to be noted that   maintain the data in the same
track that a previous surface analysis of the tracks may be completed
version of the data was stored. It is to be under- yet the formatting of
the analysed tracks (step 125)  stood that host processor 37 can be
programmed may not have yet been completed. In this later  25  to allow
movement of non-sequential data from instance, only step 125 of subroutine
120 is per-  track to track on disk 30 for avoiding interleaving formed.
an erasure step between a request to write and the Upon completion of
formatting a requisite num-  actual writing or recording operation on disk
30. In ber of unformatted tracks at step 140, space man-  the latter
instance, the directory of the data stored agement proceeds to allocate the
just formatted   30  on disk 30 is logical, i.e., VTOC 10 includes a and
erased tracks at step 135. In a practical im-  directory which converts a
logical number or ad- plementation, the programming used for performing
dress into a physical or track address. Such logical operation step 135 Is
a part of allocate module 128.  addressing is found in present day
diskettes and All of the above description relates to erasing  hard disks
as used with personal computers. In any and formatting tracks on an in-line
basis in which   35  event, assuming all of the above is not desired, host
processor 37 interleaves such erasing oper-   then at path 164 a host
processor 37 issued write ations and formatting operations between
recording  command is to be executed by control unit 101. At and readback
operations. To initialise disk 30 when  decision step 165, space management
determines first placed on magnetooptic DASD 105 or when      whether or
not it is an update write operation. If it is disk 30 is a non-removable
disk when magnetoop-   40  an update operation, i.e., new data is to
replace tic DASD 105 is first varied on to host processor  currently stored
data, then at function step 166, 37, space management initialises a
radial-outer-   control unit 101 is commanded to erase the target most set
of record tracks for enabling recording   area. A channel command retry
signal is sent to and readback operations to ensue. In an alternative  host
processor 37 by control unit 101 upon com- procedure, a factory may perform
the initial format-  45  pletion of step 165. Upon completion of the
erasure ting of the radially-outward tracks in disk 30 as  at step 166, a
DEVICE END signal is sent by described in the Kulakowski et al. co-pending
ap-  control unit 101 to host processor 37 signalling plication supra. In
that event, space management   completion of the erasure. Then the data is
written does not initialise the disk 30 in a user environ-  to disk 30 at
function step 177. Upon completion of ment. Initialisation may also be
instituted by space   so  function step 177, host processor 37 returns to
management causing control unit 101 to sense-the   other program steps (not
shown) not pertinent to an disk 30 for VTOC 10; if there is no VTOC 10
understanding of the present invention. indicates an unformatted disk. Then
initialisation     If on the other hand at decision step 165 space can be
started by space management. In any         management determines that the
data is original event, an initialisation command is sensed at de-  55
data and the write is not an update, then at de- cision step 154. If the
initialisation command had  cision step 170 space management determines
previously been performed for disk 30, as can be   whether or not there are
any free and erased tracks sensed by reading VTOC 10, then no action is
ready for allocation. If not, then a track is erased as 10    
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respect to Fig. 4 and is represented    processor being arranged, when the
disk is not in Fig. 5 by step 169. When a free and erased          being
used for receiving signals to be recorded track (F-E) is found by decision
step 170 or upon      on the disk or for supplying recorded signals
completion of the erasure step 169, space manage-      from the disk, to
erase the deallocated but not ment at step 171 allocates the track to the
write   5  erased tracks, updating the VTOC accordingly, operation. Then
the write operation is actually per-   and to delay formatting additional
tracks until formed at function step 177.                           all of
the deallocated but unerased tracks have While the invention has been
particularly           been erased. shown and described with reference to
preferred embodiments thereof, it will be understood by   10  4. A system
as claimed in claim 3, wherein if a those skilled in the art that various
changes in form  record which is substantially less than the and details
may be made therein without departing      length of one track is to be
updated, such from the scope of the appended claims. In particu-
writing is delayed whilst immediate erasing of lar, the invention may be
applied to hard sectored     the record to be updated is performed, where-
media, fixed block architecture media, updatable  15   as if a record
representing a whole track is media and the like.
presented for storing, the update Is recorded on free tracks and the tracks
storing the prior Claims
version  are deallocated  and  subsequently erased. 1. A magnetic and/or
optical disk data storage   20 system for storing and retrieving data with
re-  5. A system as claimed in claims 2 to 4, further spect to a disk
having a multiplicity of addres-   comprising program means in a control
unit for sable rewritable data storage tracks (13), the     allocating
record tracks for receiving data sig- system including means for formatting
portions     nals, and a dispatcher arranged to give the of the disk and
for reading and writing data to  25  erasure means priority over the
formatting and from formatted storage tracks under the         means.
control of a local or remote processor (40), the system being arranged to
maintain a volume      6. A system as claimed in any preceding claim, table
of contents VTOC (10) recorded on the        wherein the VTOC is recorded
in the radially disk for indicating the status and the data  30 -
outermost storage track. contents of the disk, characterised in that said
volume table of contents VTOC further in-       7. A system as claimed in
any preceding claim, cludes an indication of which formatted storage
wherein each formatted storage track Includes tracks are allocated for data
storage, of which    a single index indicia (11) and a home address
formatted storage tracks are unallocated for  35    record (12) in
immediate juxtaposition to the data storage, and of which potential storage
respective index mark, the home address areas of the disk are unformatted
and are          record containing the rotational locations of therefore
unavailable for data storage, said un-    defects in the respective record
tracks, and formatted areas being indicated in the VTOC,        wherein
unformatted areas contain no home and the system  includes means to pro-
40      address record. gressively format said unformatted areas of the
disk if the disk is not otherwise being used for  8. A system as claimed in
any preceding claim, reading or writing.
wherein formatting progresses radially across the disk, and the VTOC
maintains a record of 2. A system as claimed in claim 1, wherein the   45
the identity of the track at the limit of the disk cannot be overwritten so
that previously      formatted portion of the disk. written storage tracks
must be erased before they can be rewritten, and means are provided   9. A
system as claimed in claim 8, wherein the for erasing deallocated written
storage tracks if  formatting comprises surface analysing tracks the disk
is not otherwise being used for read-  50  and recording the location and
extent of each ing or writing, and the VTOC is updated to also     detected
surface defect on the respective show which deallocated addressable storage
track; and updating the VTOC both as to the tracks have been erased.
allocation of such initialised tracks and as to the new limit of formatted
tracks, at which 3. A system as claimed in claim 2, wherein al-  55
subsequent formatting is to begin. located tracks for which the data stored
there- on is no longer required are deallocated, the VTOC being updated
accordingly, the control    17                EP 0 328 240 B1
18 



described with respect to Fig. 4 and is represented   processor being
arranged, when the disk is not in Fig. 5 by step 169. When a free and
erased         being used for receiving signals to be recorded track (F-E)
is found by decision step 170 or upon     on the disk or for supplying
recorded signals completion of the erasure step 169, space manage-    from
the disk, to erase the deallocated but not ment at step 171 allocates the
track to the write   5  erased tracks, updating the VTOC accordingly,
operation. Then the write operation is actually per-  and to delay
formatting additional tracks until formed at function step 177.
all of the deallocated but unerased tracks have While the invention has
been particularly         been erased. shown and described with reference
to preferred embodiments thereof, it will be understood by   10  4. A
system as claimed in claim 3, wherein if a those skilled in the art that
various changes in form  record which is substantially less than the and
details may be made therein without departing     length of one track Is to
be updated, such from the scope of the appended claims. In particu-
writing is delayed whilst immediate erasing of lar, the invention may be
applied to hard sectored    the record to be updated is performed, where-
media, fixed block architecture media, updatable  15  as if a record
representing a whole track is media and the like.
presented for storing, the update is recorded on free tracks and the tracks
storing the prior Claims
version are deallocated and subsequently erased. 1. A magnetic and/or
optical disk data storage   20 system for storing and retrieving data with
re-  5. A system as claimed in claims 2 to 4, further spect to a disk
having a multiplicity of addres-  comprising program means in a control
unit for sable rewritable data storage tracks (13), the    allocating
record tracks for receiving data sig- system including means for formatting
portions    nals, and a dispatcher arranged to give the of the disk and for
reading and writing data to  25  erasure means priority over the formatting
and from formatted storage tracks under the       means. control of a local
or remote processor (40), the system being arranged to maintain a volume
6. A system as claimed in any preceding claim, table of contents VTOC (10)
recorded on the       wherein the VTOC is recorded in the radially disk for
indicating the status and the data  30   outermost storage track. contents
of the disk, characterised in that said volume table of contents VTOC
further in-      7. A system as claimed in any preceding claim, cludes an
indication of which formatted storage   wherein each formatted storage
track includes tracks are allocated for data storage, of which   a single
index indicia (11) and a home address formatted storage tracks are
unallocated for  35  record (12) in immediate juxtaposition to the data
storage, and of which potential storage      respective index mark, the
home address areas of the disk are unformatted and are         record
containing the rotational locations of therefore unavailable for data
storage, said un-  defects in the respective record tracks, and formatted
areas being indicated in the VTOC,      wherein unformatted areas contain
no home and the system includes means to pro-  40      address record.
gressively format said unformatted areas of the disk if the disk is not
otherwise being used for  8.  A system as claimed in any preceding claim,
reading or writing.                               wherein formatting
progresses radially across the disk, and the VTOC maintains a record of 2.
A system as claimed in claim 1, wherein the   45  the identity of the track
at the limit of the disk cannot be overwritten so that previously
formatted portion of the disk. written storage tracks must be erased before
they can be rewritten, and means are provided  9. A system as claimed in
claim 8, wherein the for erasing deallocated written storage tracks if
formatting comprises surface analysing tracks the disk is not otherwise
being used for read-  50  and recording the location and extent of each ing
or writing, and the VTOC is updated to also   detected surface defect on
the respective show which deallocated addressable storage        track; and
updating the VTOC both as to the tracks have been erased.
allocation of such initialised tracks and as to the new limit of formatted
tracks, at which 3. A system as claimed in claim 2, wherein al-  55
subsequent formatting is to begin. located tracks for which the data stored
there- on is no longer required are deallocated, the VTOC being updated
accordingly, the control    19                EP 0 328 240 B1
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gel6scht wurden. 1. Ein magnetisches und/oder optisches Platten-
datenspeichersystem zum Speichern und Wie-     4. Ein System nach Anspruch
3, bei dem im Fall dergewinnen von Daten auf elner Platte mit   a    einer
Aktuallsierung eines Datensatzes, der zahireichen  adressierbaren  und
wiederbe-       kleiner als die Lange einer Spur !st, der schreibbaren
Datenspeicherspuren (13), wobel      Schrelbvorgang verz6gert wird, wahrend
der das System ein Mittel zur Formatierung von        zu aktuallsierende
Datensatz unverzUglich ge- Tellen der Platte sowle zum Lesen und Schrel-
loscht wird, wahrend Im Fall olner Spelcherung ben von Daten von und auf
die formatierten   10   eines Datensatz, der eine ganze Spur ein-
Speicherspuren unter der Steuerung eines lo-      nimmt, die Aktualisierung
auf frelen Spuren kalen oder Femprozessors (40) hat, und das
aufgezeichnet wird und den Spuren mit der System so angeordnet ist, daB
eine auf der        Vorgangerversion die Zuordnung entzogen Platte
aufgezeichnete Volumeninhaltsstabelle      wird, so daB sie nachfolgend
gel6scht werden. VTOC (10) den Zustand und den Dateninhalt  is auf der
Platte anzeigt, wobei das System da-   5. Ein System nach den Ansprachen 2
und 4, durch gakennzeichnet ist, daB die Volumenin-      das weiterhin ein
Programmittel in elner Stue- haltstabelle VTOC weiterhin anzeigt, welche
reinheit umfait, das Aufzelchnungsspuren zum formatlerten Speicherspuren
fOr die Datenspei-    Empfang von Daten zuordnet, sowie einen Dis- cherung
zugeordnet sind und welche formatier-  20  patcher, der den L6schmitteln
den Vorrang vor ten Speicherspuren nicht far die Datenspeiche-    den
Formatiormitteln gibt. rung zugeordnet sind sowie welche potentiel- len
Speicherbereiche der Platte unformatiert   6. Ein System nach einem der
oben genannten sind und damit far die Datenspeicherung nicht     AnsprOche,
bei dem die VTOC in der radial zur Verfligung stehen, wobei die
unformatier-  26  aluBersten Spur aufgezeichnet wird. ten Bereiche in der
VTOC ausgewiesen wer- den;                                           7. Ein
System nach elnem der oben genannten und das System mit Mitteln
ausgestattet ist,      AnsprUche, bei dem jede formatlerte Speicher- die
die unformatierten Bereiche der Platte for-   spur ein einzelnes
Indexmittel (11) und eonen matieren, wenn die Platte nicht gerade fUr  30
HausadreBsatz (12) gegenlber der entspre- Schreib- oder Lesevorgange
verwendet wird.        chenden Indexmarkierung besitzt, wobei der
HausadreBsatz die Rotationsstellen der Scha- 2. Ein System nach Anspruch 1,
bei dem die            den auf den entsprechenden Aufzeichnungs- Platte
nicht Uberschrieben werden kann, so        spuren verzeichnet, und
unformatierte Berel- daB zuvor beschriebene Speicherspuren ge-  35     che
keinen Hausadrelsatz besitzen. Ioscht werden mUsseni bevor sie Uberschrie-
ben werden konnen, sowie Mittel zum Loschen    8  Ein System nach elnem der
oben genannten von nicht mehr zugeordneten, beschriebenen        Ansprlche,
bei dem die Formatierung radial Speicherspuren, wenn die Platte nicht zum
be-     auf der Platte erfolgt, und die VTOC elnen sen oder Schreiben
verwendet wird, wobei die  40  Datensatz Uber die Identit~t der Spur an der
VTOC aktualisiert wird, um anzuseigen, welche     Grenze des formatierten
Tells der Platte ent- nicht mehr zugeordneten adressierbaren Spei-
halt. cherspuren gel6scht wurden. 9. Ein System nach Anspruch 8, bei dem
die 3. Ein System nach Anspruch 2, bei dem die  45        Formatierung
eine Oberflachenanalyse der zugeordneten Spuren, bei denen die gespei-
Spuren sowie das Aufzeichnen der Stelle und cherten Daten nicht mehr
ben6tigt werden, kei-    des Umfangs jedes festgestellten Oberflachen- ne
Zuordnung mehr erhalten, und die VTOC          schadens auf der
entsprechenden Spur um- entsprechend aktualisiert wird, wobei der Steu-
faBt; sowie die Aktualisierung der VTOC Im erprozessor so angeordnet ist,
daB wenn die  so   Hinblick auf die Zuordnung der so initialisierten Platte
nicht zum Empfang von auf der Platte       Spuren und der neuen Grenze der
formatierten aufzuzeichnenden Signalen oder zur Bereitstel-    Spuren, bei
denen eine nachfolgende Forma- lung von aufgezeichneten Signalen von der
tierung beginnt. Platte verwendet wird, die nicht mehr zugeord- neten,
jedoch nicht gel6schten Spuren ge-  55  Revendlcations l6scht werden, die
VTOC entsprechend aktuali- siert wird und die Formatierung zusatzlicher
1. Systeme de stockage de donnees a disque Spuren verzogert wird, bis alle
nicht mehr zu-    magn~tique et/ou optique pour le stockage et 12    21
EP 0 328 240 B1                   22 la recuperation de donnees par rapport
a un        a jour, une telle ecriture est retard6e pendant 



disque ayant une multiplicit6 de pistes (13)       que l'effagage imm6diat
de I'enregistrement a rdinscriptibles adressables, de stockage de
mettre & jour est effectu6, alors quo si ufn donnees, le systbme comportant
des moyens          enregistrement representant une piste comple- pour
formater des parties du disque et pour   5    te est present6 pour le
stockage, la mise a jour lire ot 6crire des donnees dans et a partir de
est enregistr6e sur des pistes libres et les pistes de stockage formatees
sous contr81e         pistes oO est stockde la version prdcddente d'un
processeur (40) local ou distant, le systb-   sont d~saffect~es et ensulto
effacdes. me dtant configurd pour maintenir une table des matibres de
volume VTOC (10) enregis-  lo  5. Systeme selon les revendications 2 a 4,
corn- tr6e sur le disque pour indiquer l'Mtat at le      prenant en outre
des moyens de programme contenu en donn~es du disque, caract~ris6 en
dans une unitd de commando pour affecter ce que ladite table des matibres
de volume         des pistes d'enregistrement a la reception de VTOC
comporte en outre une indication de           signaux de donnees, et un
r~partiteur conflgure celles des plates de stockage format~es qui  t5
pour donner aux moyens d'effacement la prio- sont affectbes au stockage des
donn6es, de         rit6 par rapport aux moyens de formatage. celles des
pistes de stockage format~es qui ne sont pas affectees au stockage des
donndes et   6. Systbme selon l'une quelconque des revendi- une indication
des zones de stockage poten-        cations precedentes, dans lequel le
VTOC est tielles du disque qui no sont pas format6es et  20  enregistr6
dans la piste de stockage radiale- qui sont de ce fait indisponibles pour
le stoc-    ment la plus externe. kage de donndes, lesditos zones non
forma- tees etant indiqu~es dans le VTOC,              7. Systeme selon
l'une quelconque des revendi- et le systbme comporte des moyens pour
cations pr~c~dentes, dans loquel chaque piste formater progressivement
lesdites zones non   26   de stockage format6e comporte un indlce (11)
formatoes du disque si le disque n'est pas par     & index unique et un
enregistrement d'adresse ailleurs utilise pour l'criture ou la lecture.
piste (12) en juxtaposition lmmediate par rap- port & la marque d'index
respective, I'enregis- 2. Systeme selon la revendicatlon 1, dans lequel
troment d'adresse piste contenant les positions le disque ne pout pas 8tre
ecrase de sorte quo   30  en rotation de d6fauts dans les pistes d'enre-
des plates de stockage prdc~demment derites        gistrement respectives,
et dans lequel les zo- doivent Otre effac6es avant de pouvoir Otre
nes non formatees ne contiennent pas d'enre- ecrites & nouveau, et des
moyens sont fournis      gistrement d'adresse piste. pour effacer les
pistes de stockage ecrites d~saffect6es si le disque n'est pas par ailleurs
35  8. Systbme selon l'une quelconque des revendi- en cours d'utilisation
pour l14criture ou la lectu-  cations pr~cddentes, dans lequel le formatage
re, et le VTOC est mis & jour pour 6galement       progresse radialement
sur le disque, et le indiquer quelles pistes de stockage adressa-
VTOC maintient un enregistrement de l'identit6 bles d6saffect6es ont M
effacees.                  de la piste a la limite de la partie format~e du
40      disque. 3. Systeme selon la revendication 2, dans lequel les pistes
affectoes pour lesquelles l'informa-  9. Systeme selon la revendication 8,
dans loquel tion y stock~e n'est plus ndcessaire sont d6s-     le formatage
comprend l'analyse de surface affect~es, le VTOC etant mis & jour en cons6-
des pistes et l'enregistrement de l position et quence, le processeur de
contr8le 6tant confi-  45  de l'4tendue de chaque d~faut de surface d6-
gur6, lorsque le disque n'est pas en cours         tect6 sur la piste
respective ; et la mise a jour d'utilisation pour la r~ception de signaux A
du VTOC A la fois en ce qui conceme I'affecta- enregistrer sur le disque ou
pour la fourniture    tion de pistes ainsi initialisees et en ce qui de
signaux enregistr~s a partir du disque, pour    concerne la nouvelle limite
de plates forma- effacer les pistes d6saffectees mais non offa-  5o  toes,
& laquelle le formatage subsequent dolt cees, mettre a Jour le VTOC en
consequence,        commencer. et retarder le formatage de plates
additionnel- les jusqu'b ce que toutes les pistes d6saffec- t~es mais non
effac~es aWent 0t4 effacees. 55 4. Systbme selon la revendication 3, dans
lequel si un enregistrement qui est sensiblement plus court que la longueur
d'une plste dolt Stre mis 13    


