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Description

BACKGROUND QF THE INVENTION

n R

™

This invention relates generally to computer disk systems. In particular, it relates to a disk controller thai

is adaptive to differing drives and disk media and to a msthod 1o be used in sald computer disk systerns
connected to a disk controller for accommodating a plurality of types of disk media.

Computer systems very often require large amounts of storage. Magnetic disks very often supply mass
slorage for computer systems. Diskettes, sometimes called floppy disks, are a popular, Iow-cost type of
magnetic disk.

e ©

As with most areas of computer technolagy, there has been a continuing increase in the performance of .

floppy disks for succeeding generations of computers. For floppy disks, increased performance is mostly
measured by increased storage capacity, that is, a larger number of bits of storage on one disk. Increased
disk capacity can generally be accomplished by either increasing the circumferential density or by
increasing the radial density. The circumferential density, that is, the number of bits per inch of track, is
usually limited by the disk media. Improved disk composition allows a greater number of magnetic domains
in the same length of the track. Of course, the disk drive must be capable of reading at the higher bit rate of
the improved disk media. Radial density, that is, the separation between adjacent tracks on the disks, is
more slrongly dependent upon the design of the disk drive and its associated reading heads. In the past,
improvements to the disk system have involved an integrated upgrading of the disk drive, the disk media
and the disk controller with operational parameters, such as rotational speed, optimized for the combination
of the disk drive and the disk media. Although these designs have produced superior disk systems to those
previously available, the improvement has presented a compatibility problem. Disks prepared by a prior
generalion disk system are generally not readable by the newer generation of disk system. The result is the

lack of portability between the different generations of computer systems. The lack of compatibility -

N e

becomes acute when the user has compiled a large stock of software on an older computer system and,.’

wishes lo upgrade his computer or possibly just his disk system. He is then faced with the problem of
converting his expensive software and data from the old format to the new format disk. The problem of
differing disk formats may arise, not from a generational upgrading, but simply from different characteristics
of disk drives from different manufacturers. For purposes of this invention, format will denote not only the
arrangement of data on a disk but also the operational parameters of the drive that need to be selected to
successiully access the disk. Both the disk media and the disk drive affect compatibility.

Of course, a possible solution is for the user fo connect both an old style disk and a new style disk to
his computer. The old style disk can be used for reading the previously generated disk and possibly writing
on disks {o be transported to other users who are still confined to the old style disk system. The newer disk
can be used for its higher performance applications. This duplicative approach to compatibllity has the
obvious drawback of requiring at least two disk drives. Furthermore, in integrated computer systems, such
as are being marketed in the personal computer field, the duplicative approach lacks flexibility. Some
customers may have developed 2 large fbrary of old style disk and would therefore requite both
generations of disk drives. However other customers may prefer the additional capabilities provided by the
new style disks. Furthermore, the needs of a particular customer may change over time, either over a short
term or a long term. While at some time the customer may want the combination of old style and new style
disks, at other times, he may prefer to operate with two new style disks.

Another possible solution to the compatibility problem is to design a disk drive which can be
reconfigured to read different types of disk media. Generally, this would mean that a newer style disk diive
could operate in additional modes to support older style disks.

i

A,
L

A reconfigurable disk system that accepts either differing disk drives or differing disk formats, if a ™
particular disk drive can read and write in different formats, requires some input to the system. it i~

e -

conceivable that external switches can be manually set by the user to Indicate the type of disk drive or thel

type of disk media format. A more sophisticated, though similar approach, is for these controis o be set by -

the software. However, in either case, the disk user must keep track of the disk drive and the format of the
particular disk currently being used. As a result, the adaptive feature of the disk system is not transparent to
the user.

European patent application A-0110050 describes a device for adapting the read/write head of a disk

drive fo the recording track densities of the disks which may be read or written using the head. The
adaptation is mads in response to signals provided by medium discrimination means which detect specfﬂc :," '

shapes such as notches or holes provided in the disk to represent the track densities.
Patent Abstracts of Japan Vol. 6, No. 84, page 117 shows the use of a device cods to enable a
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cornputer system to automatically recognize the type of device which is connected to each input/output
channei.

SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to provide a disk system that is adaptive o differing disk
drives.

It Is a further object of this invention to provide a disk system that is adaptive to differing disk media.

it is yet a further object of this invention to provide a disk system that is dynamically adaptive.

Yet ancther object of this invention is to provide a disk system whose adaptive functions are transparent
to the applications program and to the user.

The apparatus according to the subject invention is to be used in a computer system having a device
attachment port to which any one of a plurality of different types of disk drive devices is altached. at least
one of said disk drive being operable with anyone of a plurality of different types of removable disks, sald
apparatus being used for determining in an automatic and dynamic manner the type of disk drive device
presently atiached to sald port and the type of disk in said drive device. It comprises :

- determining means for when activated determining the type of disk drive device presently attached
and the type of disk presently in said drive device .

- status indicating means for indicating if said disk has been removed since the last time said
determining means was activated ;

- activating means for activating said determining means upon initiafization of the system and when said
status indicating means indicates that said disk has been removed, whereby the delermining means,
when activated upon initialization of the system attempt to move a head of said drive to a track
inaccessible by at least one of said plurality of different types of disk drives to determine the type of
drive presently attached to said port and when activated by the status indicating means indicating that
the disk has been removed, determines the type of disk by attempting lo access said disk at a
pluraiity of recording formats.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an illustration of a floppy disk.

Fig. 2 is a table of the various combinations of disk drives and disk media that can be determined by
the invention.

Fig. 3 is an illustration of the program and hardware hierarchy of a computer system using disks. e

Fig. 4 is a schematic diagram of a proposed computer system. e

Fig. 5 is a schematic diagram of a disk controfier usable with this invention.

Fig. 6 is an illustration of the format of the state machine used by this invention.

Fig. 7 Is a flow diagram illustrating a first method for determining two types of disk drive and disk
media. '

Fig. 8 contains a flow diagram illustrating a second method for determining the lype of disk drive.

Fig. 9 contains a flow diagram illustrating a third method for determining the types of disk drive and
disk media.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The general format of a floppy disk 10 is illustrated in Figure 1. The diameter of the outer circum-
ference 12 provides a common designation for the disk 10. Two commonly sized disks are 8" disks and .5+
1/4* disks. A sprocket hole 14 fits a spindle of a disk drive. Recording is performed on circumferential
tracks located in an active area 16 of the disk 10. The outermost track 18 is calied the home track and the
disk drives are usually constructed such that the read head can travel onty between the home track 18 and
an innermost track 20.

A particular format will now be described for a double sided disk (DSD). DSD is a non-generic term and
there are double sided disks which do not conform to the DSD format. A DSD disk can accommodate 360K
bytes of formatted data on the two sides of the disk. There are 40 tracks and they are spaced at 48 tracks
per inch. The disk spins at 300 rpm and data is recorded at 250K bits per second {Kbps). The difference
between these parameters and the total disk capacity is explained by the necessity for using part of the
disk for disk formatting information. The format for DSD is the MFM (modified frequency modulation} format
applied to a 5-1/4" disk. The MFM format is detailed in the 1982 catalogue of NEC Electronics U.S.A., Inc.
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available from that corporation at Natick, Massachusetts. The description is presented at pages 470-472.
The DSD format was used for the diskette drive adaplor incorporated into the Personal Computer XT of the
1BM Computer and its use is described in "Personal Computer XT Hardware Reference Library: Technical
Reference”, April 1983 editicn, available from the IBM Corporation at Boca Raton, Florida,

Another disk format is the HC (high capacity) format, again a non-generic term. The HC format is the
MFM format applied to an 8" disk that has been scaled down to a 5-1/4" disk. An HC disk can
accommaodate 1.2M bytes of formatted data on the two sides of the disk. There are 80 tracks and they are
spaced at 96 tracks per inch. Accordingly, the active area 16 of the HC disk is aqual to that of the DSD disk
but the HC disk has twice the radial track density. The HC disk spins at 360 rpm and data is recorded at
500K bits per second. Once again, the difference betwsen these parameters and the total disk capacity is
axplained by the required disk formatting information.

A diskelle syslem has been proposed which can accept two diskette drives. The two drives may be any

i
R -1

combination of 5D drives and HC drives, depending upon the needs of the user. The characteristics of the .

disk drives and of the media which they wiil accept Is illustrated in Figure 2. The DSD drive will accept only
DSD formatted disk and is represented by the diskette drive of the PG XT. Ths HC disk drive is a new drive
that is specifically designed to accept HC formatted diskettes. However, the HC drive has been designed so
that it, at a minimum, can read bath HC and DSD disks. The HC drive thus provides upward compatibility
because it accepts disks generated by the prior generation of DSD disk drives. This upward compatibility is
particularly important in the proposed system when the user decides not to buy the DSD disk drive but
may. on occasion, wish 1o use a DSD disk.

Because of the differing spin rates in the DSD format and the HC format, the HC drive reads data from
a DSD disk at 300K bils per second. As previously mentioned, the track density on a DSD disk is one-haif
the track density of the HC disk. The read/write head on the disk drives are positioned by stepping motors
which advance or relreat one slep between adjacent tracks. That is, they single slep between adjacent

tracks when they are reading their like formatted disks. However, when a HC drive is accessing a BSD disk, . -

the HC drive must double step between adjacent DSD tracks.
interfacing the proposed diskette system to the computer presents several problems. First of all, the
user's selection of BSD and HC disk drives is not a priori known by the operating system or the disk

controller. 1t is of course possible that addilional toggles are provided on the disk controlier to indicate the -

type of disk or. alternatively, the user may initialize the operating system to configure it for the particular
combinalion of disk drives actually being used. Howsaver, it is much more desirable if the disk controller can
somehow interrogate the attached disk drive to determine its type. It is further desirable if this determination
can be made without the use of additional hardware.

A sscond problern arises when a HC disk drive is being used. Even after the drive typs has been

determined, the user may alternately be inserting into the HC drive either a DSD disk or an HC disk. Once .-

again, the user could possibly provide the media identification by use of toggles or software input. However,
because of the frequent changes of the disk media into a disk drive, a user determination of the disk media
presents an even greater distraclion to the user than does the drive determination. Once again, it is highly
preferable that the media determination be performed automatically without the use of additional hardware.
In Figure 3 is illustrated the different operational levels associated with the computerized use of a disk.
An application program is the opsrating program, often written by the user, for performing the desired task.
The disk operating system (DOS)} is a generic operating system that is specifically designed to support the
use of disk. One version of DOS is MS/DOS developed by the Microsoft Corporation. Other types of
operaling systems can be used as fong as they can support the /O supervisor. A basic input/output system
(BIOS) is an /O supervisor for a particular computer and is used for supporiing general classes of ¥O
doevices. A disk controller constitutes the hardware necessary to support one or more disk drives 22-26, For
the proposed system, two of the disks 22-26 may be fioppy disks, in any combination of DSD disk drives

and HC disk drives. The invention requires the novel use of hardware already available in the disk controller -: .
and additional software in BIOS to determine either the characteristics of the disk drives 22-26 or the disk -

media being used in those drives.

The general architecture of a proposed computer sysiem intended to operate in conjunction with this
invention is fliustraled in Figure 4. The processing is performed by an 80286 microprocessor 30 and an
80287 math unit 32 attached to the microprocessor 30 by a local bus 34. Both the 80286 and the 80287 are
available from the Intel Corporation. The microprocessor is driven by a 16MHz clock 36 although the 80286
is operaling at 8MHz. Communication to the rest of the computer system is carried over an /O channel 38
carrying address lines 40, data lines 42 and various status lines 44 such as the interrupt request line. A bus

demultiplexer and command decoder 46 controls the interface between the KO channel 38 and the

microprocessor 30. Two banks of 256 kilobytes of random access memory 48 are connecled to the 80286
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microprocessor 30 through a refresh controller 50. Also attached to the /O channel through a driver/receiver
52 are 64 kilobytes of read only storage 54, a 7 channel direct memory accass unit 56, a 15 level interrupt
controller 58, a keyboard attachment 80, speaker attachment 62 and a timer 64. The previously mentioned
DOS operating system is stored in the RAM 48 and the BIOS supervisor is stored In the read only storage
54. A 14.318MHz clock 66 provides a clocking function for the driver/receiver 52 and for other card's"
aflached to the YO channel. The above components are all included in a large bassboard which fuser
includes 8 1O siots 68 for whatever cards are selected by the user for additional computer capabilitios.
Each of the 8 I/O slots 68 has terminals to each line of the /O channel 38 as well as the clocking signal
from the clock 66.

One of the cards that can be fit into one of the /O slots 68 is called a dual card. A dual card Is a disk
controller and can control up to four disks. Two of the disks can be fixed or hard disk drives and up to two
of the disks can be floppy disks drives, either DSD drives or HC drives. The particular combination of the
drives is determined by the user and the object of this invention is to make the use of any selected
combination as transparent as possible o the user.

The floppy diskette function of the duai card is, for the most part, compatible with the existing IBM
Personal Computer diskette attachment, as is detailed in the previously mentioned Personal Computer
Technical Reference Manual. The exceptions are as follows. The diskette contralier will control only two
{loppy disk drives at most. The digital oufput register 84 is defined according to Table 1.

TABLE 1
BIT 0 =  DRIVE SELECT, O0-DRIVE A
BIT 1 =  RESERVED
BIT 2 =  FLOPPY FUNCTION RESET e
BIT 3 =  ENABLE FLOPPY INTERRUPTS r

AND DMA .

BIT 4 =  DRIVE A MOTOR ENABLE
BIT 5 =  DRIVE B MOTOR ENABLE
BIT 6 =  RESERVED )
BIT 7 =  RESERVED 2

The floppy disk function will support 4 data rates: 125, 250, 300 and 500 kilobits per second. The 125
kilobits per second rate is irrelevant to this invention and will not be further discussed. All the remaining
data rates conform fo the MFM format. The floppy control register is added at YO address 3F7y or, if the
secondary space is used, at 377,. The floppy control register Is a 4 bit write-only register and is defined
according to Table 2,

TABLE 2

BIT 1,0 = FLOPPY DISKETTE, DATA RATE
00-500 Kbps, 01-300 Kbps

10-250 Kbps,11-125 Kbps

e
BIT 2 = RESERVED
BIT 3 = RESERVED

Note that the floppy disk interface signal REDUCED WRITE CURRENT is the logical inverse of Bit 0,
fhat is, when 300 Khobits per second is selected, then REDUCED WRITE CURRENT is active. In additiop;
there is an 8 bit read-only digital input register 82 for diagnostic purposes. The digital input register bits 0-6
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are valid 50 microseconds after the drivethead register is written. Bit 7 is always valid. The digital input
register is defined according to Table 3.

TABLE 3
BIT O = DRIVE SELECT 0
BIT 1 = DRIVE SELECT 1
BIT 2 = HEAD SELECT O
BIT 3 = HEAD SELECT 1
BIT 4 = HEAD SELECT 2
BIT 5 = HEAD SELECT 3/REDUCED
WRITE CURRENT
BIT 6 = WRITE GATE
BIT 7 = DISK CHANGE

The fixed disk register is added at /O address 3FBy or, if the secondary space is used, at 376y, The
fixed disk register is a 4 bit write-only register and is defined by Table 4.

TABLE 4
BIT O = RESERVED
BIT 1 = - ENABLE FIXED DISK INTERRUPTS
BIT 2 = 4+ RESET FIXED DISK FUNCTION
BIT 3 = - REDUCED WRITE CURRENT/

+ HEAD SELECT 3 (PIN 2)

The attachment supports up to 80 tracks and up to 15 sectors per track with each sector comprising
512 bytes. The floppy disk function provides 125 nanosecond write pre-compensation for all data rates.

The floppy disk function is based on a diskette controfler such as the 765A available from NEC or the
8272A available from the Intel Corporation. The 765A is described in detail in the previously cited NEC
catalogue.

The architecture of the circuitry surrounding the floppy disk controller is illustrated in Figure 5, which
shows the interface between the O channel 38 and one of the floppy disk drives 70 whether it be a OSD
drive or HC drive. The same interface supports two drives. This architecture is the same as that described
in the previously cited IBM Personal Computer Technical Reference Manual but a few important facts
should be pointed out. A floppy disk controller 72 such as the 765A, provides the intsliigence for the
interface. Data from the disk drive 70 is read infe the controlfer 72 through a data separator 74 which

synchronizes the read data. This synchronization function is particutarly important for the present invention .

because data may be read at three different data rates, 250, 300 or 500 kilobits per second. A STEP input
76 to the disk drive 70 steps the read/write head across the diskette. However, the read/write head of the
disk drive 70 cannot exceed the bounds of the active area 16 of the diskette. If signals on the STEP inpu!
76 are received by the disk drive 70 that would drive the head beyond the active area 16, these signals are
ignored and the read/write head remalns at the extreme track. There is an output TRACK 0 78 from the disk
drive 70 that indicates that the read/write head is positioned at the home track 18.

There is an additional output line from the disk drive 70 when the disk drive 70 is an HC drive rather
than a DSD drive. A DISK CHANGE output 80 from an HC disk drive 70 goes true, i.e., low, at the output
from the HGC drive 70 when power is turned on and whenever the disk media is removed from the drive 70,

The DISK CHANGE signal remains true until both the following conditions have been met: the diskelte is

6



10

15

20

25

30

35

40

45

S0

&5

EP 0 167 826 B1

present in the disk drive 70 and a pulse on the STEP line 76 has been received by the drive 70 when it is
selected. The presence of the diskette is determined by a media sensor within the disk drive 70. A laich is
set by the removal of the disk media and will only be reset by an AND condition of media presence and a
pulse on the step line 76. The DISK CHANGE iine 80 is connected to an input of a digital input register 82,
which may be interrogated by the system software. Other data, not directly pertinent to this invention, are
also stored in the digital input register 82.

A REDUCED WRITE CURRENT line 84 is also connected to an input of an HC disk drive 70 but not to
a DSD disk drive. The write current for a DSD disk is lower than for an HC disk. Accordingly, the write
current of an HC disk drive is reduced when the HC drive 70 is writing on a DSD disk in order to prevent
bleedthrough between tracks. The signal to the REDUCED WRITE CURRENT line 84 is output from a
floppy control register 86 which can be written into from the IO channel 38 in order to select a data rate for
a disk operalion,

Because the diskette controller must read and write at three different data rates, 250,300 and 500 Kbps,
a clock and timing circuit 88 is provided which is selectabie between these rates based on a floppy disk
data rate signal available on a CLOCK SELECTION line 90 from the floppy control register 86. The
selectable clock rate drives the floppy disk controller 72, the data separator 74 and the rest of the disk
controlter of Fig. 5. Thus the 1O channel 38 must reload the floppy control register 86 when the HC drive 70
changes between DSD and HC disk media or a DSD drive is selected.

BIOS is the /O supervisor for the computer system. The software necessary 0 practice an embodimen:
of this invention is included in BIOS. BIOS maintains in RAM 48 16 bytes of status information for the disk
controller insofar as it interacts with floppy disk drives. Two of these bytes are called the state machines
and one state machine is associated with each of the two possible Hoppy disk drives. The format of each of
the bytes of the machine state is illustrated in Figure 6. The first three bits 0-2 represent a media state.
Only six of these states are defined. State 0 is an unestablished state for a DSD disk media in a DSD disk
drive. By unestablished is meant that the state is tentative and has not yet been positively determined. This
determination will be described later. State 1 represents an unestablished state of a DSD disk media in an
HC disk drive. State 2 represents an unestablished state of an HC disk media in an HC disk drive. States 3-
5 represent established slafes and correspond to the unestablished states having a value of 3 lower. Bit 4 of
the state machine represents whether the madia state of the lower 3 bits has already been established. Bit
§ indicates whether double stepping is required. Double stepping is required for media states 1 and 4 whén
a DSD disk is used in an HC disk drive. Finally, bits 6 and 7 represent the data transfer rate which has been
determined for this drive. For instance, a value of 00 represents a data transfer rate of 500 Kbps, a value of
01 represents 300 Kbps, a value of 10 represents 250 Kbps and a value 11 represents 125 Kbps.

There are at least three methods of using the previously described apparatus to determine the disk
drive type and/or to determine the disk drive media. These methods will be separately described. In the first
method, a single sequence of steps is used to determine both the disk drive type and the disk media. The
flow diagram for this method is illustrated in Fig. 7. In the initialization following machine power-up or on the
occurrence of a soft reset, the state machine for each disk drive is initialized. The default media state 0 is
set and bit 4 is set to indicate that the media state is not established, Thereafter, whenever the diskette
portion of the BIOS is invoked for a particular disk drive, bit 4 of the state machine for that drive can be
tested to see if the media state has been established, that is, whether the media state is state 3, 4 or 5::f
the media state is established, then the diskette access proceeds according to the presently set media
state. If the media state is state 3, then the diskette operation continues to completion, after which BHOS
relinquishes control to the application program. If, however, the media state is state 4 or 5, the DISK
CHANGE status is interrogated to determine if it is active. Only an HC drive, for which states 4 and § are
proper, provides the DISK CHANGE status. If the disk media has not been changed, as indicated by an
inactive DISK CHANGE, then the disk operation is performed and control retums to the application program.
On the other hand, if the disk in the HC drive has been changed, BIOS attempts to reset the DISK CHANGE
signal by issuing sequential seek commands to track 1 and to track 0. If a disk media is currently inserted;
one of these seeks will cause the DISK CHANGE signal to be reset inactive. The media state is reset to the
default state 0 and the new, possibly reset, DISK CHANGE status is returned to the system. The application,
program then reassumes control to determine its preferred course of action. -y

However, if the initial test at bit 4 indicates an unestablished state, that is, state 0, 1 or 2, then the
default media state of state Q is sel. BIOS will then instruct the disk controller to attempt the read with the
current media state. State 0 tentatively identifies a DSD disk in a DSD drive. What track and sector is read
is not important as long as the {rack and sector would be on either type of disk. The reading test also
depends upon the disk being properly initialized, though it is not necessary that a typical disk be filled with

data. Disk initialization is typically done by the manufacturer so that eaven new disks can often be used with
1 1)
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this method. Part of the disk initialization process is to provide a sector identification for each sector on the
disk. The floppy disk controlier 72 requires that it read a valid sector identification for a successiul access
operation, If the floppy disk controller does not recognize a valid identification, the operation is considered a
tailure. BIOS retrieves several bytes of status information from the disk controller following an cperation and
slores it in RAM 48. Error codes in this status information include a bit for an unsuccessful operation. BIOS
can then Interrogate RAM 48 as to whether the operation was successful. If the read was successful, as
indicated by the lack of a failure signal, BIOS changes the media state to state 3, an established state, and

sots bit 4 of the machine state to reflect this establishment. For reasons to be described below, a -

successlul read will have occurred in state 0 only if a DSD disk was read in a DSD drive. Thereafter, the
state for the disk drive is established and operation proceeds for this drive access and for subsequent
accesses to this drive. After the invoked operation is performed, control returns to the application program.
If, however, the disk drive being accessed was an HC drive, the attempted reading would have necessarily
been unsuccessiul. If the HC drive contained a DSD disk media, the reading rate would have been required
to be 300 Kbps rather than the 250 Kbps of state 0. Similarly, a successful read of an HC disk media in an
HC disk drive would have required a data rate of 500 Kbps. In either of these conditions, the attempted
reading would have been unsuccessful.

Upon the detection by BIOS that a state 0 read was unsuccessful, the media state is tentatively
idenlified as state 1, that is, 2 DSD disk media in a HC drive. If the reading attempt is successful, the state
is established as state 4 and bit 4 of the machine state is set to indicate an established state. Thereaiter,
the disk access is completed in the established state and then control returns to the application program.
Subsequent accesses to this drive proceed using state 4.

ity

Fady
e

LI 4

H

ar

However, if the disk media is removed, the DISK CHANGE signal of Figure 5 is read into the digital

input register 82. BIOS wili read the digital input register 82 prior to the next floppy operation and will detect
that the DISK CHANGE signal is active. The sequence of activity on the next floppy operation in the
presence of an aclive DISK CHANGE signal foliows the sequence described above.

If the attempted read in state 1 is for an HC disk media in an HC disk drive, the reading attempt would

have failed because of the differing required data rates. Then BIOS makes ons more attempted read with =

the media state set to state 2, indicating an HC disk media in an HC disk drive. If this read is successful,

the madia state is established at state 5 and bit 4 of the machine state is set to the established state. :

Therealter, the accessing continues for both this access and for succeeding accesses as long as the disk
media is not removed. Control returns to the application program after the first access.

If the third attempted read, that is, the one in state 2, is not successful, then an error is indicated
because all the aliowed possibilities have been exhausted. In this casse, the media state defaults to state 0.
The error may have been caused by a random reading error so that it may be worthwhile for the application

program to again attempt the determination for drive and media illustrated in Figure 7. However, it is also e

possible that the disk media is faulty or is of a format that is not recognizable by the disk drive into which it
is inserted. For example, an HC disk is not readable by a DSD disk drive, Therefore, if a second pass
through the sequence of Figure 7 is allowed, some means shouid be provided to exit the loop after a
raasonable number of attempts to prevent the disk controller from entering an infinite loop.

Instead of attempting a read operation to the disk media, it would also be possible to attempt a write
operation, particularly if the invocation of BIOS was caused by a write request. However, this presents

difficulties if the write request was to an HC disk in an HC drive. In this case, the attempted write in state 1,

i)

indicating a DSD media in an HG drive, would cause double stepping to the requested track. The write head

would stop at a track that is twice the distance from the home track as the requested track in the correct
format. As a result, the wrong track would be attempted to be overwritten in the unsuccessful write attempt.
If the writing were part of a format command, the overwriting would be successful.

The second method will now be described. This method allows the determination of the type of disk
drive that is being used by the system. This method, of itself, is not the present invention but the two

inventions can be advantageously combined in the third method, to be described later. It is to be
remembered that the proposed computer system can support one of two types of disk drives, a DSD drive
and an HC drive. The choice of disk drives is left to the user and either type may be inserted in either of

the two slots provided for disk drives. Furthermore, it is possible that one or both of the slots is left vacant.
By means of the various embodiments of this invention, the determination of the disk drive type can be
determined by the system software wilthout hardware modification or user interaction.

At system power-up or soft reset, the second method begins, as iliustrated in the flow diagram of Figure
8, with the BIOS software selecting one of the drives and turning on the drive motor. Then the read/write
head is instructed to seek to a high track, that is, to move to a position over a high track. By a high track is
meant a track number that is higher than the maximum number of tracks on a DSD disk media but less than
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the maximum number on a HC disk media. For instance, the high track could be track 45. It is not
necessary in this seek cperation that a disk media be inserted into the disk drive because only the disk
drive is being tested. A seek to the high track in an HC drive will cause the read/wrile head to be correctly
positioned in the active area 16 of the disk and to be above the correct high track. However, in a DSD drive,
the readfwrite head will seek to the innermost track 20 and will be mechanically stopped at that point.
Further stepping puises in the same direction will not produce further movement. However, the floppy disk
controller will nonetheless record that the read/write head of the DSD drive is positioned at the non- exlstent
high track.

Thereafter, the read/write head Is moved in the opposite direction by an instruction to seek to track 10.
For an HC drive, the head will, as a result, be positioned over track 10. However, for a DSD drive the floppy
disk controller has lost track of the correct position. If the high track has been selected as track 45, a
subsequent seek back to track 10 will actually cause the read/write head to be positioned on track 5.

Then the read/write head is brought back further toward the home track 18 by single steps. After each
single step, the floppy disk controiler, under the instructions of BIOS, issues a command fo sense the drive
status of the disk drive and then BIOS reads from the floppy disk conirofler 72 the result of this status
inquiry. One plece of status information so transferred is the TRACK 0 signai which indicates if the
read/write is positicned at the home track 18. Following the reading of the status, a test is made to whether
more than 10 single steps have been performed since the read/write head was at frack 10. If the answer is
affirmative, then no drive is present because the only situation in which this condition could have been
reached is that track 0 was not detected because there is no physical drive. The determination of a lack of a
drive ends the determination process for this particular slot and the sequence continues for possibly
remaining drives at different slots.

However, if there have been 10 or less single step seeks, BIOS tests whether there is an active TRACK-
0 signal. If the TRACK 0 signal is not active, then another single step seek toward track 0 is executed and
the loop is repeated. If the TRACK 0 signal is active, then BIOS determines if there have been exactly 10
single step seeks since the read/write head was at track 10, i there have been exactly 10 single steps, and
since the TRACK 0 signal is active, then it has been determined that the head is correctly positioned on the
home track 18 and that the disk drive is necessarily an HC drive. In this case, the media state of the state
machine is set {o state 1, an unestablished state, and bit 4 of the state machine is cleared to indicate {he
lack of establishment. On the other hand, if there have not been exactly 10 single steps but the TRACK 0
signal is active, then the floppy disk controller 72 is currently recording an incorrect position foi- the
readfwrite head. This will have occurred, as previously described, because the head of a DSD drive was
attempted to be overdriven beyond the innermost track 20. Accordingly, the presence of a DSD drive is
determined. The media state of the state machine is set to state 3 and bit 4 of the state machine is set to
indicate establishment. The media state is established in this case because a DSD drive can accommodate
only DSD disk media and there is no cholce between established states of a DSD drive.

BIOS then tests whether all the drives have had their drive types determined. If there are no more
drives, this method ends. If there are more drives, the sequence returns to the beginning for the
determination of the type of another drive at its respective port.

The previous two methods involve different concepts for, in the first case, the joint determination of the
disk drive an the disk media and, in the second case, for the determination of the disk drive only. However,
a determination of a DSD drive necessarily determines that the disk media is aiso going to be of the DSD
type. It is believed that system performance is improved if, upon power-up, the second methed is used 1o
determine the disk drive and possibly establish the disk media for a DSD drive. Thereafter, whenever a
diskette is accessed, a media determination is made similar to that of the first method but which can rely
upon the prior drive dstermination at power-up. This third method is described with reference to the flow
diagrams of Figures 10 and 11.

The third method, illustrated in the diagram of Fig. 9, is invoked whenever there is an YO request for
diskette access. It will be assumed that the second method has previcusly bsen invoked upon system
power-up. First, a test is made as o whethsr the DISK CHANGE signal is active, indicating either thui ther
is no disk in the disk drive or that it has been changed since the last disk access. If the DISK CHANGE:js
active, then an attempt is made to reset the disk change status by commanding the read/ write head to first
seek track 1 and then to seek track 0. 4

At least one of these seek commands will cause the issuance of a STEP signal. This will result in the
disk change signal going inactive if a disk media is present. The new disk change status, resultant from the
additional seeks, is then returned to the application program with an indication that there has been a change
of disk. The application program has the responsibility of responding to this condition and control is
relinquished by BIOS.
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If, however, the DISK CHANGE signal is inactive, a test is then made as to whether the media stale is
an established media state, that is, state 3, state 4 or state 5. This media state could have been determined
by the second method at power-up or by an intervening use of this method. If the media state is an
estabiished one, then a test is made for whether the last data rate used is the same one that is specified for
the present established media state. If not, the data rate specified by the media state is selected. This lest
and selection is required because the same clock circuit 88 is used for all the disk drives and needs to be

maintains 14 bytes of status information in RAM. One of these bytes conlains the status of the last disk

[ELI8]

changed on alternating accesses to different types of drives or media. As previously mentioned, BIOS

operation, including the frequency sselection. This is the value that is compared against the frequency *

indicated by the media state for the particular drive by the state machine. Upon the selection of the proper
data rate, the access {o the disk is performed and the status of the disk drive is returned to the application
program. At this point, BIOS relinguishes control to the application program.

If the test for an established media sfate resulted in a negative result, another test is made for whether
the media state is an unestablished state, that is, state 0, state 1 or state 2. This further test is performed in
case, for some reason, the state machine has been unintentionally wiped out, for instance, by a poorly

written assembler program so that there is no presently defined media state. in this case, the media state is

set to state 0 as a default value.

Then, based on one of the unestablished media states, the data rate indicated by the media state is
selected in the clock circuit 88. With this selected data rale, the access to the disk is performed. Then a
test is made as to whether the operation was successiul, that is, whether the sector identification was read.

If the operation was successful, the media state is established by incrementing the media state by 3. Then -

the operation status of the disk drive and, perhaps, data acguired in the access is returned io the
applications’s program. Thereafter, BIOS relinquishes control to the application's program.

If, however, the operation was not successful, probably because the wrong data rate was selected, the
next unestablished media state is selected by incrementing the media state by 1 and the disk access
parametiers associated with the new media stale are set up. Then a test is made to determine whether ail
the unestablished states have been fried. This test can be performed by determining whether the
incremented media state is greater than 2. If an unestablished stale remains o be tried, the sequence
returns to the selection of the data rate and another atternpt at access and the loop is repeated. i, however,
all unestablished states have been tried and none of the accasses have been successfull, then BIOS returns
the last error code to the application program and relinquishes control to the application program, thereby
completing the third method.

By means of the invention described above, BIOS can determine the type of disk drive attached to a
port and the type of disk media inserted in a drive capable of accessing multiple formats. The determination
is performed without intervention by the user or application program and uses already available hardware.

Claims

1.  An apparatus to be used in a computer system having a device attachment port to which any one of a
plurality of different types of disk drive devices is attached, at least one of said disk drive being
operable with anyone of a plurality of different types of removable disks, said apparatus being used for
determining in an automatic and dynamic manner the type of disk in said drive device by attempting to
access said disk at plurality of recording formats and being characterized in that it comprises :

- determining means for when activated determining the type of disk drive device presently =

attached and the type of disk presently in said drive device ;

- status indicating means for indicating if said disk has been removed since the last time said
determining means was activated ;

- activating means for activating said determining means upon initialization of the system and when
said status indicating means indicates that said disk has been removed, whereby the determining
means, when activated upon initialization of the system attempt to move a head of said drive to a

track inaccessible by at least one of said plurality of different types of disk drives to determing ™ "

the type of drive presently attached to said port and when activated by the status Indicating

means indicating that the disk has been removed, determines the type of disk in said drive

device.

2. An apparatus in accordance with claim 1 wherein said system includes means for generating requests
for access to said port and being characterized in that:
- said status indicating means includes means in each disk drive for providing a status change
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indication to said system via said port whenever a disk is removed from the drive prasently
attached to said port, whereby said staius indicating means indicates that said disk has been
removed, and
- means for activating said determining means in response to a first said request for access which
occurs after either an initialization of said system or said system receives a status change
indication via said port.
An apparatus according to claim 1 or 2 implemented in a disk coniroller of the computer system for a
disk drive accommaodating a plurality of different types of disk, such type having a different recording
jorm al characterized in that determining means comprises:

initiating means for initiating an access of a disk in said drive according to any one of a plurality of
formats

receiving means for receiving a first signal from said drive, said signal Indicating the completion of a
successful access

associaling means responsive to said first signal for associating a particular format used in said
successful access with said disk in said disk drive,

dissociating means responsive to the indication by the status indicating means of the removal of a disk
from said disk drive for dissociating said particular format from said disk.

An apparatus according to claim 3 wherein the disk drive is any one of a plurality of differsnt types of
disk drives each having a head, characterized in that the determining means comprises:

means for providing a second signal to said drive for instructing said drive to move its head in a first
direction to a first track pasition which is inaccessible in at least one of said different types of disk drive
and for providing a plurality of third signals 1. said drive for instructing said drive to move its head in'a
second direction opposite said first direction toward a reference track position in predetermined
increment corresponding to each said third signal, o

means coupled to said drive for providing a reference track signal indicating the posstioning of said
head at said reference track position;

means for counting the number of third signals required to move said head to said reference track —_

position and “

means in said associating means for determining the type of said drive in accordance with sald counted
number of third signals.

A method to be used in a computer system having a port removably connectable to any one of a
plurality of different types of disk drive devices, at least one of said disk drive devices being operable
with any one of a plurality of different types of disks, for automatically adapting said system to change
in drive and disk types at said port, characterized in that it comprises the steps of:

providing a status change indication signal each time a disk is removed from a drive currently attached
to said port and

subsequent to each status change signal attempting to access sald drive at a piurality of different

sampling rates to thereby determine the type of disk drive currently attached to said port and the type .

of disk in said drive, ¥
o
initially determining the type of disk drive currently attached to said port upon initialization of said

system by attempting to move the head of said currently attached drive to a track position which is.

inaccessible in at least one of said plurality of different types of disk drive.

Revendications
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L

dispositif & utiliser dans un systéme d'ordinateur comportant un port de raccordement de dispositif,

auquel I'une quelconque d'une pluralité d'unités de disque de types difiérents est raccordée,

au moins I'une desdites unités de disque pouvant fonctionner avec I'un quelcongue d’une pluralité de
disques amovibles de types différents, ledit dispositif étant ufilisé pour déterminer d'une maniére
automatique et dynamique le type du disque en place dans ladite unité de disque au moyen d'une
tentative d'accés sur e disque & une pluralité de formats d'enregistrement, et étant caraciérisé en ce
qu'il comprend :

- des moyens de détermination pour détarminer, lorsqu'ils sont activés, le type d'unité de disqus
raccordée et le type du disque en place dans ladite unité de disque;

- des moyens d'indication d'état pour indiquer si ledit disque a 6té retiré depuis la dernitre
activation desdits moyens de détermination ;

- des moyens d'activation pour activer lesdits moyens de détermination lors de l'Initialisation du
systéme et lorsque lesdits moyens d'indication d'état indiquent que ledit disque a &t8 retiré, cs
qui fait que, lorsque les moyens de détermination sont activés lors de llinitialisation de la tentative
du systéme pour amener une téle de ladite unité de disque jusqu'a une piste inaccessible par au
moins l'une de ladite pluralité d'unités de disques de types différents pour déterminer le type de

- I'unité raccordée audit port et lorsqu'ils sont activés par les moyens d'indication d'état indiquant
que le disque a é1é retiré, lesdits moyens de détermination déterminent le type du disque en
place dans ladite unité de disque.

FLELE)

Fing

Dispositif selon la revendication 1 dans lequel ledit systéme comprend des moyens pour générer des :

demandes d'acc@s audit port et caractérisé en ce que :

- lesdits moyens d'indication d'état comprennent des moyens dans chaque unité de disque pour
délivrer une indication de changement d'état audit systéme par intermédiaire dudit port chaque
fois qu'un disque est retiré de I'unité de disque raccordée audit port, ce qui fait que lesdits
moyens d'indication d'état indiquent que ledit disque a été retiré, et

- des moyens pour activer lssdits moyens de détermination en réponse & une premigre demande

d'accés qui apparaft soit aprés une initialisation dudit systdéme, soit aprés la réception par ledit
systéme, d'une indication de changement d'état par l'intermédiaire dudit port.

Dispositif selon la revendication 1 ou 2 réalisé dans une urité de commande de disque de systéme '

d'ordinateur pour une unité de disque pouvant recevoir une pluralité de disques de types différents,
chaque type présentant une forme d'enregistrement différents, et caractérisé en ce que les moyens de
détermination comprennent :
- des moyens d'initialisation pour déclencher I'accés sur un disque en place dans Iadite unité, a
'un queiconque d'une pluralité de formats,
- des moyens de réception pour recevoir un premier signal de Iadite unitd, ledit signal indiquant
I'achévement d'un accis réussi,
- des moyens d'association répondant audit premier signal pour associer un format particulier
utilisé lors dudit accés réussi audit disque dans ladite unité de disqus,
- des moyens de dissociation répondant & {findication par les meyens d'indication d'état, du retraxt
d'un disque de ladite unité de disque pour dissocier ledit format particulier, dudit disque.

Dispositif selon la revendication 3 dans lequel I'unité de disque est I'une quelconque d'une pluralité
d'unités de disques de différents types comportant chacune une téte, caracténsé en ce que les

meoyens de détermination comprennent :
- des moyens pour délivrer un second signal & ladits unité pour amener ladite unité & déplacer sa
t6te dans une premiére direction vers une premiére position de piste qui est inaccessible dans au

moins l'une desdites unités de disques de types différents et pour délivrer une pluralité de .

troisiemes signaux & ladite unité pour amener cette deridre 4 déplacer. sa téte dans une , .

seconde direction opposée 2 ladite premidre direction vers une positlon de piste de référence,
par Incréments prédéterminés correspondant & chacun desdils troisidmes signaux ;

- des moyens accouplés 2 ladite unité pour délivrer un signal de piste de reference indiquant le
positionnement de ladite téte 3 ladite position de piste de référence ;

- des moyens pour compter le nombre de troisismes signaux nécessaires pour amener ladite. tte
A ladite position de piste de référence, et

- des moyens dans lesdits moyens d'association, pour déterminer le. type de ladite unité en
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fonction dudit nombre compté de troisiémes signaux.

Procédé 3 utiliser dans un systdme d'ordinateur comportant un port pouvant étre raccordé de fagon
amovible & t'une quelconque d'une pluralité d'unités de disque de types différents, au moins f'une
desdites unités de disque pouvant fonctionner avec l'un quelcongue d'une pluralité de disques de
types différents, pour adapter automatiquement ledit systéme au changement du type de 'unité de
disque et du disque raccordés audit port, caractérisé en ce qu'il comprend les étapes suivantes :
- 1a délivrance d'un signal d'indication de changement d'état chaque fois qu'un disque est retire
d'une unité de disque raccordée audit port, et
- la tentative d'accés 3 la suite de chaque signal de changement d'état, A ladite unité de disque, &
une pluralité de vitesses difiérentes d'échantillonnage pour déterminer ainsi le type de {'unité de
disque raccardée audit port et le type du disque dans ladite unilé,
- la détermination initiale du type de i'unité de disque raccordée audit port lors de l'initialisation
dudit systdéme en essayant d'amener la téte de ladite unité raccordée 3 une position de piste qui
st inaccessible dans au moins I'une de ladite pluralité d'unités de disques de types différents.

Patentanspriiche

1.

Einrichtung zum Verwenden in einem Rechnersystem mit einem Gerdteanschlufport an den irgendei-
nes einer Mehrzahl verschiedener Arten von Plaltenlaufwerkgerdten angeschiossen ist, wobei zumin-
dest eines der Plattenlaufwerke mit irgendsiner einor Mehrzahl verschicdener Arten entfernbarer Platten
betrieben werden kann, wobel die Einrichtung auf eine automatische und dynamische Weise zum
Bestimmen der Plattenart in dem Laufwerkgerit verwendel wird, indem versucht wird, auf die Platte bei
einer Mehrzahl von Aufzeichnungsformaten zuzugreifen und dadurch gekennzeichnet ist, daB sie

aufweist:

ein Bestimmungsmittel zum Bestimmen der Art eines augenblicklich angeschiossenen Plattenlauiwerk-
geridtes und der Art einer augenblicklich in dem Laufwerkgerat befindlichen Platie, wenn dieses aktiviert
ist, .

e
ein Statusanzeigemitiel zum Anzeigen, falls die Platte seit dem letzten Male, als das Bestimmungsmit-
tel aktiviert war, entfernt wurde, .

Aktivisrungsmitte! zum Aktiviersn des Bestimmungsmitiels nach Initialisierung des Systerns und wenn
das Statusanzeigemittel anzeigt, dafl die Plaite entfernt wurde, wodurch das Bestimmungsmittel die Art
giner Platte in dem Laufwerkgerdt bestimmt, wenn dieses nach Initialisierung des Systemversuchs
aktiviert ist, um einen Kopf des Laufwerkes zu einer Spur zu bewegen, die durch zumindest eines der
Mehrzah! verschiedener Arten von Plattenlaufwerken unerreichbar ist, um die Art eines Laufwerkes zu
bestimmen, das augenblicklich an den Port angeschlossen ist und wenn dieses durch das Statusanzsi-
gemittel aktiviert ist, das anzeigt, da8 die Platte entfernt wurde.

Einrichtung nach Anspruch 1, bei welcher das System Mitte! zum Erzeugen von Anforderungen fr
ginen Zugriff auf den Port aufweist und dadurch gekennzeichnet ist, daf:

das Statusanzeigemittel aufweist: Mittel in jedem Plattenlaufwerk, um eine Statusdnderungsanzeigetan
das System Uber den Port zu fiefern, wann auch eine Platte aus dem augenblicklich an den Port
angeschlossenen Laufwerk entfernt ist, wodurch das Statusanzeigemitiel anzeigt, dafl die Plafte entiernt
wurde und

Mittel zum Aktivieren des Bestimmungsmittels entsprechend einer ersten Anforderung flir einen Zugriff,
der entweder nach einer Initialisierung des Systems oder nachdem das System eine Status@nderungs-
anzeige liber den Port empféngt, erfolgt. Hed
i
Einrichtung nach Anspruch 1 oder 2, die in einer Plattensteuereinheit des Rechnersystems flli, ein
Plattenlaufwerk, implementiert ist, das eine Mehrzahl verschiedener Arten einer Platte aufnimmt, wobet
sine solche Art ein unterschiedliches Aufzeichnungsformat aufweist, dadurch gekennzeichnet, da das
Bestimmungsmittel aufwelist:
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Einleitungsmittel zum Einleiten eines Zugriffs auf eine Platte in dem Laufwerk entsprechend irgendei-

nem einer Mehrzahl von Formaten,

Emptangsmiltel zum Empfangen eines ersten Signals von dem Laufwerk, wobei das Signal das
Vallenden eines gelungenen Zugriffs anzeigt,

Zuordnungsmittel, die auf das erste Signal ansprechen, um ein spezielles, in dem gelungenen Zugriff "

verwendetes Format der Platte in dem Plattenlaufwerk zuzuordnen,

Trennungsmiltel, die auf die Anzeige des Enifernens einer Platte aus dem Plattenlaufwerk durch das o

Slatusanzeigemittel ansprechen, um das spezielle Format von der Platte zu trennen.

Einrichtung nach Anspruch 3, bei welcher das Platienlautwerk irgendeines einer Mehrzahl verschiede-
ner Arten von Plattenlaufwerken ist, wobsei jedes einen Kopf aufweist, dadurch gekennzeichnet, daff das
Bestimmungsmittel aufweist:

Mittel zum Lieforn eines zweiten Signales an das Laufwerk, um dem Laufwerk zu befehien, seinen Kopf
in eine erste Richiung zu einer ersten Spurlage zu bewegen, die in zumindest einem der verschiedensn
Arten eines Plattenlautwerkes unerreichbar ist und um eine Mehrzah! dritter Signale an das Laufwerk zu
liefern, um dem Laufwerk zu befehlen, seinen Kopf in eine zweite, der ersten Richiung entgegengesetz-

le Richiung zu einer Referenzspurlage hin in einem vorbestimmten Inkrement zu bewegen, das jedem

dritten Signal entspricht,

Mittel, die an das Plattenwerk gekoppelt sind, um ein Referenzspursrgna{ zu liefern, weiches das
Einsteilen des Koples bei der Referenzspurlage anzeigt,

Miklet zum Zdhlen der Anzahl dritter Signale, die erforderlich ist, um den Kopf zu der Referenzspurlage
zu bewegen und Mittel in den Zuordnungsmitteln, um die Art des Laufwerkes entsprechend der
gezdhiten Anzah! dritter Signale zu bestimmen.

Verfahren zum Verwenden in einem Rechnersystem mit einem Porl, der mit irgendeinem siner
Mehrzahl verschiedener Arten von Plattenlaufwerkgerdten entfernbar verbunden werden kann, wobe!
zumindest eines der Plattenlaufwerkgeréite mit irgendeiner einer Mehrzahl verschiedener Arten von
Platlen betrieben werden kann, um das System automatisch anzupassen, Laufwerk- und Plattenarten an
dem Port zu wechseln, dadurch gekennzeichnel, daj disses die folgenden Schritte umfaft;

Liefern eines Statusénderungsanzeigesignals jedes Mal, wenn eine Platte aus dem an den Port
augenbiicklich angeschiossenen Laufwerk entiernt wird und

Versuchen nach jedem Statusinderungssignal, auf das Laufwerk bei einer Mehrzahl verschiedener
Abtastraten zuzugreifen, um dadurch die Art eines Platienlaufwerkes, das augenblicklich an den Port

angeschlossen ist und der Art einer Platte in dem Lauiwerk zu bestimmen,

anfangliches Bestimmen der Art eines augenblicklich an den Port angeschiossenen Plattenlaufwerkes

nach Initialisierung des Systems durch das Versuchen, den Kopf des augenblicklich angeschiossenen *

Laufwerkes zu einer Spurlage zu bewegen, die in zumindest siner der Mehrzahl verschiedener Arten
eines Platienlaufwerkes unerreichbar ist.
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