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When additional DASD storage space is needed, prior art virtual tape
systems identify the least recently used virtual volume maintained on the
DASD, and copy that least recently used virtual veolume to one or more
physical volumes. Thereafter, that virtual volume can be removed from the
DASD. If additional DASD space is needed, the process is repeated.
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FIG. 2 is a perspective view of a second embodiment of Applicant’s

data storage and retrieval system;

FIG. 3 is a block diagram showing the components of Applicants’

virtual tape server;

FIG. 4 is a flow chart summarizing the initial steps in Applicants’

method;

FIG. 5 is a flow chart summarizing additional steps in Applicants’

method;

FIG. 6 is a block diagram depicting prior art methods to write a
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Host computer 390 comprises a computer system, such as a mainframe,
personal computer, workstation, etc., including an operating system such
as Windows, AIX, Unix, MVS, LINUX, etc. (Windows is a registered trademark
of Microsoft Corporation; AIX is a registered trademark and MVS is a
trademark of IBM Corporation; and UNIX is a registered trademark in the
United States and other countries licensed exclusively through The Open
Group.) In certain embodiments, host computer 390 includes a storage
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storage media comprise magnetic tapes housed in IBM TotalStorage® 3590 tape

cartridges.

Device 160 comprises a library manager. In certain of these
embodiments, library controller 160 is integral with a computer. Operator
input station 150 permits a user to communicate with Applicant’s automated
data storage and retrieval system 100. Power component 180 and power
component 190 each comprise one or more power supply units which supply
power to the individual components disposed within Applicant’s automated
data storage and retrieval system. Import/export station 172 includes
access door 174 pivotably attached to the side of system 100. Portable
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Such second information storage media include magnetic storage media,

optical storage media, electronic storage media, and combinations thereof.

Referring now to FIG. 6, using prior art methods the plurality of
virtual volumes 610 stored in DASD 310 (FIG. 3) are written to plurality
of second information storage media 620, where that plurality of second
information storage media 620 comprise a single “pool” of media. By
single “pool,” Applicants mean that even though each of the identical

physical volumes comprising pool 620 include an individual volume serial
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storage and retrieval system having a second location, where the first

lJocation differs from the second location.

Referring again to FIG. 3, virtual volumes that are frequently
accessed by host 390 are maintained in DASD 310. Therefore, at any given
time a plurality of virtual volumes are stored in DASD 310. In order to
make DASD space available for new logical volumes, periodically one or
more current logical volumes must be removed from the DASD. Prior to
removing a logical volume from the DASD, that logical volume is first

written to one or more physical volumes. This process 1s sometimes
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If Applicants' ) o
In step 420, Applicants’ method generates (M) identifiers, where (M)

is greater than 2. 1In certain embodiments, (M) is greater than 10. 1In
certain embodiments, (M) is greater than 20. In certain embodiments, (M)
is greater than 30. 1In certain embodiments, (M) is 34. 1In step 430,
Applicants’ method assigns one of the (M) identifiers to each of the (N)

virtual volumes.

For example, in the embodiment of FIG. 7, (M) equals 4. In certain
embodiments, those four (4) identifiers comprise *1”, =27, *37, and “4”".
In step 430, Applicants’ method assigns one of the (M) identifiers to each
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I'n certain
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earliest time of last access is assigned an LRU ranking of 1 and the
virtual volume having the latest time of last access is assigned an LRU
ranking of (N) with the remaining (N-2) virtual volumes being assigned an
LRU ranking between 2 and (N-1) based upon their respective times of last

access values.

For example and referring to FIGs. 4 and 8, FIG. 8 comprises a
histogram for virtual volumes 610. In step 450 Applicants’ method assigns
the LRU rankings shown in FIG. 8 to each of the plurality of virtual
volumes 610 (FIGs. 6, 7). In the embodiment of FIGs. 7 and 8, virtual

volume 712 has the earliest time of last access, and therefore, is



accessed. The virtual volunes in the each virtual

vol ume aggregate having the earliest tinme of |ast
wa@ewessiiepnpri se the LRU portion of that aggregEGB200B/003557

certain enbodi nents, Applica és' met hod mai ntai ns (N)

timestanps for the (N) virtual volunes, where the

(i)th timestanp conprises the tine the (i)th virtual

vol ume was | ast accessed. Virtual volunmes in the each
ass¥iniddlah NROl paRkiagosPgat ¥ikavdiingoldre 228 haesthel Lawstariye of
lasEOMelsg‘e a%ﬁetﬂé?gf&cgt b on<Qf iddabn a9 £OALRy Jruisher in

step 450, Applicants' nmethod assigns each of the (N)

virtual volumes an LRU ranking such that the virtual

volappeitsmps hgreathed usge|d @3uralilie Of TRAEATrsSabt#88p 450 to
truASsie)Bach afirtRU vemkenggo@bgdteand drherU \dotrtlad. vTHesaefactors

ch@a’é ng: &g | ?:Ltnﬁﬁgtidnnet}fg nl.uﬁ%tr 8f Q.@ﬁx?eciu%n@ iaQB@éjseanv:Lrtual
I anki n

r.emai ni n viri.u
vor s e B s et ek T RS Sep oy Pt LRl che
aval NbLLibaoEdseqsar HHErratiespEOrrIe MeRhs thF AmgSRE of space in
theafesSinfariiesionFotoreyamedeummeedat goriny vixthkhbGsioldmes, and

theal[]:Q(e ot |sgl'ne &nﬁ@%ﬂtﬁ@ﬁn@ ttHeStrPJg.’rL@ﬁﬁ ‘ffdlﬁzmwafgfgbl@éate will be

vol u n st 450 Ap Ser | NS ste ]
tru.{l aet EERB') rmaeﬁ'i:(l ngs S excleedFtﬁ'@ ggﬁ}g eg%h.boxfdl ﬁé&g rci tep 475

plurality of virtual volunmes 610 (FIGs. 6, 7). In the
enbmdbran#60fApEl Gsant?’ aredh®d prpvides| a nigrahigy74D siaend
inf%%tgat/@%g |15it%§$.gé nBa®: Of tx@%@g@&ﬁlegﬁbodaﬁdnﬂsheﬁtﬁfrﬂe&oaids VWO
N .
L8 i TRl 3010 5P Mg e
Giskf, TRGRACISCEARSE; 0 PhOrEFor 7 S AL GREN TERCLREFCh Second
infoawitiog sehradde meﬁmllnchldlesbpmahmtOm% madlpﬁ el jasyCRHfDVD-ROM
ned &C 8y SD-Romk Q@dﬂéocb%\bpmﬁl@ﬁﬁaﬁ&ﬁh sHer tLited. vol uBBtain

enbSHHGEAT Sulif A &5%9%&&9%)05}90%% g& oaﬁcluidecéllég@mmc

I mtat e nu uent % Flash
stoa%q,eegg@@ IRFdaPe & GRTAfESSHR A M‘Fﬂ‘lﬂa. B FETHRY. Flas
PROMj restrpaquifdasint suartgediagendedieumket-he avail ability of

second i nformati on storage nedi a, the anount of space

pt,ee f IllfétAgFPI%@t | %ghg‘c%%E? s”ﬁﬁ‘é e &?ee(iﬁg fd@ﬁtlflers of

'steg ?ﬂﬁ%'ﬁ% PaR | Pnehe miar ey o sss?ft?nén%%a\a&]g% SR -

Thuk [ liﬂC&E@d 4% @ pReichksbaeehya exeand the pbbanffephysical volumes.
criteria used in step 475. In step 460 Applicants'
nmet hod provides a plurality of second infornation

Storaae e 8. %,%hlcsnésa' ae%%]oggeﬁayéne UEN 3ECWGteria. 1n

i nf Of Mt Poh St 0 e nedi a 1 nclude nagneti c storage
cerpaidi grisngdhertss, rragfrxet‘”% inglades, Sﬁ%&}ﬁ@ﬁ AipHPEs tragdey Hdze
(*mrsHe. Appleesdtai RawNedidTenits itsUc mos ecimrdef ikt @rtmabi on
pren C[g;yagg%ngegbﬁa kRS Wder QRt | fAlumSt YRE5atRdI 37i8HEN @81ume
aggregates larger than the MTS are premigrated and stubbed. Virtual
volume aggregates smaller than the MTS are not premigrated or stubbed. In

certain embodiments, the transfer criteria of step 475 includes a

specified time interval since last access.

In step 480, Applicants’ method determines if one or more of the
truncated virtual volume aggregates meets the transfer criteria of step
475, For example, in certain embodiments Applicants’ method determines in
step 480 if one or more truncated aggregates is larger than a minimum
transfer size. In certain embodiments, Applicants’ method determines in
step 480 if one or more of the virtual volume aggregates includes a



nmedi a, CD/ DVD- WORM nedi a, CD/ DVD- RW nedi a, and the

like. I'n certain enbodi ments, such second information
warmnagaenedi a i ncl ude el ectronic storage nedP@I/GB2003/003557

i ncluding a device such as a_,PROM EPROM EEPROM

Fl ash PROM conpactfl ash, sfar t medi a, and the I|ike.

In step 470 Applicants' nethod assigns one of the (M

identifiers of step 420 to each of the plurality of
viZ@aDN6linié Gihieh i1’ Sdt0bage afesksad fokheSspechf Sddepinkl @eriod.

If %Pii&ﬂ@gfﬁnegﬁ&b%tgﬁﬁﬁggin( %%etpr% St:hgt rRJﬂ)éséﬁ Qhe truncated

lis
Vlﬁﬁ“ﬁ#s"f"i?m% rﬁgf”é??a&es ’\i?etc 1% af 7-5&fhot |lpr%‘?1 %% 117%5 then
Aphlaeanigé smetdet prpnsi piotE niremt FEaRs £8Y 8 %“eep éOFMFB*ﬂ) continues.
Applicants have found that it is not time efficient to

pr eﬁ&&ﬂé&v@@? S_qugppﬁ.qegllltsVI hdthdl yRlinE 200 @dad @3B0 that one
or ok S Sl S0 SARLE Sl 50 YD S MR Ssceria
thegnig |s&ePt 40N APPE CRIFS 'afethedt SPheeR® @nst e t5F %Pgb%ﬂ‘g
trunRatee Krtﬁndalemﬂuemtmgaﬁeheaﬁd ansfsfereritt eo icaeodr gbep second
infbiRadiRg! ytgjerﬁgé meﬁ@gm fIl'leéjarﬁ:b.:m3 el'nﬂ&ﬁ'fn&ﬁl{s ShHC&ebaﬁO the

i cant s’ ter
Sel&ﬁtée‘%i%cateéf&tr tgal £'f uncaf’\ i Gf’ual 9}\1/eo|o§e Ak cne
oldgghreghres vRewrs (LR transfer criteria of step 475.
For exanple, in certain enbodi nents Applicants' nethod

det grgm Qeémﬁngrlz%tseﬁlélggeﬂsf 1R NpRL cdiRE€ ritertld&ﬁiﬁﬂi)eﬂrov1de
aadi¥9 na.g.at & ralga SI‘PEaC kpg rkl%St 1%&%%&( asg§£§gre ﬁlégjﬁm IDe. in

certaln e eter nes

LN
ches PRI /4BD TTOBHES GRS (f6r BT LEHS GETTAY WeRuIRgLoal volunes
theagfraegat &s thosd sitébleg VWO t260at0R1116 2PPCHLEB2008h@G335Mme or

mor%le:\/isﬁih@lloﬁm:é&mom& hf fpaS t O tf 1 bee An B6reaS 5&d st 6Fagé medium
w112pe§ol flldg storgge Q:géélglgbtyf forApeQJ h.g&frga§ vJI%L\Q&d In certaln

mnes | n° st none the truncated

emhoRinep4s \Pcﬂpﬂnh%a"éégr'%af%ftﬁﬁsetm?ﬁ% PP EFe FiPePPatosical
volghest epy 475ubt hépplinppts ceat srempeingodheseané toroneref vorhual
volsheP 480 dre AL 44D manttaGaMd AHethe Bhdremnpiuraelty off f

pOlAPQ]l‘A Caﬂéxse eger%& '%‘Bdtrﬁo%E%%@&Ss Icgmﬁztlggs Aﬁ.%@ohmﬁtloﬁ)%gaﬂilng the

truncat virtual 'volune a at es
oney PETOFEPIRFRTE) MRIENERY FRTEN™ %%PV%@&P%’-C“ volume.

met hod sel ects one of the quali fy| ng truncated
Vi ridigtey G1oreappQoéL@at astAtd rhianShers plhrdldtenet dpgical

volmn% ﬁeg Oﬂqst'Hf%h@:%f?%t%&&’&ea%dﬂﬁdhﬁere' Qn&%ﬁrt ﬁér@ of those

|nents in sel ect ed trunc

1oaF T AL e BESOrBERIE A6 nBY GRECEEAT T gD Hrane mean
wrighueshayiogiodl woluwe to LRE) or FPER sScouimafpsEs i phgtorage
medShePSni BerAAph | €&@BEENeniB] RAbsé @npraymdee sadohd iinof@mation

sto?ggé @nlgﬁlé RAnEr UL bhe of i foile ]!)lﬁfsgf:g@tvio@ﬂnét.or age medi um

In step 520, Applicants’ method determines if additional space is
required in the first information storage medium, i.e. in the DASD. If
Applicants’ method determines in step 520 that additional DASD space is
not needed, then Applicants’ method transitions from step 520 to step 510

and monitors DASD space requirements.

If Applicants’ method determines in step 520 that additional space
in the first information storage medium is needed, then Applicants’ method
transitions from step 520 to step 530 wherein Applicants’ method
identifies the least recently used virtual volume maintained in the first
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FIG. 9 summarizes the steps required using prior art methods to

premigrate virtual volume aggregates 710 and 730 to two different pools of
physical volumes. 1In step 910, one or more physical volumes assigned the
identifier ®1” is mounted in a data storage device, such as device 130 /
140. In step 920, virtual voiume 712 is written to that mounted physical
volume. Thereafter in step 930 the physical volume now comprising virtual
volume 712 is demounted and stored. In step 940 one or more physical
volumes assigned the identifier *2” are mounted. In step 950 virtual
volume 732 is written to those one or more mounted physical volumes.
Thereafter in step 960 those one or more physical volumes are demounted
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first information storage megdj um space is needed, then
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coP iRk saRhdMysisall kBBunengddii.ci ent. Applicants’
met hod, however, prenigrates the |east recently used
virt uaI vol unmes as virtual volune arge%r eggt es
method it

exaﬁ?ﬁ @mb?%mﬁﬁ%g @{amlécants 15581050 4 and/or 5

may be implemented separately. For example, one embodiment may include
only the steps of FIG. 4. Another embodiment may utilize the steps of
FIG. 5. Moreover, in certain embodiments, the individual steps recited in

FIGs. 4 and/or 5 may be combined, eliminated, or reordered.

Applicants’ invention includes an article of manufacture comprising
a computer useable medium having computer readable program code disposed
therein for maintaining (N) virtual volumes in one or more virtual volume
aggregates. Applicants’ invention further includes computer program

products embodied as program code stored in one or more memory devices,



above, Applicants' nmethod first wites each of the
virtual volunes conprising pool 710 to a first poo
woboophydgscal vol umes. Applicants' method thenPeW/GBe®3/003557
each of the virtual volunes ﬁénprising pool 730 to a
second pool of physical volu Referring to FIG 10,
in step 1010 a physical volune assigned the
identifier "1" is nounted. In step 1020, virtua
suchOh I B madndt i BaMisRY d eagidticetapk, admloltm hamkiongtille mgmory
ttgn volume
et S At el e g, g ders T er T and TR
ag%F&WVFﬁg 5 is witten to the already nounted physica
volunme. In step 1040, virtual volume 716, having
identifier 1 and LRU ranking 9, is witten to the
mount ed physical volune. In step 1050, virtual volune
718, having identifier 1 and LRU ranking 718, is
witten to the nmounted physical volune. In essence,
in steps 1020 through 1050 a first virtual volune
aggregate is witten to one or nore physical vol unes.
In step 1060, the physical volunme now conpri sing
virtual volunmes 712, 714, 716, and 718, is denounted
and stored. In the event that one or nore additiona
second informati on storage nedia are needed to wite
virtual volumes 712, 714, 716, and 718, to physica
vol unmes, then the first nmounted second information
storage nediumis replaced sequentially wth one or
nore additional second information storage nedi a
havi ng been assigned the identifier "1". In a simlar
fashi on, Applicants' nmethod wites virtual volune
aggregate 730 to one or nore physical vol unes
conprising a second physical volunme pool. The
enbodi ments of Applicants' nethod recited in FIGs. 4
and/or 5 my be inplenented separately. For exanple,
one enbodi nent may include only the steps of FIG 4.
Anot her enbodi nent may utilize the steps of FIG 5.
Mor eover, in certain enbodi ments, the individual steps
recited in FIGs. 4 and/or 5 may be conbi ned,
elimnated, or reordered. Applicants' invention
i ncludes an article of manufacture conprising a
conmput er useabl e medi um havi ng conput er readabl e
program code di sposed therein for maintaining (N
virtual volunes in one or nore virtual volune
aggregates. Applicants' invention further includes
comput er program products enbodi ed as program code
stored in one or nore nmenory devices, WO 2004/021161
PCT/ GB2003/ 003557 14 such as a magnetic di sk, a
magnetic tape, or other non-volatile nenory device,
to maintain (N) virtual volunes in one or nore virtua
vol ume



aggregates. WD 2004/021161 PCT/ GB2003/ 003557 15

CLAIMS 1. A nethod for maintaining information in one
we@eooeE6eVi rtual vol ume aggregates, conpri si NECT/BB2003/003557

steps of: maintaining a plurakity of virtual volunes

ina first information storage nmedium formng one or

nmore virtual volunme aggregates, wherein each of said

plurality of virtual volunes is assigned to one of

said one or nore virtual VSREWE aggregates; providing

a plurality of second information storage nedia;

1. i deﬂtnllét){b@%O&h&ln%gﬁ;lnPe%%tl%ﬁeﬂl %hétd&al'noi/@lx}iggual volume
d witing the virt vol urred%ggregate COITprISI ng

sai PIELRET e CEMLFUSRY SFEPY vol une to one or
noreaigeadnidio afduratitonostvérbepd Nelings I aThirsteipggmation
starhgé|mdiud; wherein said first information storage
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vol w@mfw?@r ehd 1éas)t irScdit@at @leat Patual wAUR; aal and

less than quil:ua vo?urge agg?%%:lltgnéoﬂ%r?%%gogai%aggas(t'vh:ecently

i defit |tfl %r to eac
usednyHrtiat i T UBe dragee REJTre ﬁ‘ﬁ‘if”\ﬂ;r inforgasee drorrge dredia.

| east recently used virtual volunes assigned the
|dent|f|er (j) to one or nore second information

2. O'f]ha X ? o%] of %ﬁ% gqedy%éél?nl éjaeiﬁt 1'.’ fxls%r %ﬂol'mat'fllon-r%tfeorage media

conpr|3|ng e_steps
nai ‘Fﬂ“ﬁ’Fh‘F‘??gaad’r?egfoﬁFéﬁ? SHenRYRy EHE St £ s PREATS0f sai d
(N) virtual volunmes was | ast accessed; and assigning
an LRU ranking to each of said (N) vi rtual vol unmes

3. usi mgi.q{o% Qf Eg%?.rhn f@rthlp o%%%i%aof claim a3,

further conprisin 04/ 021161
PW@EWP@O@@SY”%I V°1umes'

generating (M) identifiers, wherein (M) is greater than 1;

assigning an identifier (j) to one or more of said (N) virtual
volumes, wherein (j) is greater than or equal to 1 and less than or equal
to (M);

assigning one of said (M) identifiers to each of said plurality of
second information storage media; and

writing one or more least recently used virtual volumes assigned the
identifier (j) to one or more second information storage media assigned

the identifier (3j).

4, The method of claim 3, further comprising the steps of:
maintaining a histogram showing the times each of said (N) virtual

volumes was last accessed; and
assigning an LRU ranking to each of said (N) virtual volumes using

said histogram.

5. The method of claim 3, further comprising the step of:



mai ntai ning (N) tinmestanps, wherein the (i)th

timestanp conprises the tine the (i)th virtual volune
worm4loadtl accessed, wherein (i) is greater theer/aB2003/003557

equal to 1 and |less than or ggual to (N); and .

assigning an LRU ranking (k) to each of said (N)

virtual volunes wusing said (N tinmestanps. 6. The

met hod of claimb5, further conprising the steps of:
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usingaprsiide ANk rhiresiagps sel ect i ng the truncated vi rt ual
vol ume aggregate conprising the oldest LRU virtual
vol une; determ ni ng if said selected truncated vi rtual
vol ume egat aid transfer_cri er
% ope g’% 9? f 24| ec{Eur F UTFRREEH TG FIY Sf: |°urre
aggql%tgawlmetfse LBRingr £ un of eachr ¢k SR1Q, (N\)erJtrtHgl tygéume
agg¥eb@odsedand rt ual vol une aggregate to one or nore
SeCE?HEchEgdargggH Q@ shar agevitdiad ASshENRErtdes to include

on! denltd Ekﬁ °H;1 . The nmethod of claim1, further
doRpii ST hdt he® steps of: determining if space is

required on said first informati on storage nedium
operative if space is required on said first

7.1 nf@fm&&m St Q1a0R 6, Mkl [SetRGt icBgodiRen®ltdesitebRbs:
Vi rt Ilgggttrtaplggerhg&&eeg witten to one or nor e

secon i on storage nedia; renoving said

sel %ﬁéﬁéal@RF}“%/ltFPﬁ%ﬁte%‘ﬁfﬁea]f VBM"%%FEQ?‘?QIFE? comprising the
oldent dRFavimmastwilage nedium 9. The nethod of claiml,
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8. The method of claim 1, further comprising the steps of:
determining if space is required on said first information storage

medium;
operative if space is required on said first information storage

medium:
selecting the oldest LRU virtual volume that has been written to one

or more second information storage media;
removing said selected LRU virtual volume from said first

information storage medium.

9. The method of claim 1, further comprising the steps of:
determining if space is required on said first information storage

medium;
operative if space is required on said first information storage

medium:



used virtual volume; renoving fromsaid first

i nformati on storage nedi um each virtual volune in
wa@anod/ogdabect ed virtual vol ume aggregate that heST/GB8e603/003557

witten to one or nore secopd information storage

medi a. 10. A conputer program product stored on a

conput er usabl e nedi um having conputer readable

program code di sposed therein to maintain a plurality

of sediectird thelwmwesali mobme sygneoake \dompyigling dihgnkeast recently
useBJQiagal esluhbe conmputer readabl e program code
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steps to, ef e alm
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onergr gvoxer sereind rdlognatiaggrtegage dedtdnpri si ng: nmeans for

mai ntaining a plurality of virtual volunes in a first

i nformati on storage medi um rmeans for form ng one or

o fTor e virtual vol une ag%fr tes, vvherel n each
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s “Asyi
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virtual vol une; means for witing the virtual
stepg| tAref iRy é@%tﬂt?tmﬁmf i Fiynpresgieng €asi™r ecent |y used
- virtual volune to one or nore second information
storage nedia.

11. An apparatus for maintaining information in one or more virtual
volume aggregates, comprising:

means for maintaininga plurality of virtual volumes in a first
information storage medium;

means for forming one or more virtual volume aggregates, wherein each
of said plurality of virtual volumes is assigned to one of said one or
more virtual volume aggregates;

means for providinga plurality of second information storage media;

means for identifying the least recently used virtual volume; and

means for writing the virtual volume aggregate comprising said least
recently used virtual volume to one or more second information storage

media.



