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DESCRIPTTION *166166*

DATA STORAGE SYSTEM WITH SELECTIVELY TRIGGERED TRANSPARENT
SWAPPING OF CONTINUCUSLY 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 all continuously mounted idle storage media and
substituting replacement media therefor. Non-idle storage
media are scheduled for later demounting and replacement. 1In
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
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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,
commenceﬁent 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 1s 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. 1In 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,
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3 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
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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,

h occurrence of a particular condition outside the system, etc.

o 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.
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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.



storage operations of an application. Unlike prior approaches, however,
-the invention, mnimzes exposure to data |oss because storage nedip?qhﬁzm
automatical ly denmobunted and substituted with new nedia regardless o 5
whet her the | sfjave reached their data capacity. Denpupnted storage
media are theretore freed for convenient removal to a saf & VSCHIPEh, such
as a fire-proof container, off-site |location, etc. Advantageously, the
switch-nmedi a operation nay be invisible to the ongoing storage task
associated wth the swapped nedia. The d avention also provides a nunber of
ot her advantages and benefits, which should be apparent fromthe foll ow ng
description of the invention. 2 2 MAR 2005 WO 02/ 27724 PCT/ EPO1/ 09548 6
BRI EF DESCRBRIFROQESCRIPEIOR MY NEE PRAWRRGY is a bl ock di agram of the

har dwar e conponents and interconnections of a data storage system
according to the invention. FIGURE 2 is a block diagramof a digital data
processi ng FHAHREA de iacesop ey digarhe ohvidm ibemdwer SUREr®rehdws and exenpl ary

Si gnal - bear 0 IEALURL 3GRT6l N0 g, LS gy SRELER oFLOURE 4 boye | ovehar

showi ng a process performng selectively triggered, tran ent swappi ng
of conti nuot¥eptigdunt ed renopvabl e data storage nmedia according to the
i nventi on. DETAI LED DESCRI PTI ON

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 applicatlions 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
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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 102-104 or process 106a-106¢c) 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, event-
driven 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
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As a
specific example, the storage manager 106 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 106, or integrated therewith. The work/request queue
108 contains storage “jobs” awalting performance by the drives

110-112.

o In the illustrated example, the storage manager 106 includes
various processes 106a~106c. One of these processes 1l06a-
106¢, 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
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exanpl es of renovabl e storage nedia inclaude optical storage nedia, conpact
magneti c di sk storage, or other appropriate technol ogi es. Munt/ Denount
Equi pnrent The system 100 may al so i ncludes aut omated nount/denount

equi pment I@uctieoneqli pewnt/d@®wdr ppsratlansusndt npeésa ialtlecatthendri ves

110-112 ang, %‘hstB?eﬁtﬁPﬂﬁgh%oﬂ“chﬁﬁélsll]ipg%%%ted L8 A0% GxagRl e, such
equi pnent be prow ded by separate cartri oaders or ot her equi pnent
| ocal to each drive. anot her exanple, the equi pnent 120 nmay be provided
by a robotgt(b@rgg @ﬁ:legger conponent with universally access to all drives
110--112 ternative to, the n'echanl zed e%el prent 120, or in

assi st ance %af &foths Redkd Tokrest o Ombi? (RABSHFES B IRA PSP iRt oper at i ons.

Oper at or |r&cﬁ’fcfuaiter¥bd/8yst@mﬂ&&tabﬁs witd uelatansopei@d atedinmechate 109,
used by a stema to t her n.Qperator to _conmu
Weh the ot SSEOYRRLYer bR, & RN Tha i RER) Bkt drahB TR ant e 1)
recogni ze \drives |1r1p|—éh%rtttay|cm1@mfset hagnaiper a;tapa fintexd aoxhl @y, IBMrre
exanpl es i e fng l{%]h, as a Ay tu E?gg)j_, ni tor,
liquid crygttgé]i.é d|3§%?§ n,i%ﬁs Vte panIﬁan(Jh%d%xa ¥I¥% B%éér g%uter nouse,
mechani cal Mefdhg @@gtp(sﬁ@hr%zéomhheo%gnatm stapﬁf\nufléﬁ@shméﬁtet@ YR voice 11 MAR
2005 Vm)ozh%ﬁ%%&dges. 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 équipment 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 all
drives 110-112. As an alternative to the mechanized equipment
T 120, or in assistance thereto, a human operator may perform

mount/demount operations.

Operator erface

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



-10 .PCT/ EPO1/ 09545 recognition devices, audi o speakers, eye-operated

-pointing devices, etc. Exenplary D gital Data Processing Apparatus QﬁgMA

nmentioned above, the storage manager 106 may be inplemented in vario R 2005

forms. As one exanpl e, the storage manager 106 may corrprlse a digital data

processi ng ab‘&?zgﬂ , as exenplified by the hardware conpUriého %

i nterconnections of the digital data processing apparatus 200 of FI GURE 2.

The apparatus 200 includes a processor 202, such as a m croprocessor or

ot her processing machi ne, coupled to -a 1st-orage 204. In the present

exanpl e, the storage 204 includes a fast-access storage 206, as well as

nonvol atil e storage 208. The fast-access storage 206 nay conprise random

access nenoegogil R )dewimesnapubio s ke sst eye-dres atiedgpaimt g

i nstructi O%Vl?égcué@g by the processor 202. The nonvolatil e storage 208

may conpri se or "exanpl e, one or nore nagnetic data storage disks such as
"hard drive," a tape drive, or any other suitable storage device. The

appar atus %ngahé.@yiﬁms DAfta PR DHPEbpaESusuch as a |ine, bus,
cabl e, el ectrorrggnetl or other means tor_the processor 202 to
exchange dafamenfipned I%?O"P?ar Ghar etesass maragsr t WP J3yaPst 4BPLReR S pi t e

t he specifiia ¥aregaes nEprescr gt i bﬁ@ emmidmaar ithy s&@ﬂdg@dmaaatgesams (rmm ng
the benefit of thlsdscour recogni ze that the ag aig
nsc% ruction,

di scussed SBBYE HBy? be 1R ﬁt%lao‘?‘??sa% ERPREY S /aiPPs §F
wi t hout dbpgathe nlgafdvmmet lompoopet®fantdenteventnartiods afspkeidigitadxanpl e,

one of thedgggpﬁpggégsgr%élp%g?ﬁggg 5% &4 rplag%gdz 'orf urthernore, the storage

204 may be provided on- € processor even provi ded
externally to the apparatus 200. 2 2 MAR 1005 WD 02/ 27724 PCT/ EPO1/ 09548

- 11 The apparatus 200 includes a processcr 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.



Logic Crcuitry In contrast to the digital data processing apparatus

~di scussed above, .a different enbodi nent of the invention uses Iogiz MAR 7
circuitry instead of conputer-executed instructions to inplement t g 005
storage manager 106. Dependi ng upon the particular requirenents of the
application ™MP¥RE2%4reas of speed, expense, tooling cost FCTARARS | | ke,
this logic nmay be inplenented by constructing an application-specific
integrated circuit ("ASIC') having thousands of tiny integrated

transi stors. Such an ASIC may be inplemgnpted with CMOS, TTL, VLSI, or

anot her suitable construction. OGher alternatives include a digital signal
processing chip ("DSP"), discrete circuitry (such as resistors,

capaci t or s, Lakiiggdgs reumtlngt ors, and transistors), field progrannable gate

array ("FPGA") r e \ I RATI ON
Havi ng desc:q;lkilbcec}&%%%s?r ucl?%r%}[ gé(aa;lt grgég ?é(f%BAm)? gﬁgréﬁsvg%tél%gﬁggg
met hod aspezitowd, tehdiffesent émbhaslimient mﬁltheuﬁnvem§ldes@$¢$xi¢glAs ment i oned
above, the gpthod ﬁgfcega‘i she dod%\ﬁ%@t*lef?@cﬁ{wll%%%rﬁé@l&paer@)t'Ons of

denounti ng cont1 nuous nount e e stora di a and substitutes
repl acenent imekament ﬁéﬁeﬁé@raﬁ g%?éllagBéailPﬁg NiseadiiRgt Weeke difteext of FI GURE

1, such a npihodumy l@@ ﬂﬁéﬁm% thfeoép]?l(ﬁfaﬂi@m By eweraidargoithe storage

manager 106, as_ enbodie dat 0cessi n aratus 20
execute a §%%ﬁﬂs'nceé‘p8flsﬁacﬁ¥?£l %ﬁé%Fe t‘ﬁl?c& %ﬁs g%hggleoqlﬁsf“faé’cg?ons
may reside impMardraisl bypesnofrisitgmal abeappru@ama@maspéuiﬂm sintegspeetl, one

aspect of Lje. BSenbghANENLLor}, CONGRLDR.SI 9Qlhcat bpgypdicp tang! bly

enbodyi ng a progra hine-r i Ons-&xecut abl e by a
digital dat ‘arqm&jlm@r tSuclse&tre@tﬁl\‘ﬂemyFIdemlee@@ﬁfCﬁﬁu%@l YM@SunTed,

renovabl e n of R+€Q05 WO
A s g e et §|°§ﬁg§@é%l?}r?nmh@r aﬁt@r%ﬁgé?se for

exanpl e, RAMMHHie asﬁé%ya%ﬁﬁ‘ﬁ}%@r\ﬁc?ﬁ?wq fFé”é’td "RoR" ha °£66, as
representedci%bdﬂﬁiyfa§ECQC§§S§e§ﬂénb&gﬁ 8Q§acfﬁdr%Lnaib&@éy 1ndd@tors,h
instructions e .conta ., 1.n._anot he n earin such as a
nmagneti c da?%gq¥ﬁV§@e 8F§L9t i @rPﬁFeﬂﬁé?f%Dgagﬁ F@E??y gﬁgﬁhalrectly
accessi bl e pyodrteempbdeedsgic 202xay WHELAE) , cantdaithedliket he st orage 206,

di skette 300, or elsewhere, the instructions may be stored on a variety of

machi ne-r eadabl e data storage medi a, such as direct access storage (e.g.,
a convent i oPEERAHANG drive," redundant array of inexpensive disks

("RAID'}, omaeidierdeRbBDobipEndastiriREuralbgeetirest agerhel eadgemti ¢ read-only

menor e. A EP r EEP , ca fora WORM
DV, Ui ot Siavetioa) coapnethod Aavety, aehth dred R Lhya Sy wigy S0k

si gnal bear i bg qt@zﬁm;biedcl udls ngenli igineal abevandihsy Metaadnispdan ofedha  and
Connunlcatlg KﬁxQBQoTbé§lFﬁéloﬂé}a%@ohél&§Qﬁﬁkhﬁ€lnémgﬁﬂh%ﬁ5539§ t he

i nvention, e machi ne-rea nstructions onpri se software object

code, conpi m@dn#%mdéq ahgtage madich 2ad 8@““&%@%6@%%4% pegia

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 signal-
bearing 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.



In contrast to the signal-bearing nmedi um di scussed above, the nethod
-aspect of the invention may be inplenmented using logic circuitry, M Mhp balid
using a processor to execute instructions. In this enbodinent, the Ioglc
circuitry is Ir‘EP| enented in the storage manager 106, and is confl ured to

perform operglq 3352 ¢ o i npl enent the nethod of the inventi PGATEPGHQ9S ogi c
circuitry may be inplenented using many different types of circuitry, as
di scussed above. Overall Sequence of Operation FIGJRE 4 shows a seguence
400 to illustrate one exanple of the _ngf hod aspect of the present

i nvention. For ease of explanation, but without any intended limtation,
the exanple of FIGURE 4 is described in the context of the data storage 2
2 MAR 2005 TWDs 024 gd P4 RETngPR2 4089 Sy -cchPrispst foxr Idamgdecr R d (@dove, and
nore parti y rage- Qe duct ed by internal
processes %818%5)68&#&%0??{15?%;%% ect oa?j% @ghg%&s féﬁn lét%he sequence 400
responds t aeppesanted shieditd dassnkeetseaficrageedfs. b)}‘-léﬁérmaﬁﬂ-ﬁglm I

conti nuously ﬁeﬂgﬂeizfﬁcef L98y7Bd] eon&éiir?edi%aaneﬁpélaee_grﬁed'-geeffn@emunt ed
and substitute acerrent medi a. Busy stor]g%1 di a are schedul ed

f or dermunﬂ“ieﬁgaanauche%ﬁ Faagretis dbh Sisor&rg&cﬂ% te 3PRe (ELgWRIce 400
begins in gfepya4Pect Miese ﬂd&réb@l?gﬁcé@s’ﬁ%@ b_iJzO@hé prigticlisaki zeg, r egar di ng

the treatnent of cont] nuo unt ed dat For exanpl e,
standar ds XPetBer gant Et‘jd‘%f]é%‘ ﬁggt 6%%"9@ g‘ﬁi—fq g’é)%asorl dle." As one
exanpl e, alseahage, neitk mmsmyacbeonmnsaﬁe:reedt'brddedn id viatriesynof presently
CRITY! D0 ORI aTPRL 0 NI G QRBEALL Qi o Uofion SLALYIS IR pbuLLLer 1 equi re
t he subj ec Fearam ree o CI< guests'in t fe queue 108.
Anot her exarplregef (e"gdrl e‘f oop@ehtienal h'éharﬁ’o d\N@jVRr | srea%@rignedarmy of

pr ocessi ng 108,oblies SubiAGLs Shanage) gk URARdphbe GyAGl@8ets empty of any

wor k requests Tor the nmedium oregoi ng characteri zatiaon of "idle" may
be defi ned MYNERLE] BEPHr SPreAHPRYC of 23 FePTeltYo MEPRTY nefrdger ReY6, ERROM,
subsequent cgperakom) spestfdaQatsktopagiéi (¢ 2 ng cot-hewj rmaref,ao¥D108igetal Al so

in step 402 the or e nanager 106, r ecej ves |n ti

" SW tcﬁ- medPE &GN {:@? éjcaﬁjeg\?m%gﬂc%ﬁ - O!e\/‘entr E)n’lrlayr csglﬁz:ﬁg?%t %{'%n? uture

ti me- of - daypeaeipyraedbm ofcladingedigistbrageneteat trawmdissiion védihe system
100, or ot %%]a c8ﬁﬁHﬁ£8ﬂ&f‘orP%%%aQ£§ Mréﬂéesstomgeq MBN3gekaldfe As

expl ai ned ow, Sw tch-media events trigger the stora%‘le manager' s
renoval / r eSRREEHBARE 9T iR IHATSBELYN Nt SR REAF AT eadgRlec ARFERRGE iRsht s may

be uni versalahzycaﬁpkigebé@fﬁv@zel bbj 660t ddHEUPoyipiDedt Btbrs kolagguawsi a, or
di fferent swh g events may be defined for different ongoing storage
tasks. Sté&y° 035 i it'dtve the storage manager 106 recei ving

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 Segquence 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
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swi tch-medi a events by initial installation progranm ng or constru? @ﬂg
by input froma system admnistrator or other suitable personnel ; 005
interface 1Q9, The switch-nedia events are preferably sel ected to occur
with suffici 8h® "% &fuency to substantively protect agai nst PCT/BRI0LS
accunul ated data while still avoi ding excessive allocate, nount, and
denmount operations. Advantageously, the storage manager 106 is prograrmed
such that the initialization of step-402 fay be repeated in order to
change any of the initialized paraneters, such as the definitions of idle,
switch-nmedi a events, etc. As an additional, or alternative feature, the
st or age manslgeren 060 dagjchibed-aboive, abhd ebroparhéchl ytlynfireroatept 402 by

updating ”%f@’%ér%r OBBSEaﬁ&{saQ:%n%lggEéh%F%&H&%mﬁ?r? %ngse%ar%ggt ers

ref erenced Stor age mana After 1nitral 1on, the storage
manager 106L4@g tof Ghei Ftomoe siingssoded? Gnathspasihive chhereshquencent 80 occur s

(step 404)..d oﬂdaetar6§@fﬁt@f<%rﬂ%lcqﬁadsm@dh%@aa SV&PES Rertinent to the
process 106a (per, initialization step 402) 1s assuned_ t occur. At that

time, the s‘?’&ﬁ%’énﬁaﬁébe?ori"ﬂ’é“’é%‘ﬁ&ﬂkg‘%’bw StF&rta&angﬂ;\HCh I88i §2p? ocessi ng
to automatistddage ardie and demepinted eadhsstiitnttedswytimistiadentnt age

medi um t hat ervici ng t he process. 1 oned abhave, '
oot t ohe redme g on PLoa o taie Mt Be et raip el Lob BRI 88ar ri val
of predet elreplrmmemease&qmnaa maotlaakblemer occurrence of a system
event in the storage manager 106, etc. As an alternative to the
task-specific switch-nedia event in this exa uni versal sw tch-nedia
events may B @&Equgage 499 ikgEmsndrneleR ﬂs%p?#)lﬁgef Bhe afforeght RALRYRYT v

mounted medigs ileqandlesszad ﬁé’@%r@ﬂﬁb'@Hé'&'ba&ﬁneﬁtoéﬁséorﬁﬁrnﬁgdslﬁt ep 404
al so recogni z%e%ofjﬁgrced sw t ch- nedi a event, whic curs when a system

adni ni st r at™ P SLMAER G5t Et or FNmriFEmRA) € of %IE %rdtshérgt BF L s
manager 106cd ovhiem bi atersye umulmnxdlqaalﬂflé\ﬂARSZOGlalH\O'Oméb'z’ﬁ%xample,

PCT/EPOl/O%?%ﬁDrage 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 all
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



- 15 processing. The system adm nistrator may cause the forced
-switch-nedia event, for exanple, by entering appropriate conmands wizh MAF?UUS
interface 109. The forced switch-nedia event effectively deens a
switch-nmedia event to occur imrediately. After occurrence of a forced

swi t ch- medi a“/@R7724 t he storage manager 106 may conti nue REI/EPIHENS4E he
predefined swtch-nedia events designated in step 402, or these

swi t chnmedi a events may be cancel ed dependi ng upon the needs of the
particular inplenmentation. Responsive_tg switch-nedia events (step 404),
then the storage manager 106 enbarks upon a series of operations to
automatically identify, renove, and replace each continuously nounted

st orage W(H@Egnhﬁléﬂile;mrmmersmlemmmédﬂ,a tevenswi by hiverti s levi@staUbsieion -

di scussi on _concerns the pr [ e -1 he storage
manager 106 SEKETRHRY et er eﬁg%%@ y‘b ﬁtn85§é|£ #%65 ted storage media
mount ed t o ssiméndstnatrer or iokderl1sgilddle \M@@Sensabhvxﬁad:lh@ dngeséaed cing the
ongoi ng tQr agey, _-raqce re, i e

perform an3s/l ?\Nap%o%era |é§{1§{éd§%déz?&p§%&6 Epe:eg%ﬁg}sw Sgele%t%gﬁgt%c%l\%alt t he
next swi t chwivbdsafdieirnt |Freghendyi \’/‘essmallizveélb prRYiaste agaynebnt i nuously

mount ed ”Edlo%sssﬁfvh@&umeaﬂ%p%%ﬁ wHOBa, stihenabbed siPrage szmpager 1. 06
proceeds to consi der first one of the nedia in step 408. This storage

medi um becddiesatfe m%‘tﬁtr'er?tnd SEBPERe %aﬁ?ﬁ‘f’nﬁs di scussed in the
expl anation of FIGURE 4. In step 410, the stor age manager 106 determ nes

whet her thg}dglérrgsgt li ragcl%fe bggnésma'l" 16%51 d‘dc; a.mlm%d ?Ilatged in the

initializa £he  SuF ren orae
st orage mardgér tLGGlnm&brmlanneﬁl Bt s )3 m@Ysmtmaié&da'lyl @{)‘é‘?—‘étl on,

where it dif RebAgt repf% %Oﬂﬁhﬂﬂaﬁféééﬁgjal:gmé%gréo sciemma@t thbis storage

medi um and nount acenment storage ne gstep . For nost

appl i cati or@flﬂhélfﬁ@@l%éﬁ’é-rﬂ FEHEERRALia CYRBEPL UBE anAér’rﬁPy st or age

Step 414 My e per T L e S0 At TREY ALt wﬁgﬁwﬁféﬁ?@?ﬁ? applLsat i ons.
y i cati
102- 104 andgt PFr bt algEs 188@ ‘B'I‘% %ﬁ’ Sro? ?rhe‘mgpﬁ’lyl 88$$

102- 104, thdeﬁlotrryaasp@fl%mwﬁo&agehcetv’eﬁrhmgmhagfbhegm ageamabager 106 to
performth a ticular). In the case of the
%g%%ggg&&t rgacée 43568 mérﬁadef} Rl

processes nspar ency e preserved by using a different
processi ng thread (net shomn) of the st orage manager 106 to performthe

sequenge 4(}&tfee5 ipaflaof ztiem, 41he §1|51§a‘réijhe0ﬁ1ﬁ@@g€ﬁn‘lﬂg@rwa1@:@| Fﬁtel nad y
suspends a uture stor tions that it wou r A perform on
behal f of t%fe thesge ?h%‘fato% ‘“@%Fﬁeﬂ?djs—‘t‘ ST Age SR E T Ohe uﬂ% i thé) SWi % th-medi a
operation canplpetesnt Tenansiespenswbbchragedia evant ppeerinend thetearrent

medi um s Ogc%%'c%%s Qéé‘gfqéla%‘&it%&ﬂ?é{ b St é 455'? 5 AAgmegBpgger 106 in

step 416 a whet her ~al'l ™ conti nuous nmedi a pertinent to the
current swiadhrnedhh %tt%etbéeﬁt%%%g% é%;ﬁnbm gs 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 106 to initiate switch-media



414. 1f not, the storage manager 106 consi ders another continuously nounted
storage nediumin.step 418, naking this the "current" storage nedl Yy 2005
thereafter returning to step 410 . (di scussed above). In contrast to M@?

f or egoi ng sequence step 412 is perfor med if step 410 finds that the
current stor 3(5%0 dumis "busy" conducting a Read or Wit BCHBRY/AS#HN on
behal f of an ongoing storage task for an application 102-109 or process
106a-106c. Nanely, because the current storage nmediumis busy, the storage
manager 106 in step 412 schedul es futures perfornmance of a swap operation
for the current storage nedium Scheduling may occur in various ways. In
one exanple, the storage nmanager 106 waits until the storage nediums
current Read/odbiskéngperiid aystehl ydeomistetageor hayataidertiexagpked t he
storage nan Lnl its for e nt . Re i ratlo to reach a
non- destrucst%‘?’\%e ggt‘%éfne‘% a‘fte ?oﬁ%%&%fe B t%g?&{‘)}r"g Efé%pm nt- @ Bef ore
per f or mi ng quagﬂepwettter’réta dnterfage MR ZOG‘BGV\DDO%QM%I&EP@U 09548 -
17 Some ewémlteéfeécweqrMbﬁtgeaswmm&ea%né@ewcw%cueonpl etion of a

request in progress, reading the end or set files in the
current reddngdigEele. o&efrf@trl Bﬁcué’E%nce 'th ﬁr Seé‘é@dvﬁ‘tltFCrh'ﬁteﬁlﬁP geensy, the

swap oper atghen siBYade madRigfedr N6d ﬁéy ecforptqmteetb Ngorhdre ﬂreaagi te@@'@ﬂﬁk%d OI w]9r k
a I,S 0S rom

before gracefully reaching a sto p0|n at i ch
t he currentswrlegg %? AR 9 eijFP‘ F% wﬁ%h Sor §SFH thh resume
wi t hout er thdlaAebéxetat( oy e lcannenekesiarpmﬁdung upon highd aﬁedlssoﬂgtttéle medi um

can be int r'{qtcﬁgar\l\i F{}Iﬁ% tg%&gg any data or pending requests. As a
different alternative orage manager 106 may estimate conpletion

time of the Read/ Wite operation that is causing the current mediumto be

"busy, " an%e%%ﬁgylr@ td)esfvfﬂrc&‘ia%él@fexﬁé}?tss"@@eﬁp%@)t' %efﬁt tt:Bes‘é‘éﬁég"@t ed
conpletion tine, fixed tinme thereafter. anot her approach,

step 412 W%@FFVE@@ ?Wﬂﬂf’cﬁp?ﬁeab‘ij%‘ve&r P\#eoﬁ’.iﬁaﬁliez‘-st dCabort the
Read/ W i teatmematte@lmattdemmyevemcbm tahel euplesd esdDcageinecusmy from

bei ng idl e, the di rect the drj derm nt th st ge um Such
an abort |ﬁ‘§’t‘ﬁn 8 ﬁ t”i‘fﬁ%mp&tesrit} u%}é etﬁ"rg-‘ﬁi’ ﬁ’ﬁnfqbf step
412, or af merdlaoaeentlureietmdnsnuaaidny @ricewne obipd exb:romesusf 10ke . c UFlrwent
operation. ; Alke e 4 ’stggggéoxyéﬁa{beer‘lngpEQﬂé EATEhd:0 t3kER 416, which

IS explalne above tinent” continuously nounted storage nedia
have been @@IYSFBEF@HH%F&YpF@@%%dS’C@t% ZegiarBRRfiT &S CRPSCEIMER i on and

accor di ngl yarigtdr meotmgt ePed@dsutlo Madiila hee bBevienig Liket ehgoety a event.
OTHER ENMBODI VENTS Wil e tsgte foor egojnétg%di g[%I (r)lglgre shows, a_nunber, of
&f °FRES| i

i | | ustr at i v T8FBotT Htht> I 9eapsarert D those
ski |l | ed i npeygogmt amhastwaparotaemett:wamgmchﬁ@emawlJceattum teoantepet Made

herein Wtr{%urawgﬁl?afﬂ%%xftr %théﬁtﬁ %equ enthe 1ENMENd,QReas1deiined by the
appended cl ai ns. _Furthernore t | ements of the invention may be
descri bed dk’épéﬂH%% any contlnuously 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. 1In 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 110-112 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



2 2 MAR 2005 WD 02/ 27724 PCT/ EP01/09548 in the singular, the plural is
.contenplated unless limtation to the singular is explicitly stateg.
Additionally, ordinarily skilled artisans will recognize that oper JiMN%mm
sequences nust be set forth in some specific order for the ur pose of

expl anati on N2 2fning, but the present invention contéﬁﬁﬁgﬁggﬁﬂhrious
changes beyond such specific order. 2 2 MAR 1005 -19 Cains 1. A nethod
for managi ng renovabl e storage nedia in a data storage system including at
| east one nedia drive, conprising operatg ans of: the systemreceiving
designation of at |east one switch-nedia event; and responsive to arrival

of each designated switch-nedia event, performng swtch-mnmedia processing
conpri si ng:stiegeAt d fzaynpamersoomadesoediad ¢helyi aveustanspaureheédtbothde nedi a

gghrfﬁugasﬁ.%;gﬁgﬁggﬁaggﬁngggghﬁﬁo§té¥6%¥%s%§5Eﬁegiiééfﬁ”gzﬁ“EHe 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). 1In the case of the processes 106a-
106¢, transparency may be preserved by using a different
processing thread (nct 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 all continuously mounted media pertinent to the
current switch-media event have been processed by steps 408-
414. 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-106c.
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.



for each continuously nmounted storage nmedium issuing instructions to
performa swap comprising demounting said storage medi um and nnuntigg MAR 2005
repl acenent storage nedium where the swap operations are conducted So ag
to be transparent to the ongoing storage tasks. 2. The method of claiml,
where: the sWA®HRAdi a processing further conprises det ectSHEPVE busy
status of each identified continuously nounted storage nediunt the swap
operations further conprise, for each continuously nounted storage nmedi um
havi ng a busy status, delaying the swap.173- The nmethod of claim2, the
operation of delaying the swap conprising: issuing the instructions such
that the swap is perforned at a nondestructive break point in storage
activity calenageiawrlassyisiaternediatphetapphod rofindlsailmc2pde he del ayi ng of

the swap cogBhbstfihn [0F a~kbBE 4T HRGre880 ré%ééﬂ&A%hgogﬁd'g¥)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 non-
destructive 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 all 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



estimating conpletion tinme of storage activity causing the storage nedi um
'to be busy; and scheduling the swap to occur in relation to the eski rrm@a
conpletion tinme. 5. The nmethod of claim 2, the operation of del ayi & 05
swap conpri si n(g: suspendi ng storage activity causing the stor/gl%e medi um t o
be busy, iss8YRYF Hétructions to performthe swap operati ofCTER¥E
resumng the storage activity after conpletion of the swap. 6. The nethod
of claim1l, where the operation of issuing the instructions conprises
directing the instructions to nount/denbnt machinery. 7. The nethod of
claim1l1, where: at |east sone of the designated switch-nedia events are
specific to certain storage tasks; responsive to arrival of each designated
swi t ch- nedii@ dhensingekani theo pdusedr bgecandsplehed errds yiing tepéeat i on

i dentifies §f @pa0e i ABE & cioNtdxipuQust vy mutad t g8 Del dmdig, drives in
service of the certain storage tasks.” 8.. The nethod of claim1, further

conpri si ng A PAELAY stitRd Spddepna el its§o9R B cErp s \iRedREARARA i nput
from an opaiaifuehcedntuste HRORILY ok BRI B4 Gomenkbeal £ st rSWot-Cclihsedi a
processi ng _i ndependent_ of artr.i val gf ]ge i.gnat ﬁ}q sw t ch- nedi a.even%s. 9. The
met hod of AHPHCE, Ot nER T IS BHE ¢0° r AE hER RS 5P ARVSR R ng

i ssued suchdnitampi hees wey ioper ahbogss dreyomdnsdebt spedtifie toordelre ongoi ng

st orage tasks.



10. Asignal -bearing nedi um tangi bly enbodyi ng a program of machi ne-readabl e
~instructions .executable by a digital processing apparatus to perfor @} MAR 2005
operations [ R " ~LIBE]04471. doc: edg 2 2 MAR 2005 -21 for nanaging
renovabl e storage nedia in a data storagel9ystemincluding at |east one
medi a drive, the operations conprising: the systemreceiving designation of
at | east one _sw tch-nmedia event; and responsive to arrival of each

desi gnat ed s2B¥- nedi a event, perform ng switch-nedi a processing _
conprising: identifying any storage nedia continuously nounted to the nedia
drives to serve associ ated ongoi ng storage tasks utilizing such

cont i nuous! yl.mount Admethdi afor anzhagmg reamivablendtorage usédia ipunidath stofygageystem

medi um issuing instryctions to performa swap.conprising denmounting said
st orage medi um andmﬁ]l'}aﬁ’tgiaggeaét qnéﬁli‘eél&"eﬁli%% C‘%‘PB‘E%@%O a'ilQRﬁOfV\h_ere t he swap
operations are conducted so as to be transparent to the ongoi ng storage

tasks. 11. The nedi um of claim 10, where: ' .
the system receiving designation of at least one switch-media event;

andresponsive 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, where the swap
operations are conducted so as to be transparent to the ongoing storage
tasks.

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 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:

[RALIBE]04471.doc:edg



the swi tch-nmedia processing further conprises detecting idle/busy status of
-each identified continuously mounted storage nedium the swap opergj IMARS005
further conprise, for each continuously nounted storage medi um having a
busy status, delaying the swap. 12. The npphod of claim 11, the operation
of delaying the swap conprising: issuing the instructions such that the
swap is perforned at a nondestructive break point in storage activity

causi ng the busy st at us.csi@atimhecompldiion tmecofistordge, actingtyd ehusing)dhefstdrige

swap conpri sing: I At tion tinme of storage activity causing the
storage nedi umtoqﬁéed"giﬁst{’/;g:ﬁ’%i (¥ \L[BE] 04471 doc: edg 2 2 MAR 1005 - 22
schedul i ng the swap operations for the nmediumto occur in relation to the

' i tinme . . . . .
estimted conpletion 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.

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. A signal-bearing medium tangibly embodying a program of machine-readable

instructions executable by a digital processing apparatus to perform operations

{R:\LIBE]04471.doc:edg



14. The method of claim 11, the operation delaying the swap conpri sing:
suspendi ng storage activity causing the storage nediumto be busy, ZPWRMS
instructions to performthe swap operation, and then resum ng the storage
activity after conpletion of the swap. 1521The nedi um of claim 10, where
the operation of issuing the instructions conprises directing the
instructions to nount/denount machinery. 16. The nedi um of claim 10, where:
at | east some of tiemanagingsaneevablsstarpgnmedia iy date stosrge sypisni including at deastai n

storage tasks; r es&%%%dgﬁﬂﬁ‘?%%a%@gpﬁ§. nélf?%gési gnated swi tch-nmedi a event

specific to a storage he i ration identifies storage
medi a continuously nmounted to the nedia drives in service of the certain
storage tasks. 17. The nedium of c]Jaim10, further conprising the data
storage system detecti ngtﬁasxsaff%wem& Lgnatigmof 4t It aresviiich-eda SYSY: andnd
responsive thereto, initiating the swtch-nedi a processing i ndependent of
arrival of designated switch-nedia events. 18. The nmedi um of claim 10, the
instructions to perfor mresponsixeto apealef eapls desegnated ssdichemedia kvertaerfonmingnap

operations are non; t ' t ing storage tasks. 19. A logic
N ARRURMER hE olsthe A 2GS

circuit of nultiple interconnec tal |y conductive el enents
configured to performoperations to manage renovable storage nedia in a

data storage system i ncl udi ng at. | east one mad({,a drjve, the operatjons
conprising: [R \LIBE] 0447 I entiyyng agﬂétorage 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,

where the swap operations are conducted so as to be transparent to

the ongoing storage tasks.
11. The medium of claim 10, 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.
12. The method of claim 11, 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.
13. The method of claim 11, the delaying of the swap comprising:

estimating completion time of storage activity causing the storage

medium to be busy; and

[RALIBE}04471.doc:edg



2 2 MAR 2005 - 23 the systemreceiving designation of at |east on3

. sw tch-nedi a .event; and responsive to arrival of each designated 2 MAR 2005
switch-nmedi a event, performng swtch-nmedia processing conprising:

i dentifying any storage nedia continuously2mounted to the nedia drives to
serve associ ated ongoi ng storage tasks utilizing such continuously nounted
nmedi a; and for each continuously nounted storage nmedi um issuing .

i nstructions to performa swap conprising denounting said storage nmedium

and nounting a repl ace or age_nedi .where the swap, operations are
conducted so as to be trrfs g}tril%dégﬁ%??e TR ﬂéeq%hoélgﬁhbthft%?ia@ tot%‘gﬂg.m 58%0,& Bat a
storage system cahpestsaatel comjleti®atthe.one nedi a drive; at |east one item of

data storage media renopvably nountable to the drive; and a storage nmanager
programmed to nmanage the renovabl e storage nedia by perform ng operations

S sing: L g i i £ . gui.t ch- medi a
compri si ng: fuhe Sysimert Mhin1 98] RLIAMeiRlmb SRA cOfiBr N

event; and responsive to arrival edch desi gnated sw event,
perform ng sw tch-nedia processing conpri sing:

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.

15. The medium of claim 10, where the operation of issuing the instructions

comprises directing the instructions to mount/demount machinery.
16. The medium of claim 10, 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.

17. The medium of claim 10, 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.

18. The medium of claim 10, the instructions to perform the swap operations being
issued such that the swap operations are non-destructive to the ongoing storage

tasks.
19. A logic circuit of multiple interconnected electrically conductive elements

configured to perform operations to manage removable storage media in a data

storage system including at least one media drive, the operations comprising:

[R:\LIBE]04471 doc:edg



i dentifying any storage nedia continuously nmounted to the nedia drives to
serve associ ated ongoi ng storage tasks utilizing such continuousl )Zm;qm[mj
nmedia; and [R ~.LI BE] 044" | .doc: edg 2 2 MAR 2005 -24 for each

conti nuously nounted storage nedium issupRhg instructions to performa swap
conpri sing denounting said storage nedi um and nounting a repl acenent
storage nedium where the swap operations are conducted so as to be
transparent to the ongoithgsystest sgeivingsdesignation of af deast eneoveitgh-mydia evant; and
conprising: at |least one itemof data storage nedia renovably nountable to
the drive; and first neans for exchanging data with the renovabl e data
storage medi a when nountrespohsivé bearpival ¢f edch desi gRedsswitthtnédih edertBsforingig

managi ng renovabl e stgragdg medi a. in the storage systemby: the system
recei ving desi gnatS"i§ngReed PIOSESSIESRBPEMINE: h- nedi a event; and

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, where the swap
operations are conducted so as to be transparent to the ongoing storage

tasks.
20. 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:
dentifying any storage media continuously mounted to the

media drives to serve associated ongoing storage tasks utilizing

such continuously mounted media; and

[RALIBE]04471.doc: edg



responsive to arrival of each designated switch-nedia event, perforn}'?gh
. swi tch-nmedi a processing conprising: identifying any storage nedia AR 2005
continuously nounted to the first neans to serve associ ated ongoi ng storage
tasks utilizing such continuously nountedyqedi a, and for each continuously
nmount ed storage nmedium issuing instructions to performa swap conprising
denounti ng said storage nedi um and nounting a replacenent storage nedi um
where the swap operations are cdordeaathedortimuassly anbented atspge emddivm, id3ging

ongoi ng storage tasks. 22. A nethod for nagi ng renovabl e storage, nedi.a in
a data storage system i ncl udfSHgCUuens| &, fRerigps ﬁeg’f'aé’ FPMPESINg o Agpunting said

operations of: [R ~L[ BE] 044¢rgRCime@iieh ard sndd¥ing U0 veplacniche st¥adceMedium,

S
recei ving designation of at |east one switch-nmedra event; and responsive to
arrival of each designated lictacthe swap apesetions arpearidoetail ag as tol bectnanspatient to

processi ng operations conpri gg' Ld ¥ling any storage medi um nounted to
a given nedia drive in serv:ﬂzée ld§ndS%z;rt§1 %)%llkl{z}t ed ongoi ng storage process by
conducting data storage operations dictated by the ongoi ng storage process
and remai ni % contjnuously nounted to.the given nedia drive despite and

0 {f z%/ﬁetsys,tem, comprising:

peri ods of r agés fHAS0F

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,
where the swap operations are conducted so as to be transparent to

the ongoing storage tasks.

22. A method for managing removable storage media in a data storage system

including at least one media drive, comprising operations of:

[R:ALIBE]04471 doc:edg



for each continuously nmounted storage medi um issuing instructions to
demount the storage nmedium nount a replacement storage medi um andiZ AR08
the service of the associ ated ongoi ng storage process utilizing the

repl acenent storage nedium where the swapsoperations are conducted so as
to be transparent to the ongoing storage tasks. [R 1Li BE] 04471 doc: edg

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 operations comprising:

identifying any storage medium mounted to a given media drive
in service of an associated ongoing storage process by conducting data storage
operations dictated by the ongoing storage process and remaining continuously

mounted to the given media drive despite and periods of storage inactivity;

for each continuously mounted storage medium, issuing
instructions to demount the storage medium, mount a replacement storage
medium, and resume the service of the associated ongoing storage process
utilizing the replacement storage medium, where the swap operations are

conducted so as to be transparent to the ongoing storage tasks.

[RALTBE]04471 doc:edg



