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DATA STORAGE SYSTEM WITH SELECTIVELY TRIGGERED TRANSPARENT SWAPPING OF
CONTINUOUSLY MOUNTED REMOVABLE DATA STORAGE MEDIA BACKGROUND OF THE
INVENTION 1. Field of the Invention The present invention relates to data
storage systems that employ storage drives for accessing removable data
storage media. More particularly, the storage system of this invention
responds to operator-specified "switch-media" events by demounting a11
continuously mounted idle storage media and substituting replacement media
therefor. Non-idle storage media are scheduled for later demounting and
replacement. In systems with large capacity media and/or slow data
accumulation, the invention decreases the system's otherwise lengthy period
of vulnerability to data loss while data gradually accumulates pending
media saturation and demounting. 2. Description of the Related Art With the
increasing importance of electronic information today, there is a similar
increase in the importance of reliable data storage. The market abounds
with different means of data storage today, ranging from high-speed, more
expensive products such as random access memory (RAM), to slower speed,
less expensive products such as magnetic tape. Once consumers recognize the
importance of reliably storing data, many also recognize the critical value
of backup storage, in case the stored data is lost through accident, device
failure, catastrophe, etc. Magnetic tape is one of the most popular types
of backup storage media because of its large storage capacity and   WO
02/2772 - 2  



affordable expense. magnetic tape backup style. Namely, the or more tapes
in the time, and the storage data to tape backup. PCT/EP01/095.18 In the
early days of backup technology, operations were performed in "batch" tape
storage system was loaded with one late evening or another convenient
backup system was invoked to copy a11 source More recently, consumers have
favored "event-driven" backups, which are backups of datasets performed
during ongoing operation of the storage system instead of at pre-arranged
"batch" times. Event-driven backups are triggered by particular events,
such as arrival of a particular time, commencement of a data storage
transaction, user request, or any other pertinent storage or processing
event. One example of an event-driven backup is a periodic auto-save
operation. Another example is the backup storage of a bank account record
before completing a new transaction, in order to preserve the ability to
restore the bank account record to its previous state in case that new
transaction fails. In some cases, event-driven backups are achieved using a
single tape mounted to a single tape drive. In other cases, larger
event-driven backups can be performed by storing data to multiple tapes in
parallel, by using multiple tape drives concurrently. Event-driven backups
and batch backups both present a number of challenges from the standpoint
of tape management. Particularly, one tape rarely contains sufficient
storage capacity to backup the entire storage system. Therefore, backup
datasets reside across a great number of tapes. Furthermore, in the case of
expedited backup operations using multiple tape drives in parallel, some
backup datasets may be spread across multiple tapes. Additionally, tapes
are also getting larger in capacity, which causes tapes to be mounted
longer while continuously processing requests,   WO 0212772-~ - 3  PCT/EP01
/09y8 Unlike batch backups, where the storage system copies data en masse
during a lengthy backup session, event-driven backups present a number of
further challenges. One such challenge concerns the arrival time and rate
of the individual data set backup requests, which can be random and
difficult to predict. Since a major cause of overhead and potential delay
in the data set backup process is the allocation of a tape drive and
mounting of a tape cartridge, some systems provide for the continued
allocation and mounting of tape cartridges even after completing a
particular backup request. In one implementation, a storage administrator
can direct the system to keep a tape drive allocated and tape cartridge
mounted for a specified period of time after processing the last backup
request. Under most conditions, storage systems do not demount a tape
cartridges until the cartridge is filled to capacity. Today's magnetic tape
technology offers very large capacity tape cartridges, some exceeding
twenty gigabytes after compaction. With the random and possibly infrequent
arrival of event-driven backup requests, a single large-capacity tape
cartridge might be mounted for days or weeks before reaching its data
storage capacity. Although this condition is advantageous from the
standpoint of minimizing mount and allocation overhead, it presents some
danger of data loss. Namely, the length of time at which data resides on
the mounted tape cartridge coupled with the especially large tape capacity
translates into a higher likelihood of substantial data loss if the mounted
tape cartridge experiences mechanical failure, destruction in natural
disaster, etc. Moreover, such data loss may be non-recoverable if the
customer's disaster recovery plan relies solely on the manual removal of
tapes from the storage system and storage in an off-site location. This may
be the case, for example, if the customer's storage    WO 02/2772.l 



- 4  PCT/EPO1/095~8 site does not have electronically connected, remotely
located ' duplexing capabilities. Consequently, known tape backup
approaches may not be completely adequate due to unsolved problems such as
those mentioned above. SUMMARY OF THE INVENTION Broadly, the present
invention concerns a method of managing continuously mounted backup storage
media to decrease the otherwise lengthy period of vulnerability to data
loss while data gradually accumulates pending media saturation and
demounting. Basically, responsive to operator-specified switch-media
events, continuously mounted storage media are demounted if idle, and
substituted with replacement media. If busy, continuously mounted storage
media are scheduled for later demounting and replacement. Initially, a data
storage system receives specification of one or more switch-media events,
such as arrival of a particular time, completion of a particular task in
the system, occurrence of a particular condition outside the system, etc.
The data storage system detects arrival of each switch-media event,
whereupon it identifies any "continuously mounted" media that are present
in the media drives to serve associated ongoing storage tasks such as
event-driven backup operations. The system determines the idle/busy status
of the continuously mounted storage media. For each idle storage medium,
the system issues instructions to perform a "swap" including demounting the
storage medium and mounting a replacement storage medium in substitution
therefor. For busy storage media, the system schedules later performance of
the swap. Optionally, a system operator may manually trigger commencement
of the swap operations.   WO 02/2772 - 5  PCT/EPO1/095.18 The foregoing
features may be implemented in a number of different forms. For example,
the invention may be implemented to provide a method to manage continuously
mounted removable data storage media. In another embodiment, the invention
may be implemented to provide an apparatus such as a data storage system
configured as described herein for managing continuously mounted removable
data storage media. In still another embodiment, the invention may be
implemented to provide a signal-bearincLmedium tangibly embodying a program
of machine-readable instructions executable by a digital data processing
apparatus to manage continuously mounted removable data storage media as
discussed herein. Another embodiment concerns logic circuitry having
multiple interconnected electrically conductive elements configured to
manage continuously mounted removable data storage media as discussed
herein. The invention affords its users with a number of distinct
advantages. For example, by supporting the use of continuously mounted
backup media, the invention helps minimize resource consuming operations
such as media allocation and media mount/demount activity. Namely,
removable storage media remain mounted to serve repeating storage
operations of an application. Unlike prior approaches, however, the
invention minimizes exposure to data loss because storage media are
automatically demounted and substituted with new media regardless of
whether the media have reached their data capacity. Demounted storage media
are therefore freed for convenient removal to a safe location, such as a
fire-proof container, off-site location, etc. Advantageously, the
switch-media operation may be invisible to the ongoing storage task
associated with the swapped media. The invention also provides a number of
other advantages and benefits, which should be apparent from the following
description of the invention.   



WO 02/2772.t - 6  BRIEF DESCRIPTION OF THE DRAWINGS PCT/EP01/095.18 FIGURE
1 is a block diagram of the hardware components and interconnections of a
data storage system according to the invention. FIGURE 2 is a block diagram
of a digital data processing machine according to the invention. FIGURE 3
shows an exemplary signal-bearing medium according to the invention. FIGURE
4 is a flowchart showing a process performing selectively triggered,
transparent swapping of continuously mounted removable data storage media
according to the invention. DETAILED DESCRIPTION The nature, objectives,
and advantages of the invention will become more apparent to those skilled
in the art after considering the following detailed description in
connection with the accompanying drawings. HARDWARE COMPONENTS &
INTERCONNECTIONS Introduction One aspect of the invention concerns a data
storage system, which may be embodied by various hardware components and
interconnections, with one example being described in FIGURE 1. The system
100 includes a storage manager 106 coupled to various applications 102-104,
data storage facilities provided one or more direct-access storage devices
(DASD) 113 and media drives 110-112, mount/demount equipment 120 to
selectively   WO 112/2772  



PCT/EPO1 /09y8 couple removable data storage media to the drives 110-112, a
work/request queue 108, and an operation interface 109. Applications The
storage system 100 includes one or more applications 102104, although a
greater or lesser number may be used. The applications Z02-104 comprise
application software programs, computer workstations, servers, personal
computers, mainframe computers, manually activated operator terminals, and
the like. The applications l02-I04 represent application programs that
utilize the storage manager 106 to store and retrieve data using data
storage available to the storage manager. Namely, the applications 102-104
request the storage manager 106 to store data files, records, blocks,
pages, or data items, whereupon the storage manager 106 carries out the
appropriate data storage operations using the DASD 113 and/or removable
storage media mounted to drives 110-1I2. There may also be one or more
processes 106a-106c internal to the storage manager 106 that utilize
storage provided by the drives 110-112 and DASD 113. To help preserve its
own operating efficiency, the storage manager 106 may minimize
mount/demount operations and media allocation operations conducted on
behalf of the applications 102-104 and/or processes 106a-106c by supporting
"continuously mounted" storage media. Namely, depending upon the number and
utilization of drives 110-112, the presence of a storage task (i.e., an
application 102-Z04 or process 106a-106c) with an . ongoing need to store
data, and the quantity of data to be continuously stored by an application,
the storage manager 106 may specify that the task utilize media whose
mounting persists throughout the completion of many distinct, eventdriven
file storage operations. With the continuous mounting, the media remains
mounted in anticipation of future storage work, even when its associated
storage task does not have any   wo n2/z~~2~ - g _ PCT/EPU 1 /U95.~fi work
at the moment. Each continuously mounted storage medium may remain mounted,
for example, until reaching its storage capacity. Storage Manager The
storage manager 106 comprises computer-driven equipment capable of managing
operations of multiple storage drives 1101I2. The storage manager 106 may
be implemented by a variety of different hardware devices, such as a
personal computer, server, computer workstation, mainframe computer, etc.
Furthermore, the storage manager 106 may even share common hardware with
one or more of the applications 102-104. As a specific example, the storage
manager 206 may comprise a commercially available product such as an IBM
brand Data Facility Storage Management Subsystem Hierarchical Storage
Manager (DFSMShsm) product. The storage manager 106 is coupled to a
removable media work/request queue 108, which comprises one or more digital
data storage devices or data structures that may be provided separately
from the storage manager I06, or integrated therewith. The work/request
queue 108 contains storage "jobs" awaiting performance by the drives
1I0-112. In the illustrated example, the storage manager 106 includes
various processes 106a-106c. One of these processes 106a106c, for example,
may comprise a backup program that creates various backup files upon the
media drives 110-112. As an alternative, the backup program may be
implemented as one of the applications 102-104. Like the applications
102-104, the backup program implements event-driven backup operations
requesting the media drives 110-112 to store backup copies of data on
removable storage media mounted to the drives 110-112. As with the
applications 102-104 and other processes 106a-106c as discussed above, the
backup program may contribute to the   WO 02/2772-~ 



_ g _ PCTIEPUI/U15~8 reduction of mount/demount operations and media
allocation operations by utilizing continuously mounted storage media.
Storage Drives Each of the media drives 110-112 comprises a machine to
conduct read/write operations with a data storage medium that is removably
attached to the media drive. As one example, the drives 110-112 may
comprise magnetic tape drives such as IBM model 3590-ElA tape drives. In
this example, the storage media comprise removable magnetic tape units
housed in cartridges. Other examples of removable storage media include
optical storage media, compact magnetic disk storage, or other appropriate
technologies. Mount/Demount Equipment The system 100 may also includes
automated mount/demount equipment 120. The equipment 120 serves to mount
tapes into the drives 110-112 and demount tapes from the drives 110-112. In
one example, such equipment may be provided by separate cartridge loaders
or other equipment local to each drive. In another example, the equipment
120 may be provided by a robotic arm or other component with universally
access to a11 drives 110-1l2. As an alternative to the mechanized equipment
l20, or in assistance thereto, a human operator may perform mount/demount
operations. Operator Interface The system 100 also includes an operator
interface 109, used by a system administrator or other human operator to
communicate with the storage manager 106. Although ordinarily skilled
artisans will recognize varied implementations of the operator interface
109, some examples include components such as a cathode ray tube (CRT)
monitor, liquid crystal display (LCD) flat panel display, keyboard,
computer mouse, mechanical devices (such as buttons, dials, switches,
etc.), voice   WO 02/2772.1 - 10  PCT/EPO1/119S.t8 recognition devices,
audio speakers, eye-operated pointing devices, etc. Exemplary Digital Data
Processing Apparatus As mentioned above, the storage manager 106 may be
implemented in various forms. As one example, the storage manager 106 may
comprise a digital data processing apparatus, as exemplified by the
hardware components and interconnections of the digital data processing
apparatus 200 of FIGURE 2. 



The apparatus 200 includes a processor 202, such as a microprocessor or
other processing machine, coupled to a storage 204. In the present example,
the storage 204 includes a fast-access storage 206, as well as nonvolatile
storage 208. The fast-access storage 206 may comprise random access memory
("RAM"), and may be used to store the programming instructions executed by
the processor 202. The nonvolatile storage 208 may comprise, for example,
one or more magnetic data storage disks such as a "hard drive," a tape
drive, or any other suitable storage device. The apparatus 200 also
includes an input/output 210, such as a line, bus, cable, electromagnetic
link, or other means for the processor 202 to exchange data with other
hardware external to the apparatus 200. Despite the specific foregoing
description, ordinarily skilled artisans (having the benefit of this
disclosure) will recognize that the apparatus discussed above may be
implemented in a machine of different construction, without departing from
the scope of the invention. As a specific example, one of the components
206, 208 may be eliminated; furthermore, the storage 204 may be provided
on-board the processor 202, or even provided externally to the apparatus
200.   WO 02/2772 - 11  PCT/EP01/095~8 Logic Circuitry In contrast to the
digital data processing apparatus discussed above, a different embodiment
of the invention uses logic circuitry instead of computer-executed
instructions to implement the storage manager 106. Depending upon the
particular requirements of the application in the areas of speed, expense,
tooling costs, and the like, this logic may be implemented by constructing
an application-specific integrated circuit ("ASIC") having thousands of
tiny integrated transistors. Such an ASIC may be implemented with CMOS,
TTL, VLSI, or another suitable construction. Other alternatives include a
digital signal processing chip ("DSP"), discrete circuitry (such as
resistors, capacitors, diodes, inductors, and transistors), field
programmable gate array ("FPGA"), programmable logic array ("PLA"), and the
like. OPERATION Having described the structural features of the present
invention, the method aspect of the present invention will now be
described. As mentioned above, the method aspect of the invention involves
the operations of demounting continuously mounted idle storage media and
substitutes replacement media therefor. Signal-Bearing Media In the context
of FIGURE 1, such a method may be implemented, for example, by operating
the storage manager 106, as embodied by a digital data processing apparatus
200, to execute a sequence of machine-readable instructions. These
instructions may reside in various types of signal-bearing media. In this
respect, one aspect of the present invention concerns signalbearing media
tangibly embodying a program of machine-readable instructions executable by
a digital data processor to selectively demount continuously mounted
removable storage media in favor of substitute media.   WO 02/2772.1 - 12
PCTlEP01/095-18 This signal-bearing media may comprise, for example, RAM
(not shown) contained within the storage manager 106, as represented by the
fast-access storage 206. Alternatively, the instructions may be contained
in another signal-bearing media, such as a magnetic data storage diskette
300 (FIGURE 3), directly or indirectly accessible by the processor 202.
Whether contained in the storage 206, diskette 300, or elsewhere, the
instructions may be stored on a variety of machine-readable data storage
media, such as direct access storage (e.g., a conventional "hard drive,"
redundant array of inexpensive disks ("RAID"), or other DASD type devices,
magnetic tape, electronic read-only memory (e. g., ROM, EPROM, or EEPROM),
optical storage (e. g., CD-ROM, WORM, DVD, digital optical tape), paper
"punch" cards, or other suitable signalbearing media including digital or
analog transmission media and communication links and wireless. In an
illustrative embodiment of the invention, the machine-readable instructions
may comprise software object code, compiled from a language such as "C,"
etc. 



Logic Circuitry In contrast to the signal-bearing medium discussed above,
the method aspect of the invention may be implemented using logic
circuitry, without using a processor to execute instructions. In this
embodiment, the logic circuitry is implemented in the storage manager 106,
and is configured to perform operations to implement the method of the
invention. The logic circuitry may be implemented using many different
types of circuitry, as discussed above. Overall Sequence of Operation
FIGURE 4 shows a sequence 400 to illustrate one example of the method
aspect of the present invention. For ease of explanation, but without any
intended limitation, the example of FIGURE 4 is described in the context of
the data storage   WO 02/2772 - 13  PCT/EP01 /095.t8 system 100 described
above, and more particularly in context of storage operations conducted by
internal processes 106a106c of the storage director 106. Broadly, the
sequence 400 responds to operator-specified switch-media events by
examining all continuously mounted storage media. Idle data storage media
are demounted and substituted with replacement media. Busy storage media
are scheduled for demounting and replacement as soon as practicable. The
sequence 400 begins in step 402, where the storage manager 106 is
initialized regarding the treatment of continuously mounted data storage
media. For example, standards are set as to when a storage medium qualifies
as "idle." As one example, a storage medium may be considered "idle" if it
is not presently carrying out any Read or Write operations. Idle status may
further require the subject medium to be free of any work or requests in
the queue 108. Another example of "idle" specifies that no work is assigned
for processing on the subject storage medium and the queue 108 is empty of
any work requests for the medium. The foregoing characterization of "idle"
may be defined by initial programming of the storage manager 106, or
subsequent operator specification utilizing the interface 109, etc. Also in
step 402, the storage manager 106 receives input designating "switch-media
events." Each switch-media event may constitute a future time-of-day,
expiration of a timer, storage event, condition of the system 100, or other
occurrence detectable by the storage manager 106. As explained below,
switch-media events trigger the storage manager's removal/replacement of
continuously mounted media. Switch-media events may be universally
applicable to a11 continuously mounted storage media, or different
switch-media events may be defined for different ongoing storage tasks.
Step 402 may involve the storage manager 106 receiving   WO 02/2772.1 - 14
PCT/EPO 1 /09S.18 



designation of the switch-media events by initial installation programming
or construction, by input from a system administrator or other suitable
personnel via the interface 109. The switch-media events are preferably
selected to occur with sufficient frequency to substantively protect
against loss of accumulated data while still avoiding excessive allocate,
mount, and demount operations. Advantageously, the storage manager 106 is
programmed such that the initialization of step 402 may be repeated in
order to change any of the initialized parameters, such as the definitions
of idle, switch-media events, etc. As an additional, or alternative
feature, the storage manager 106 may be re-initialized "on the fly" after
step 402 by updating memory or other storage containing the foregoing
parameters referenced by the storage manager 106. After initialization, the
storage manager 106 waits until one of the designated switch-media events
occurs (step 404). In the present example, a switch-media event pertinent
to the process 106a (per initialization step 402) is assumed to occur. At
that time, the storage manager 106 embarks upon certain switch-media
processing to automatically remove and replace each continuously mounted
storage medium that is servicing the process 106a. As mentioned above,
switch-media events may include predefined future events such as arrival of
predetermined time, expiration of a timer, occurrence of a system event in
the storage manager 106, etc. As an - alternative to the task-specific
switch-media event in this example, universal switch-media events may be
defined, triggering media swapping for all continuously mounted media
regardless of the application or process served. Step 404 also recognizes a
"forced" switch-media event, which occurs when a system administrator or
other system operator manually directs the storage manager l06 to initiate
switch-media   WO U2I2772~ - 15  PCT/EPO 1 /095.48 processing. The system
administrator may cause the forced switch-media event, for example, by
entering appropriate commands with the interface Z09. The forced
switch-media event effectively deems a switch-media event to occur
immediately. After occurrence of a forced switch-media event, the storage
manager 106 may continue to honor the predefined switch-media events
designated in step 402, or these switchmedia events may be canceled
depending upon the needs of the particular implementation. Responsive to
switch-media events (step 404), then the storage manager 106 embarks upon a
series of operations to automatically identify, remove, and replace each
continuously mounted storage medium. In the present example, the
switchmedia event under discussion concerns the process 106a. Thus, in step
406, the storage manager 106 asks whether there are any continuously
mounted storage media mounted to one or more drives Z10-112, where such
media are servicing the ongoing storage tasks of process 106a. If not,
there is no need to perform any swap operations, and step 406 returns to
step 404 to await the next switch-media event. If the drives 110-112 do
include any continuously mounted media serving the process 106a, then the
storage manager 106 proceeds to consider a first one of the media in step
408. This storage medium becomes the "current" storage medium, as discussed
in the explanation of FIGURE 4. In step 410, the storage manager 106
determines whether the current storage medium is "idle" (as "idle" is
defined in the initialization step 402). If the current storage medium is
idle, the storage manager 106 performs a media "swap" ("switch-media")
operation, where it directs the corresponding drive 1l0-112 to demount this
storage medium and mount a replacement storage medium (step 414). For most
applications, the replacement medium may constitute an empty storage
medium. The swap operation of   WO U2/2772.1 



- 16  PCT/EPU1/095~8 step 414 may be performed so that they are transparent
to the applications 102-104 and/or processes 106a-106c. In the case of the
applications 102-104, this transparency is achieved by using the storage
manager 106 to perform the sequence 400 (and step 414 in particular). In
the case of the processes 106a106c, transparency may be preserved by using
a different processing thread (not shown) of the storage manager 106 to
perform the sequence 400. As part of step 414, the storage manager 106
internally suspends any future storage operations that it would normally
perform on behalf of the task that owns current storage medium until the
switch-media operation completes. This suspension may be transparent to the
current medium's ongoing storage task. After step 414, the storage manager
106 in step 416 asks whether a11 continuously mounted media pertinent to
the current switch-media event have been processed by steps 408414. If not,
the storage manager 106 considers another continuously mounted storage
medium in step 418, making this the "current" storage medium, thereafter
returning to step 410 (discussed above). In contrast to the foregoing
sequence, step 412 is performed if step 410 finds that the current storage
medium is "busy" conducting a Read or Write operation on behalf of an
ongoing storage task for an application 102-104 or process 106a-1.06c.
Namely, because the current storage medium is busy, the storage manager 106
in step 412 schedules future performance of a swap operation for the
current storage medium. Scheduling may occur in various ways. In one
example, the storage manager 106 waits until the storage medium's current
Read/Write operation fully completes. In another example, the storage
manager 106 waits for the current Read/Write operation to reach a
non-destructive, intermediate stopping point or "break point" before
performing the swap operation.   WO 02/2772.l - 17  PCT/EPO 1/09y8 Some
examples of intermediate stopping points include completion of a request in
progress, reading the end of a file or set of files in the current read or
write operation, etc. ' To proceed with minimal delay, the swap operation
may be performed after completing the least amount of work before
gracefully reaching a stopping point at which no data is lost from the
current read or write operation, and from which processing can resume
without error. A break point is nondestructive if the task using the medium
can be interrupted without losing any data or pending requests. As a
different alternative, the storage manager 106 may estimate completion time
of the Read/Write operation that is causing the current medium to be
"busy," and schedule performance of the swap operation at the estimated
completion time, or a fixed time thereafter. As still another approach,
step 412 may actively instruct the busy drive 110-112 to abort the
Read/Write operation that is preventing the current storage medium from
being idle, and then direct the drive to demount the storage medium. Such
an abort instruction may be given immediately upon commencement of step
412, or after some time to nominally allow completion of the current
operation. After step 412, the routine 400 progresses to step 416, which is
explained above. When a11 pertinent continuously mounted storage media have
been considered and processed, step 416 recognizes this condition and
accordingly returns to step 404 to wait for the next switch-media event.
OTHER EMBODIMENTS While the foregoing disclosure shows a number of
illustrative embodiments of the invention, it will be apparent to those
skilled in the art that various changes and modifications can be made
herein without departing from the scope of the invention as defined by the
appended claims. Furthermore, although elements of the invention may be
described or claimed   WO 02/2772-1 



- 18  PCT/EPOl /(I15.18 in the singular, the plural is contemplated unless
limitation to the singular is explicitly stated. Additionally, ordinarily
skilled artisans will recognize that operational sequences must be set
forth in some specific order for the purpose of explanation and claiming,
but the present invention contemplates various changes beyond such specific
order.   WO 0212772.1 - 19  C L A I M S PCT/EPO1/095:48 1. A method for
managing removable storage media in a data storage system including at
least one media drive, comprising operations of: the system receiving
designation of at least one switch media event; and responsive to arrival
of each designated switch-media event, performing switch-media processing
comprising: identifying any storage media continuously mounted to the media
drives to serve associated ongoing storage tasks utilizing such
continuously mounted media; and for each continuously mounted storage
medium, issuing instructions to perform a swap comprising demounting said
storage medium and mounting a replacement storage medium. 2. The method of
claim 1, where: the switch-media processing further comprises detecting
idle/busy status of each identified continuously mounted storage medium;
the swap operations further comprise, for each continuously mounted storage
medium having a busy status, delaying the swap. 



3. The method of claim 2, the operation of delaying the swap comprising:
issuing the instructions such that the swap is performed   WO 02/2772-t
PCT/EPO1/09a~8 - 20  at a non-destructive break point in storage activity
causing the busy status. 4. The method of claim 2, the delaying of the swap
comprising: estimating completion time of storage activity causing the
storage medium to be busy: and scheduling the swap to occur in relation to
the estimated completion time. 5. The method of claim 2, the operation of
delaying the swap comprising: suspending storage activity causing the
storage medium to be busy, issuing instructions to perform the swap
operation, and then resuming the storage activity after completion of the
swap. 6. The method of claim 1, where the operation of issuing the
instructions comprises directing the instructions to mount/demount
machinery. 7. The method of claim 1, where: at least some of the designated
switch-media events are specific to certain storage tasks; . responsive to
arrival of each designated switch-media event specific to a storage task,
the identifying operation identifies storage media continuously mounted to
the media drives in service of the certain storage tasks.   



WO 02/2772 - 21  PCT/EPO1/1195-48 8. The method of claim 1, further
comprising the data storage system detecting a forced switch-media input
from an operator, and responsive thereto, initiating the switch-media
processing independent of arrival of designated switch-media events. 9. The
method of claim 1, the instructions to perform the swap operation being
issued such that the swap operations are non-destructive to the ongoing
storage tasks. 10. The method of claim 1, where: the swap operations are
conducted so as to be transparent to the ongoing storage tasks. 11. A
signal-bearing medium tangibly embodying a program of machine-readable
instructions executable by a digital processing apparatus to perform
operations for managing removable storage media in a data storage system
including at least one media drive, the operations comprising: the system
receiving designation of at least one switch media event; and responsive to
arrival of each designated switch-media event, performing switch-media
processing comprising: identifying any storage media continuously mounted
to the media drives to serve associated ongoing storage tasks utilizing
such continuously mounted media; and for each continuously mounted storage
medium, issuing instructions to perform a swap comprising demounting said
storage medium and mounting a replacement storage medium.   



WO 02/2772.1 - 22  12. The medium of claim 11, where: PCT/EP01I09S.48 the
switch-media processing further comprises detecting idle/busy status of
each identified continuously mounted storage medium; the swap operations
further comprise, for each continuously mounted storage medium having a
busy status, delaying the swap. 13. The method of claim 12, the operation
of delaying the swap comprising: issuing the instructions such that the
swap is performed at a non-destructive break point in storage activity
causing the busy status. 14. The method of claim 12, the delaying of the
swap comprising: estimating completion time of storage activity causing the
storage medium to be busy; and scheduling the swap operations for the
medium to occur in relation to the estimated completion time. 15. The
method of claim 12, the operation delaying the swap comprising: suspending
storage activity causing the storage medium to ' be busy, issuing
instructions to perform the swap operation, and then resuming the storage
activity after completion of the swap. 



WO 02/2772-4 - 23  PCT/EP01/(195.18 16. The medium of claim 11, where the
operation of issuing the instructions comprises directing the instructions
to mount/demount machinery. 17. The medium of claim 11, where: at least
some of the designated switch-media events are specific to certain storage
tasks; responsive to arrival of each designated switch-media event specific
to a storage task, the identifying operation identifies storage media
continuously mounted to the media drives in service of the certain storage
tasks. 18. The medium of claim 11, further comprising the data storage
system detecting a forced switch-media input from an operator, and
responsive thereto, initiating the switch-media processing independent of
arrival of designated switch-media events. 19. The medium of claim 11, the
instructions to perform the swap operations being issued such that the swap
operations are non-destructive to the ongoing storage tasks. 20. The medium
of claim 11, where: the swap operations are conducted so as to be
transparent to the ongoing storage tasks.  21. A logic circuit of multiple
interconnected electrically conductive elements configured to perform
operations to manage removable storage media in a data storage system   



WO 02/2772.t PCT/EPlll/095~8 - 24  including at least one media drive, the
operations comprising: the system receiving designation of at least one
switch media event; and responsive to arrival of each designated
switch-media event, performing switch-media processing comprising:
identifying any storage media continuously mounted to the media drives to
serve associated ongoing storage tasks utilizing such continuously mounted
media; and for each continuously mounted storage medium, issuing
instructions to perform a swap comprising demounting said storage medium
and mounting a replacement storage medium. 22. A data storage system,
comprising: at least one media drive; at least one item of data storage
media removably mountable to the drive: and a storage manager programmed to
manage the removable storage media by performing operations comprising: the
system receiving designation of at least one switch media event; and
responsive to arrival of each designated switch-media event, performing
switch-media processing comprising: identifying any storage media
continuously mounted to the media drives to serve associated ongoing
storage tasks   WO 02/2772 PCT/EP(11/095~8 - 25  utilizing such
continuously mounted media; and 



for each continuously mounted storage medium, issuing instructions to
perform a swap comprising demounting said storage medium and mounting a
replacement storage medium. 23. A data storage system, comprising: at least
one item of data storage media removably mountable to the drive; and first
means for exchanging data with the removable data storage media when
mounted to the media drive means; and third means for managing removable
storage media in the storage system by: the system receiving designation of
at least one switch media event; and responsive to arrival of each
designated switch-media event, performing switch-media processing
comprising: identifying any storage media continuously mounted to the first
means to serve associated ongoing storage tasks utilizing such continuously
mounted media; and for each continuously mounted storage medium, issuing
instructions to perform a swap comprising demounting said storage medium
and mounting a replacement storage medium. .A.A#.A.AY.A,.A?.A3l.A@.AS.A
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