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DATA STORAGE SYSTEM W TH SELECTI VELY TRI GGERED TRANSPARENT SWAPPI NG OF
CONTI NUOYSOYVZRFIINTED REMOVABLE DATA STORAGE MEDI A BACKGROUNID/KI01/TH4HS
I NVENTION 1. Field of the Invention The present invention relates to data
storage systens that enploy storage drives for accessing mmmmmmﬁmﬂmMMLa
storage nedia. Mire partlcularly t he,storage systemof t |
responds to operator-specified "switch-nmedia" events by denouwbisig all
continuously nounted idle storage nedia and substituting replacenent nedi a
therefor. Non-idle storage pgegdlia arg scpegduied for |ater dempunting and
replacenent. In systems with [arge capacity nedia and/or
‘accumul ation, the invention decreases the system s ot hermmﬂm]ﬂ‘mwmm peri od
of vulnerability to data | oss while data gradual ly accunulat@% skendi ng

e

medi a saturation and denounting. 2. Description of the Relat Art Wth the
i ncr easi PATATSTORMGEe SOTS TEM: WL THH ISELEFTIVELY JRIGEERED tTRAMNSBARENTI i | ar

W th arFTRrRANG SERCOUFE ot AfNefh (R ToPhRt e fand CRrdRAGE ERRA" D

expensi ve products such as random access menory (RAM, to slower speed,

| ess expensive products such as magnetic tape. Once consuners recogni ze the
i mpor t GEGBPUNBIpng?EsF5VFH319§ta many al so recogni ze the critical value
of backup storage, in case the stored data is |ost through accident, device
failure, catastrophe etc. Magnetic tape is one of the nost popul ar types
of backup stdafafeCnpdilg PAYENSAORf jts | arge storage capacity and WO

02/ 27725 gresent 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. In
systems with large capacity media and/or slow data
accumulation, the invention decreases the system’s otherwise
lengthy period of wvulnerability 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



af f ordabl e expense. magnetic tape backup style. Nanely, the or nore tapes
inthe tinge, and the storage data to tape backup. PCT/EP0O1/095.18 In the
early day@’ o@/zﬁ%kup t echnol ogy, operations were perfor mned(THEPREPHR" t ape
storage system was | oaded with one | ate eveni ng or another conveni ent
backup system was invoked to copy all source Mre recently, consuners have
favored "event-driven" backups, whichsare backups of datasets perforned
during ongoi ng operation of the storage systeminstead of at pre-arranged
"batch" tinmes. Event-driven backups are triggered by particular events,
such ag rablidedll Ofexffd | CUliRTtHd MR 1G0HRAC %ﬂferﬂacqéuf t%%rﬁm%g{éege.
transaction, user reéquest, or any other pertinent storage or processing
‘event . megaedigmiia@ ook emerdiives edleuparf ormsst iisdi'dafighd- save
oper at L@y ~ANO a i aarcIet f oupt. record
.bef or e%ggr]h?l'et ith%g{e%%evﬁh%ar%ﬁ%on, :é%pgygge%??a%r (g‘?glra\%e@(tvﬁg%aé@ﬁ ty to

r est or 8rt herisatiepecc dimttheedated teyeningpoayiad s hetratcenviendasd bastkurew
transagtian faid 4. . C ) t-dr) C I i.eved using a
i gt orthse pad dhd BRYREE R KR ek REERY 3 i

event - deEeettob&elpgpdacamrbe perforned by storing data to nultiple tapes in
parallel, by using nultiple tape drives concurrently. Event-driven backups
and batch backups both present a nunber of challenges fromthe standpoint
of tapHomanagesmitly, Pacniscmears! ynavend avaged dreglentedrtiaiend’ dafckupisent
st or age, capaci t if I . r.ef ore, backup
dataseﬁggggs% éyg%gég@%g%g}égﬁa%%kﬁeﬁeé%%?ggﬁkiﬁéﬁﬁgkgﬁ %r§P in the case of
expedi bpdrbachup odpahat istwsags sy srnent iiplse epape [dr iate prier agaalged , sone

backup,dataset s .may be read_acros | tiple tapes. Additionally, tapes
are alsgaggﬁtiﬁjmp§rge Fﬁ%cgﬁigﬁgy?a F@ﬁ @% s§§ @gﬁgg%t%ybe nount ed

| onger pahtlieudamt eveatsl,y smohc ass iangivajuest 8, partcd2p27t2me,- 3 PCT/ EPO1
/09y8 Unlike batch b%ckugjs, wh re. thetstorag%i%éstem (]::opi es d%ta en msse
duri ng“S PERGERTHaQRug SBEE ST OTEPEN T4 CkUPSTprEFEC 4 Rinber of

f urt heanghakthergeert@aentuchoragld ergeproorceing evendr.ri Oale exampdrd rat e
of the individual data se% bgpkup request.s,..which can_be randgn1and

di f fi cBft 2P0 eYFEEOF 1 V&ML LAk URR[1Sr 4 RES4 OG- Cod - Re 53 VENEPSEEEAPP Al del ay

i n theAflathegsebxhadlep ipr ahes daickupbhe talrlageavifon bhnk tapeutdti vrecard

nmount i of ata artridge one systens provide for the continued

Al 1 ocaPRERTENGORBUREIRG 6 TEMpE TCRSPENAGRe ovo R TaFTe tOc BRESEE Ry Hhe
partgpaba&ibﬁckuprégawe%tEhbnb@m& b@@?@ﬁtn&éﬁowm,t@dateagaévadﬁbnist&ator
can direct the systemt eep.a tape drive allocated and tape cartridge
nnunteﬁt?£? énsﬁééﬁfF@&%pgﬁﬁg&r@FB?FﬁéOQfF@Flﬁrocégsﬁﬁﬁetﬁésﬁést backup
requestvebidarifest beehilics are, aghikeagd s¥shems dangle dapeumbuatieape
cartrig es untih the cartridge is filled to capicit i TOdﬁéLS nggnetic t ape
technoFBg§ SFREFE (aPF PArJE - caplcPiPerafasesrt redges, c¥6RE X L¥ER ng
t“BPtY?Qb?ﬁ?¥teangbkepe@gﬁﬁﬁéﬁiQ@-s%bkhnbhaatanF@WF@udin%skbpisiﬁhrequent
arrival of event-driven backup requests, a single |arge-capacity tape
Cortr DERRRIENT BY HEGHOAUBLrE,LoBE REaHEShEPOrUEFEat TN i {5 data

storage capacity. Although this condition is advantageous fromthe
standpoi nt of m nim zi ng nount andgﬁllocation overhead, it presents sone

danger EBenHafsivges Parkresy anghRatchgPREEEPE RO TRt PRRSERtIEt BWPRSEdes on

the nognt edal 2pagesr tirbfilgeheodphadpvihl bifetappreababh¥mearge tape capacity
translates . into a higher Iikelihood of substantial data |oss if the nounted
tape cBF¥FieyéasxPer PBRcESPReERARLYaFORERISe SUFELCLBREI SROFAIRAt ur al

di sast@ipa@ley YBrBa¥eup tHehcHaliael 955rEBY B?sﬂ@ﬁnregﬁéQéﬁbké,if t he
custoner’' s di saster recover lan relies solely on the manual renoval of

2ry p
t apes }??%WPhga§F§?§§er§§§fiéma§ﬁ85§t 8r aﬁéaitnnHWbSFf ofj tePpscati on. This may
be thergptRerhOFefXaAPkBe thskhefCHgpaABEE BhEKkAPEoper¥OiBRE2¥E2nk

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,



- 4 PCT/ EPQOL/ 095~8 site does not have electronically connected, renotely

| ocated ' dupl exing capabilities. Consequently, known tape backup

appr oache %‘&927 be conpl etely adequat e due to unsol ved R¢HBEPEMESESuUch as
t hose nenti oned above. SUMVARY OF THE | NVENTI ON Broadly, the present

i nvention concerns a nethod of managi ng continuously nounted backup storage
nmedia to decrease the otherw se |engthy period of vulnerability to data

| oss whil e data gradual |y accumul at es pendi ng nedi a saturation and
denmounting. Basically, responsive to operator-specified switch-nedia
events, ntd Rous! d %TE%& t (£ d
Substi tquflce)lQEé\M th re%f ace ﬁ‘t ﬁ%%%g@? u%%%oﬁfﬁﬁgug%i%uﬁég% %?orage
medi a AESITHEHUIRG & okengtly RrRepimtsers ko repiricedehven |packapsy, a data

StOr a0, RNRLAMS SHEVES SPORLILA! | A Ofe il O BRY o5 8M LA IR event s,
,such as arrival of a particular tine, conpletion of a partrcular’task in
t he systomewyet lihrermserbfah pime jand arattomlf tilen wdividuahedatystsat etc.

The dat t ' j - j
wner cuppnfd MR & GHAR St Bndin SHF SHELERIENG Sl et oy
i n the Sipdiea admares: tcasee vef assndieadhrohgm tepttal adelansks sheh as

event - dyi,ven Lons.. T yste { 19e i st at us
of the %o isneﬁ(l?g@(%%%%e%solrsa% ersreaglila&%glroeﬁe%ﬁ i d’%{*k?est%%gég%u%%%i um
t he systemtissyuest ianstapetcants: tdgqerdauen sy Stsaep "proved dali figr de8mount i ng t he

storage di_um and ;,qounti ng a | acenent st e iumin s titution

t her ef 6°°° 4 Cﬂsagds Gt alg%rgrﬁer&{ ?O'f%ems%/scf%rﬁgs@%e%%lcﬁaﬁsere péérgformance of
t he swafte@tdompaldtying & ysdemopeaatacimy mequedt y tIn ggee conmencenent
of the ,swap _operat.i ons. WO 02/ 2772, -. PCT/ EPOL/ 095, The for.eqgoing
feat ur g TSt SR ARG i O T (b 1 et NGV eyl o,

t he i nwentdeap racdre idgplwrerillestdtedrand deape e hod dge mecageed afdt nuousl y
nmount ed renovahl e data storage nmedia. |In another enhodifrent, the invention
oy be % FHEGHECH B bV A HE AR AT AL 50 SRS oyt erm
conf i gueeheat .destiddredndst etdndidriorsag thg-opnts yrioansd Ydoraad ed renovabl e
data storage nediia. In still_ another, enodi nent,. { he invention may be

i npl en@r‘?t“lé’gmtto RS Ggieas BJég:rlilnrcE[L}fFed:i rtlaf#b‘? R MI% a program
of mackiapergigadabl e i nstructions executable by a digital data processing

apparatus to nmanage conti nuously nounted renovabl e data storage nedia as
di scussed herein. Another enbodi nent concerns logic circuitry having

nul ti pledawer eerpratied wimetiddald W porsifsty ereaterenige cagdgited t o
manage .conti nuously nount ed renovahl e data stora di a as di scussed

her ei n.taRfe GARFEHAYSS af T TIYLEGEE SWERYY DSt i net

gdvint mgza&qbﬁﬁxfim't@‘ tne ﬁztaliﬁiUnt @ toees 3%l yof i iefrd ot s e i Ant ed
ackup ia, the inventiaon helps mnimze resource consuni ng operations
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operations of an application. Unlike prior agp_r oaches, however, the

i nvent iL&§ BerkeniSiO 388 GRRAE 1Y -datd Hadgh ERGEHGE eti a are

aut onabideahits gdemeu Fresh ittt SHsidpdid of lidiew Al acwgaraiess of
whet her the nedi a have reached their data capacity. Deg%g{lt d storage nedia
are t hélePsed 1oPe OF St a%n\ien PRS0 Balme slapass &€ g 0'?5Such as a

fire-pragl1§ontaienalencdftf «f tteneoGal Wilcteldat AREHIRIL VIS the t he
swi tch-medi a operation nmay be invisible to the ongoin syg\?]ira e task
o

associ BPEB LR r2PRe COREFIY SeHIR L Sth& iithy &t SPPRSE d3Rfber of
ot her adyaklages rang1keref iinto WhingRhehoulikdla nrRRREN tsulystaritie lf ol | ow ng
description_of the invention. , , )
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, 1f the customer’s storage



WO 02/2772.t - 6 BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ EP01/ 095. 18 FI GURE
1 is a block diagram of the hardware conponents and interconnections of a
dat a st or W§2&J&Hem according to the invention. Fl GURE 2 i RCEHEPMESKSdi agr am
of a digital data processing machi ne according to the invention. FIGJRE 3
shows an exenpl ary signal -bearing nedi um according to the invention. FlGJRE
4 is a flowhart show ng a process Qeqfqrning sel ectively triggered,
transparent swappi ng of continuously nounted renovabl e data storage nedi a
according to the invention. DETAI LED DESCRI PTI ON The nature, objectives,

and advanta sofna@%we&iéeﬁ%a\@%ﬁg%;gg&gg%ﬁapp@ém&e1 L00ggeaki I ed

in the art after considering t ed descrlp?i
‘connectduml ei iy tGarakicbhipeyi ng dr awi ngs. HARDWARE COVPONENTS &

| NTERCONNECTI ONS | ntroducti on One aspect of the invention concerns a data
storage system which may be enbodi ed by various hardware conponents and

i nt er c@omesstdumTs; 1w thhawre exeerpiache mprieszechdsduan FOGURE 1. The system

100 in ) ar A 0] . Qu plications 102-104,
dat a s?(?;ﬁl g'ee’?ealg Ia}ﬁ gtsL pr gcgl?%etéo &%Q%ﬁ%répﬁ%ﬁég-%%%gs%és o‘?%ge devi ces
( DASD) niEt ianrcedredicvealri ves 110- 112, nount/ denmount equi prent 120 to

sel ectively WO 112/ 2772

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 wvulnerability 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.



PCT/ EPOL /09y8 coupl e renpvabl e data storage nedia to the drives 110-112, a
wor k/ request queue 108, and an operation interface 109. Applications The

st orage s?@FBEVEﬁO i ncludes one or nore applications 1021RCT/ERKINSUGh a
greater or |esser nunber nay be used. The applications Z02-104 conprise
application software prograns, conputer workstations, servers, personal
conputers, mainfranme conputers, manualg y. activated operator termnals, and
the like. The applications |102-104 represent application prograns that
utilize the storage nanager 106 to store and retrieve data using data

St or ageRY &id, AR P A S agey BOARS T NGB Y 14 g m.%gaé}bons 102- 104

request the storage manager 106 to store data files, recor | ocks,
pages, 96 iggeant t 1S wh QU pOFETRkS st i g Vet Ma6 Rkarries out the

appr opri t ; i i r |l e
P or apa ISR o WHERK X MPhdll 00 flifa gt Thrlon il By ASEREES
pr oces FeForEdd el Ot g rtarade tredir. stBr apothermgerbadignemit the | i ze

storag i.ded the ariwv T p serve its
oun opdrReniREr i KO Sl fiierecly o AL O B Shpd i Pt oas Vg

mount / derfeu st coppareats watem ebmibidier ed |as ade ser dped hewsin chewluct ed on

behal f t | i j - 104 e - y_ supporting
"conti ﬁl%ll?glll ;?/l gﬁo%l%rrljttggﬁos or%g‘go&n%decg 6%%f§£%§%ﬁ%%%ﬁg‘?cﬁ%ahumer and
utilizan etidfl dmotder] HuikPinarie priesdrtefien nay dpe tgskenénted an

application 102-704 qr. RI.OCESS 6a- 10 i ol eed to store
dat a, gﬁd%trﬁérq‘ ant i Lididl e Qn n?eéil m%%&@%teﬁéﬁ%gna application,
t he st prageamardyarachifhermesirrlid yindiatudionasxedutdlzlee feyiaa whose

nount i rsis t hroughout the comnl eti,on of many distinct,, eventdriven
file sggrgﬁggio&t?r% ipgr?sc%s\ﬁltl}g tHE %rrogr%tl%%u%%g%%?i Od}tjtrh%o a remains
nount eghoium takl iremeatabdre afatfaitatrersde meghl avaa K, dieserns sderhetesimssoci at ed
storage_task does nat have an n2/ z~~2~ -. PCT/ EPU 1 /W95, ~fi work
2t RO RROTERE SERCHITERY (AT ok Sk SRR A R Y SR mount ed,
for exarmtlescomhlddt aceadiotgidal IS¢ Ctrcagmdcstalpae:' idMemety agmﬂbgmmil fﬂ'dﬂe
storage manager 1Q6 conprises conputer-driven, equi pnent capabl e of nmanagi ng
oper at FBREURT CHRtERCE Bah e (T \ROTARG Cafts SHeCHAS TS 106 may
be i mpherenise@dohexeday.i ety of different hardware devices, such as a

personal conputer, server, conputer workstation, mainfrane conputer, etc.
Furt hernore, the storage manager 106 may even share conmon hardware with

one or Tﬁ%%n@fentthgnamﬁﬁo&aisi s L%rﬁ)%t% ai’:lrg.fin&férf idd:f eﬁagtﬁlrﬁ:t the storage
manager may CONnprise a cqomerci a avai |l a roduct_such as an | BM
brand BEVARERTESt y FSTofXGENisTag ﬁgpﬁﬁ%ﬁ%rﬁﬁpé’ﬁ’fr&ﬁcal St or age
ManageeohBEaMBs Ty RioRshiteld bHME ofadia,MRgenvidfich ¢uaped to a
renovabl e nmedi a work/ request queue 108, which coqgrl ses one or nore digital

dat a sPéR4FE 28eFRSOUIGR A ML (ARFL RS MlFhéS fed separately

fromthelstatags ERGAGRAIDowRit Adumeairal et tiRarnemw t Namkley wor k/ request
queue 108 contains storage "jobs" awaiti r;&tperformance by the drives

11 0- 11¥emPyaphe Stegsgealiiedisn HaMadn Mmanrdiest d¢e Sehvsgec It udes

vari 0U§tB§:Q§@S§§§r&Q@@nL~0@E- dhepyl itdesenr owrsses HBako6e, for exanple,
may conprise a backup programthat creates various backup files upoan t he

medi a 8PP¥eaches.1povereran the nvaition tHOWHA&FH SFRRAFTHR Fey I
i npl enepkadpasanre @horhReedrdiGatdren s ukdakd4a 10iK i dnrraidd isgat | ons

102- 104, the backup programinplenments event-driven backup operations
r equesERR§tLhEtREd WA thr Dgs Mera Fedeg ddiesite HadgFhedpitde dredat a on

rendbvaRhgeStehagedmRded rMildtiae ¢ difts .dr i uhtdl ko rdyavndiildh@ire
applications 102-104 and ot her processes 106a-106c as di scussed above, the

- backuptpesgfareniyeesntprpeoavienisns repovgds fp7a safe location,
such as a fire-prcof 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.



_ g _ PCTIEPU /U15~8 reduction of nount/denount operations and nedia

all ocation operations by utilizing continuously nounted storage nedi a.

St or age DWP@Q@Tﬁéch of the media drives 110-112 conpri ses PETHEPONPINS t 0
conduct read/wite operations with a data storage nediumthat is renovably
attached to the nedia drive. As one exanple, the drives 110-112 may
conpri se magnetic tape drives such as (1BM nodel 3590-El A tape drives. In
this exanple, the storage nedia conpriSe renovabl e magnetic tape units
housed in cartridges. O her exanples of renovable storage nedia include
opti cal a i Oppa ~adi Sk storage, or other appropriate
technol%%?gg.gﬁggﬁg#?%ﬁguﬁg gﬁrgggﬁﬁh$ﬁe system 100 may al so includes

aut omat ed nount/denount equi prent 120. The equi pnent 120 serves to nount
tapes into the drives 110-112 and denngnt Ea es fromthe drives 110-112. In
one exalpFERE stichS equP pREKL CHEFTBR BroviEe aEQW§ésaFamE°esPFﬁia§@ | oader s

or ot heinegdptOAREEL] 668! ok0acaghadst¥@agkNsg8eLhehc8¥2HPhE, tbhenequi prent
120 may be provided by a robotic arm or other conponent with universally
access t@venilieRives 110-112. As an alternative to the nechani zed equi pnent
| 20, or in assistance thereto, a human operator may perform nount/denount
operations. Operator Interface The system 100 al so i ncludes an operator

i nt er f 2EECURD, 2 yse e bylackydiagraiinPhi 8t dhodEadr dathepragganingerator to

CO”““”iﬁgéﬁ}¥@t£bé$¥h§£8r@8?t§@”§ﬂ$én§9 n. Al though ordinarily skilled

artisans w recogni zé“vari éd i npl énentaii ons of the operator interface
109, sone exanpl es include conponents such as a cathode ray tube (CRT)

noni t or Lo al _dj t ' : :

Comput F R Fidianraah Bndlact ThannTialRlihe el CELFH] ko
etc.), tioécenveMA&)2/2772.1 - 10 PCT/EPOL/ 119S.t8 recognition devi ces,
audi o speakers, eye-operated pointing devices, etc. Exenplary Digital Data
Processi ng Apparatus As nentioned above, the storage nmanager 106 may be

i npl enert GURE N VES | HUSLEWERBrt AShorengxanptecesbepstosagenganager 106 nay
conprise a digital data grocessing aggaratus, as exenplified by ihe
har dwar¥e tfFpbYehy st ahagehedr chRAREPRERRT oF WRRRIRY oP T af CBL BUPTF-BLEsSi ng

appar atmpsurdOéd of efid 3#Ee 2data 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



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

ot her processrqg machi ne, coupled to a storage 204. In the present exanple,
the stor YR I28UW24# ncl udes a fast-access storage 206, as welPCTEPOHBIN®| atil e
storage 208. The fast-access storage 206 may conpri se random access nmenory
("RAM'), and may be used to store the programm ng instructions executed by
the processor 202. The nonvolatile storage 208 may conprise, for exanple,
one or nore nagnetic data storage disks such as a "hard drive," a tape
drive, or any other suitable storage device. The apparatus 200 al so

i ncl ud t e ghetic
l'ink, Q§mgnﬁérrnéﬁ%§¢%;d£ e %?%% §§$&%%%n§%.gaiﬁgﬁggé%a%gb f%% her

har dwarioesf reqis st qrueiee abpr ;Aand AWEPEespion imeexhreef1e9f or egoi ng
description, ordinarily skilled artisans (having the benefit of this

di sclosure) will recognize that the apparatus discussed above may be

i mpl emdinEdidatipnmchi ne of different constructlon W t hout departing from

Lhe *coBf Lrdlitd MR of S DAL (s PTRLE, 898 gL Ll gompanent s

on- boarloDQ,halmrunBﬁsca ROK tar @vekew@vrrumb@xtmmdté yagedt heTlappar at us
200. MD 02/2772 P / 1/ 095~ cur contrast to the
di gi tal p(?aetlcap 100&5533#012 cgrl)-a n? 1t & S&PLQ%P %{‘%ﬁ%$e?ﬁ%?r%%bdi ment
of the acm;mtamrwaﬁeﬂ:d‘ug:rm,crsmérq/, |prsrtsamhlofccmpqnmes_ exaitwf egne
par t1 oot PRt r SRR oF T SR TS SRR AR, expense.
toolrngxkﬁusfﬂﬁnmppﬂidaﬂ«nnsrmaz4xqﬂcrepnednnﬁrqﬁgmmﬂﬁtﬁbﬁnpxmgmammcting
iy | Tt A o T S P P S G e Gl b et W T NS,
i ny i it CMCS,
gTL Vllc&ta @:rsma_ptdfaara aahd:@drr]dea aarmg]tamucé hm tHe hﬁomdgeermag/@rshr ncl ude a
igita rocessi,ng ,chi i scr uitr such as
oo s orneii, s G bt TR SRR iR g e
progr amwaolte> mearcraa:;a (fﬂl%ﬁA )reqﬁmm,armajﬁr@ | g gesr raary daﬁA ), and the

i ke. QPERATI ON Havin crlbed the structuyr features of the present
vt AP SRR (S G 24 TRALER § R S e AHE b

descri lz@q;roﬁﬁlmret iqeited saabﬁ’\é&;e tdree et etk aspieni tfe tOPSD MVENtamwdy dnvol ves
the operatio of denDuntrn contrnﬂﬁfs&é unted Jidle storage nedia and
subst i t’iﬁ“lé’é’ |C8‘¥é1e58élaﬁr(?"ﬂgl%\fedl 1 tTHEY cont ext

of FI Géfi%ol,besuﬁré drveidiad gryediesd gl centost ifrtde@AMi e, thy operating
t he storage nana er 106, g enbodred b g drgrtal dat rocessrng appar at us

200, t& & 2 Gt ez ¥ AT Bfese

I NSt r uGidignRs mM-eae Qlﬁld A i10us, t ypes of signal -beari ng rredl a. In this
respect, one aspect of the present invention concerns signal bearing nedia
tangi bl y enbodyi ng a program of machi ne-readabl e i nstructions executabl e by
a di gi tie) MR dHeRQASA0r D el andd vl h ol RIS i G| rmmrsétsbf@g@t ed
renopvabl e storage nedia jin favor of s bstltute rredla, é) 2/2772.1 - 12
PCTI EP@ENES5.1 8 Ufh e Ys T AR L7 MO et Uity QRGKF GBS 135 e, RAM
(not  showalca4ARkAIRRE W ildHd dIRIEHU A BRI J&Ghasgshraseted by the

fast-access storigg 206. Alternatively, the instructions nay be contained

i n anotfe 14y Rad/isEamnes A, L Qe Ghre &mmqrctld%& a G RO SKet t e
300 (FhiddREed) sHor@eld YneRiid NdiNedily, 3980 o R PIAGRSSOTrarkd?2.

Whet her contained in"the storage 206, drskette or el sewhere, the
i nst r udtEidig akdPnh @ fs Cariae Sort 10 Vidka retih o P LAsEMGR Ao A AH1Qr a8 Lasor age

medi 8, QUGN a%niRal HIRES AR &e l%oc&scqm@ll'%?% wihaf dulr i ve,

r edundant array of "I nexpensi ve di sks or ot he ASD type devi ces,

. magnet IQRICARE, NERSC oo it Tee £k e yatrrrabrﬁm/ q@ntglty IQCE\/IdEEFR@@ EEPROV) |
opti cale3iahagRs0§ storsdPHROMn WdHi ¥R ordl Gl s tofld fllmdrdRfdy  PRPer

"punch” cards, or “other suitable si° albearlng neéia |nclud|ng digital or
anal ogﬂtaNa@mOészortl’llﬁdltél%ut@Sd@ izt medis mbosendoMtElngss. | n an

i1 1ust tx‘s‘i%t%m?:?r% Fouctf {Hee d éﬁﬁtﬁ@ﬂl c}dﬁhﬁn ’i‘ﬁf*&] frf‘c?éjaté\?e:wﬁ rHCt' ons
may coinprise softwar obj ect co co ro anguage suc C,
etc. driven file storage operatlons With the continuous mounting,

the media remains mounted in anticipation of future storage

work, even when its associated storage task does not have any



Logic Grcuitry In contrast to the signal -bearing nmedi um di scussed above,
the nmet hod aspect of the invention nay be inplenented using |logic
circuitrfWOMFEWBdt usi ng a processor to execute instructi OMSI/ERM/OPHBS
enbodi ment, the logic circuitry is.inplemented in the storage nmanager 106,
and is configured to performoperations to inplenent the nethod of the
invention. The logic circuitry may be 4 npl enented using many different
types of circuitry, as discussed above. Overall Sequence of QOperation

FI GURE 4 shows a sequence 400 to illustrate one exanple of the method

aspect h Layent i e [ t w_thout any
intendéﬁgf%n?%gﬁﬁgﬁﬁé?%ggéxaﬁgpg E?ﬁﬁﬁgﬁéﬁg;yiégggggbi%ggr% etﬁgd% nt ext of
t he datmagtoengn neOrPedp77or- ex3mpbey/ ERD1L/ DO6ch8ngy stemstdtadescr i bed
above, §§5€@PE§ particularly in context of storage operations conducted by
i nternal 'procésses 106al06c of the storage director 106. Broadly, the
sequence 400 responds to operator-specified switch-nedia events by

examlﬂégbggg q@gﬁégggusly nount ed storage nedia. |Idle data storage nedia
are de tituted with replacenent nmedi a. Busy storage nedi a

are scHhéukl stbfage demmagéer ny0 &ndomepl aeeneonpatesodnidsnpegutpmablte. The

sequence_ 4

begins_in_step 402 ere Lhe or age nager 106 is
L AR oo diaAe e PR F et ok e EhEB e s TR ARE At ate s 18 age
medi aalm. emfmlaoﬁé@fldaamgafeleetma% be mpn%meﬁteﬂagg mdsdiaugwlewal :cfi es
as "idle." one exa e, _a storage nedium na e considered "idle" if it
'S not B SRR e E e SR SRR s Or VBT 14 BRErabbnCOTPHE st at us may
furt hersgegit I ecdniipuitsetbd) st k gedt Uon | ombin £ &re ofompyt 80 Ke@E . requests in
t he qu§ye 08. Anotq§{ exangle of "idle" ecifies th no work i s assigned
for pr GURTHTDEN NS bf GERSE LBFaREe RelT B TaH TSR SHRtE TOBRPE enpty of
any wortda ¥degies twil fiororidieo meld ten o 7 hiehé odeeDl gt thas aco2+1eati opsod "idl e”
may be defined b initiallgro ranninqpof t he i@ rqge manager 106, or
SubseqERAC o AGTRIR | FICat FOREE | MFB3FGE t FAS [ PR Br FRBRE 168, 3t c. Al S0 in
step 4QGbmridieidIAgsrABNAIEE JOSAECECSVES APt i lgpahdnDatsw t ch- nedi a
events." Each switch-nedia event may constitute a future_tipe-of-day,
expi r athidgit loft i aRage HanagrreRemUubEGHetT | P r ¢heCay sPERF2ED, or ot her

OCCUI I @G et eErEMshdly) oGO AgeTHRNSESFaddnafisg&X Pl a6ned bel ow,
switch-media events trigger_the storage manager's renoval /repl acenent of

cont i nFEWRIAE hdithtte R 2P L S eda el i kiR 3t mayewe LABvebRarhy

appl i calnfp i el briod muews | &1 FoLel edh 54 of Bgien fediiavi@és dbf @seat
switch-nmedi a events may be defined for different ongoing storage tasks.
Step 4GETHEFUGRAINET {2 % the RECTIRE cteRPeR roke 1eR therborede2.1 - 14

PCT/ EPQahdf3S.1%, or integrated therewith. The work/request queue
108 contains storage “jobs” awaiting performance by the drives
110-112.

In the illustrated example, the storage manager 106 includes
various processes 106a-106c. One of these processes 106a-~
106c, 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



designation of the switch-nedia events by initial installation progranm ng
or construction, by input froma system adm nistrator or other suitable
per sonnel WOV¥2{R¢ interface 109. The switch-nedi a events HACE/ERGOEHEDI y
selected to occur with sufficient frequency to substantively protect

agai nst |l oss of accumul ated data while still avoiding excessive all ocate,
nmount, and denount operations. Advantageously, the storage nmanager 106 is
programmed such that the initialization of step 402 may be repeated in
order to change any of the initialized paraneters, such as the definitions

of idl 1 = i N : : i QN .qr _al Lve
featurSr,G%E.g{;%pﬁgeﬁﬁgnggggmﬁfg%‘ﬁngééggerlgﬂlgnlgitl?aﬁgegég ‘agr%tot%hgc}%j y" after
step 40pdyatuboiasily wekbLigiog cohsinupusdyemovntadnstigrake fieddgoi ng
paramnmeters referenced by the storage manager 106. After initialization, the
storage manager 106 waits until one of the designated sw tch-nedia events
occurs $toeaadQAYiveés t he present exanple, a switch-nedia event pertinent
to the ce 6 Lnitialkzati 4 LS med, to occur. At
that IR o0 ERerub8Tha Pt 00 Ba, RORESRCRery BRRREREL Sh-ed &

pr ocesstompumt axk addwr thel gpeeabienanditbphadeteashoregti nedishy theunt ed
storage. nmedi um t.hat | ervi.cing,the_process.106a. ,As nentioned aboye,

o L oh o Y FRbAERER e phEcRPRRE G LTR o 26oRPE SHERBLE At Rval of
predet edmriwvees 110l l2xpayatonprbeamdgneticoteper dnteesf sachyasedB®vent in
the staora 06, etg..As an - _alternative.to e task-specific

s t ch drh TOSHEHE TAPE SkifBre. IR pRrSarxeWPien. haa SCa0BRES mmy be
def i nedpedid ggeiipigs @edémosaBDpi ngghetial tapentthbbsusbyseaunhed nedi a
regardl ess of .the appl.jcation o rocess served. Step 404 gl so,recognizes a
L or ced A ki 1R e, QLRT B PROTRL R GECRRESTRENS 25 CoERum Hati Al SRELEGR o

ot her ststiieia bpefddt Dfe MMOABS | Yeahpeet Smafre Bl Orageknanagesel 06rt ethakti ate
switch-nedia , WO WU212772~ - 15 PCIT/EPO 1 /095.48 processing. The system
adni ni SRRAEBE IR ¢ ?ha9t8Fced switch-rmedia event, for exanple, by
entering appropriate commands with the interface Z09. The forced

swi tch-npedia event effecti veI%/ deens a switch-nedia event to occur

i mredi lQuRt/Denounty BaUipment ot o forced switch-nedia event, the storage

nmanagerThid G yEert od & Nikey t 91 HoNdficlhige Pr eeedhaesd smbteh/ dedbanevent s
designated in step 402, or these switchpedia events may be cancel ed
dependiSF- I He heedtR o STREPPRRE i %%E:?e]ﬁ’ﬁﬁ eFr%n‘f‘%‘tlﬁ}‘/Bnta?%§pbﬂ§Pve to

swi t ch-dedid ienats1 SI1EP 404) dehbent t fepss of fge tREageiva861eobarks upon a
series of operations to automatj cal I%/ identify, renoye, and regl ace each
cont i nJGUSANE FIARRYE st EY S HRUPRRRT | ARY hRe PEQBhieRxakpFeParake
sW t chriegha- ieupntl degler s db B CoEEeéPNe §ONSRENS 1HE€aDr B6es8cA08aivdhusinin step
406, the storage nmanager 106 asks V\hetrf(lr)mr}lhere are an gonti nuously
mount e FRYGYHY AR £ Mot cBARPBERT ot 2 AIPAY dP® VRECTA8SE18Y Bhere such
nedi a DAY i B NEL 1068 Ot Bifip 614 & BOR1 £ B SIS1 Pér PEDTESEcdO68. tbf anOt ,
there is no need tojh?zerformany swap operations, and step 406 returns to
step 4(954”{"(?%1%(_{"]{ - neXxs %‘N?%ﬁeﬁ%ﬂ?h"%v’éﬁ_’ltth?fm?%a%lﬂz%‘ése@‘iﬁpli??tdo
i ncl ude 28Ny (FONt NS tYa Mo Nt 186l FBS|) aasl@iﬂ!arﬁlgoéé@a@éﬁcﬁé% Bg&Bgorhhen the
storage manager 106 proceeds to consider a first one of the media in step
408. THICANS/GlaRpaliHe AIRRN Bet@R®s the "current” storage nedium as di scussed
in the explanation of FIGURE 4. In step 410, the storage nmanager 106
determ nes whether the current storage nediumis "idle" (as "idle" is
def i ne@BeFalar (InteLIacaton step 402). If the current storage mediumis
idle e shAtase MNadeso 00 PeIdOrad spdEthdr "SePrfdceW gN-wesia”) .
operation, where it directs the corresponding drive 110-112 to denmount this
+ st or ag®Yméd SR tEAd SRR SL AR A ceRth et JHERAD RRRIANYSLED 414). For nost

appl i calhi@h®ri date RERIGEENL @rﬁma/g]&pnﬁde.t Ut 1 8o @SR r &1 R4 DLy
medi um The swap operation of U2/ 2772. 1

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



- 16 PCT/ EPU1/ 095~8 step 414 may be perforned so that they are transparent
to the applications 102-104 and/or processes 106a-106c. In the case of the
appl i cati\gﬂé’z’%@4104, this transparency is achi eved by usiP¢J/EM&0&H®r age
manager 106 to performthe sequence 400 (and step 414 in particular). In
the case of the processes 106al06¢c, transparency may be preserved by using
a different processing thread (not shpwn) of the storage nmanager 106 to
performthe sequence 400. As part of step 414, the storage manager 106
internally suspends any future storage operations that it would normally
perfor d - a tslﬂé/mg rr - | til the
SW tch[Pme .lgla}ﬁlé%ec?naﬁ%il%éﬁpl%é%%is? I's eslﬁésl'pe%o én)ll[ny %’??%r%‘ﬁs”?brg ent to the
“curr entdeidiagd sstohgoi ng storage task. After step 414, the storage manager
106 in step 416 asks whet her all continuously nounted nedia pertinent to
the current switch-nedia event have been processed by steps 408414. If not,

t he st dixemp lreaiadiirg el Raitta dRrecessine rArratd ttugpus| y nounted storage

et ur iy 0 S DU o o S i e O 3, Y A gy

sequenday wrEpukl Xamngper fAg mete | dxaueie 4 1ithd | sitsradmtmdimgenr T @mtmay or age

medi um j s "husy" c ctdn ead or W.ite operation on behalf_of,an

ongoi n R 5b;ég% até:{slllllqdj;toarl a‘%a%pgf ita %solhngl - %rfto]‘fs’praoscees)%e j:116.3(3)60.

Nanel y b ybextau $m rdwe reau ra e o rsdrolr sa gen dreich i d enrimestyd, ortsheo Bt tthiea gl gittsaper 106
in ste 12 schedul.es future perf n p operation for the

ur  enPiabt PR SRR T RRARRIH () ey G (2 i L bus ways.  In one

exanpl e, the storage nanager 106 waits until the storage nmediun s current
Read/ W it e operation fully conpl etes. In another, exanpl e, the storage
nmanage 'hf0§ rtagufsorzotlane%&‘}rur REFHFRTFF %@r’atq t%° rleach a

non- degfiictobirtsesstireiore ditdier Jraye I8 P indEchine’,breealp i o' def ore
perform.ng the _swap qperation. WO 02/2772.1, - 17 PCI/EPQ 1/09y8. Sone
bl SO o 0 &6 GRS o AT Jerol e SCFRGR A SR isRIost i n
progr ess fakeadictesheterd@ 204, |8 welletasohdnvAstind atdgemog ead or
wite g er%tion, etc. ' To proceed with m ninmal delay, the swap operation
may be Tp&r 8Isﬁ-’§d"_c§@§e°'r 55&1‘&19& izrpge_ R |GRHR" 1aifo ™ WTIE e ry

gr acef YMREMPEFC RindY m yS LRPRISEH RY Htodle WHL Yy ddd g imsirddimdde

current read or wite operation, and from which processing can resune
wi t houf¥&FPged Rybrté‘z% HHAGRSIE fdtfdestife Y S tine tsdgq%fal%q P& he medi um

can bemaRt ebippties W0 Wxdrsid)g iy e @ medtie RaueStoraife a _
different alternpative, the stor,a‘llge ,nan%% 106 nmay estimate conpletion tine
u

er
of t he RE&S WHiChe 35 atiede HaVSrs CadSRfy AHE ufe P Yeditfih t o be
"busy, 'suardpleheddrageerdearimnce e tHipa3brinLPOMAEIYy aindliriastdnmat ed

conpletion tinme, or fixed tine thereafter. As _still _anather approach,
step 412pH§f°é’ézﬁu_$elzaoi'n§t%tastﬁe _ Fise o -eylf%e&fav&&}atgrfeﬁew
Read/ Wiih&, 0per aithe? hiedind ¥ eRN it ddid C woerl SxmaGRydTREHaM from
being idle, and then direct the drive to denount the storage nedium Such

an abolithnethedt ReF IWayF EXJiarddl mrediig @npaFsdiiscaffencenent of step
412, or after some tine to nomnally allow conpletion of the current
operation. After step 412, the routine 400 progresses to step 416, which is
expl ai Héapasaéhe\m&ﬁ%ffcpefmwgc&%%&@E%n@m@&@{%f e a have
been capsidahed (RREiRGOERSS BdneTlieP ol & HigC RIS ulrid)s wiandi ti on and
accordingly returns to step 404 to wait for the next switch-nmedia event.
OTHER ERBOBRIVERTSIGN [CEer ROPRFREYs K SHUSSIEss GPOVEnERY &ehunmber of

i 11 ust Eaph ¥Rearaadiifeal ma@h ihke oMEHARNt (cofistirule izpRarnarihd t hose
skilled 1n the art that various changes and nodifications can be nmade

- her ei nARPEREGRIAEFIM LRG Prome RE $&Gpd nFRIHON Ny &t PoSPRASIddG ned by t he

appendegdafbakls o_nEU'btfh%h@Drc%mE%HeﬂQ‘égQO@,e@‘@@t #a9f peh@1iiRveniteer) may be
descri bed or cl ai ned WO 02/ 2772-1
furthermore, the storage 204 may be provided on-board the

processor 202, or even provided externally to the apparatus
200.



- 18 PCT/EPA /(115.18 in the singular, the plural is contenplated unless
limtation to the singular is explicitly stated. Additionally, ordinarily
skilled aVPi%3A2+4wi || recognize that operational sequencePCHERPEIEt
forth in some specific order for the purpose of explanation and clai m ng,
but the present invention contenplates various changes beyond such specific
or der. WO 0212772.1 - 19 CL Al M§ PCT/EPOL/095:48 1. A nethod for
managi ng renovabl e storage nedia in a'data storage system i ncludi ng at

| east one nedia drive, conprising operations of: the systemreceiving

desi gnat i,aB ~0F 13tk ¢ one switch nedia event; and responsive to arrival

of each—ggsrgnareg—sgﬁﬁch-nEdia event, perform ng sw tch-nedi a processing
“conpri siingcongenasitf fion§hanyighdedgedaread paocestsimgo agppp nadms ed scansded medi a
drives rv ' d I tar t ALz uch
'continu%ggﬁg’n%u%@ZggkgéﬁaF%gggl&%P%eggﬁgggn?%%%8%&P§ éﬁ%%%é@ggfbrage

medi um ciissuitgyi assteed ofs conppeefroercgudedp insiprictiiogsdémunt i ng sai d
st orage. i n t a_repl ace t s edi ...The net hod of
ol ai m 1R R A e E 9B C A8 8 g PR R ST S88 det ect i ng

i dl e/ bupgrétatlsrofregadiremgantsi bifedheonpplicasipnmonttéed streasge firedi um

(e, PR SRR, S ERRSLYT LB SRR, hfl B3890 MUY UL o coe

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 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.



3. The nmethod of claim2, the operation of delaying the swap conpri sing:

I ssuing the instructions such that the swap i s perforned WO 02/ 2772-t

PCT/ EPOL/ 9428772420 at a non-destructive break point in RCVEROYES| vity
causing the busy status. 4. The nethod of claim 2, the delaying of the swap
conprising: estimating conpletion tinme of storage activity causing the
storage nediumto be busy: and scheguhkgg the swap to occur in relation to
the estimated conpletion tinme. 5. The thod of claim2, the operation of
del ayi ng the swap conpri sing: suspending storage activity causing the

oper at DAL wihb L o dt il hERLs "MaLnSbhHE Y LR BREMBATLREI IB8s: ¢ e
swap. 6shdume) nevhtadinédcvathil, thhestorhgeopenageonlof,i asuing the
e o8P 5PN 52 b PELLDM- R BEBEUSK: OB8 LoATRUBIEIUNY
swi t ch-tieeli ngveutsione mpgcbéi cohdatredain ahothge bagkal-beaedpgnsi ve to
oV epghy sachudhsianat s s Lehed! By suent SEELELE HAgR BHATARe Lok,
the nmeddp, diivestin seryhdérettlheaceesaiblst byaghet pgksessor 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 signal-
bearing media including digital or analog transmission media
and communication links and wireless. 1In 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 - 21 PCT/EPOL/ 1195-48 8. The nethod of claim11, further
conprising the data storage systemdetecting a forced swtch-nedia i nput
froman OPROHRGRY and responsive thereto, initiating the ST{EPRIAES a

processi ng i ndependent of arrival of designated swtch-nedia event
met hod of claim1l1, the instructions to performthe swap operation

s. 9. The
bei ng

| ssued such that the swap operations f5e_non-destructive to the ongoi ng
storage tasks. 10. The nethod of claiml1, where: the swap operations are
conducted so as to be transparent to the ongoi ng storage tasks. 11. A

si gnal -heqrdng @@d&é@&f@@gabwo@g?g?ﬂ% "flofe PhDE 284 oL ITC RL NSk ERYADI @

i nstructl ons executable by a digi rocessing apparatus to per
“oper at idhss toragareRe rat tenpvepnducted doe hebeEnah Rroaeasssol afe-

east one swtc a even

orm

syst em

el udifngeato } east o gpgl &y ALLvgy 156 OPEESLASDS ERUPLLSHBGC.! Bosystem

recei ving designation o

and responsive to

arri valrefparath tesirgea torsswechi hedi swebehtnegeafevenng bwi t ch- medi a

ot he b o AL Rt 6RO DA S L ARR T AU EE, BRI

ol ng°storage’tasks u

gounted
I zi ng

such carttdrage sied im At e ddenoliat ednand osukatht ebadi wiblust gphpcenedt st or age
T U S S 5 LU O L £ELL T 00 SR CRIDT b PRI URR 9 521 d

g a replace
replacement as soon as practicable.

storage ne

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 1098, 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
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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 106 to initiate switch-media
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switch-media events designated in step 402, or these switch-
media 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 switch-
media 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 110-112, 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. 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
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Contimﬁ¥5%égégﬁgufﬁké§3ifﬁoé”%kown) 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. 1If 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.
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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
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purpose of explanation and claiming, but the present invention

contemplates various changes beyond such specific order.
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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,

ilssuing

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
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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

conprising:

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.
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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.
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the switch-media processing further comprises detecting

idle/busy status of each identified continuously mounted

storage medium;

1

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.
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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



10<< 10<< 10<<! C7!'10%<<& ()-cdEr$4 1fs&l0@ 109& () - @% 10%& ()-"10%& ()-f-
109%&' ()-S@ 109&' ()-ysl1l0%& ()-fZavVK@ 1fs 10 10 10:S

109&' () - YOPBFIOOR' ()-2z, 3 1098 ()-S110%& ()-S - @ALOY& () - PCT/EI@IS8

1f sS10%&' () - SS10%r&' () - @10%& () -!s& 109XX&' () -

M 1096=58& ()-ZM 10%r&' () - Zf dEVK@ 1f s@0@ 10%& ()- @ *

10%r& () - SYd0%r& ()-f@910%r& ()-SsL19%m& ()-Ss 10%m& ()- Normal " "Heading
13]c" "Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Headi ng
63] c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph

Font. )AL RO gk Pranse I AGIKL L) HADODSEELUYGRAS( T 1150

@\nGLRUZ] df I t 6Ti nes w RomanAri a urier w'h Root
“Ent r yWor dDoceerRipE BB g1 " #39&' () *+, -./0123456789: ;
<=>? @ABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ | ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

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
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utilizing such continuously mounted media; and

for each continucusly mounted storage medium, issuing
instructions to perform a swap comprising demounting said

storage medium and mounting a replacement storage medium.

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.



