WD 03/ 014909 PCT/ GB02/ 03450 1 METHOD AND SYSTEM FOR ACCESSI NG TAPE DEVI CES
IN A COMUPTER SYSTEM Technical Field The present invention relates to
conput er wogsemoni th automated tape libraries and virtUuaCTiGEpe/0sts0r age,
and nore particularly to conputer system access those virtual tape

devi ces. Description of the Related Art'In a nultiserver/multiprocessor

architecture, such as an IBM' Enterprise class system it is a common
practice for a storage subsystem providing one nmethod of access, such as
an ESCON "" interface, to enulate or provide an additional nethod of

access, such as the Small Conputer System Interface (of SCSI) standard.
This is done Jeeudd hARW d13%mpirok NEccRb o0 8arS URPMECR Y céRBIeDXTEeER 1] ©
servers. (IBMand ESCON are registered trademarks of Tnternational

Busi ness Machi nes Corporation.) In the case of a tape server using
automated tape libraries, this type of additional nmethod of access has
only been partially provided. The open systemfile servers access the tape
drives Vi3t Andgrd SCSI  interface. However, the medi um changer
commands of the SCSI int erface have not been, so far as is known, enul ated
andard SCSI. nedi u

or supported. Jnstead ace ?q]n % g N il mtgcpanger
comands, the Tlo ST o5ys éerﬁ’e e léeera\%sf SstSwour o have 10 1ssue Perform

Li brary Ft@ﬁeﬂil@ﬁa’ékﬁ?nﬁfl"ﬂjé’,irt‘?é fmat?%geheméscm' PITfiERIadE, '/ icam I t§Econd
connect i afysten taheess rhord vittape seevésvisahsystem This arrangenent did not
fully enmulate the SCSI interface of a tape library and was not easily

I NCOr por e8drigtibh @O reSItTUERFCONPUt €r Operating code or applications. A
typical prior art Open System for corrputers is showmn in Figure 1 having an

open Syst em Nas! ; SRR Fr/mufitgr%ceg{orp Ol CANRN LA, MOt atl on or

file server of any Sl nput er to send
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subsystem by Open System file servers. (IBM and ESCON are registered

trademarks of International Business Machines Corporation.)

In the case of a tape server using automated tape libraries, this
type of additional method of access has only been partially provided. The
open system file servers access the tape drives via the standard SCSI
interface. However, the medium changer commands of the SCSI interface
have not been, so far as is known, emulated or supported. Instead, in
place of issuing standard SCSI medium changer commands, the open system
file server or host would have to issue Perform Library Function commands,
as found in the ESCON™ interface, via a second connection to the virtual
tape server subsystem. This arrangement did not fully emulate the SCSI
interface of a tape library and was not easily incorporated in the Open

system computer operating code or applications.

A typical prior art Open System for computers is shown in Figure 1
having an Open System host computer 2 in the form of a conventional
workstation or file server of any suitable type. Host computer 2 is
attached to send Small Computer System Interface (SCSI) tape commands over
a SCSI bus as indicated at 4 to a virtual tape server 6 of a tape library
8. The virtual tape server 6 performs tape drive commands received from
SCSI bus 4 to logical tape drives on logical volume managed by the entire

system 8.



2 Tape library commands, al so know as medi um changer commands, on the

ot her hand, fromthe host workstation 2, so far as is known, have not been
transf er aWba3ov®no t he SCSI bus 4 through the server 6 to trha/dBokoasY
manager 12. Instead, tape |ibrary commands have been transferred to the
tape library nodule 12 over a separate 6ath 10, typically through a | ocal
area network (LAN), over an RS-232 connection, or other known,
conventional conputer interconnection network. As has been set forth
above, this taabaigueafokommmAss 4180 Virndiwuad meaian shaigegeceitahdd,i by tSeS|
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configuration is conplicated, and its use with high availability versions
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according to a first aspect, the present iInveniion thgro i des atrrehkllod for
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commands o4 he Lidkasy AphagetarAccording to a second aspect the present
invention provides an autonmated data |library to enable a host personal

conputer to communicate over a small conputer systeminterface bus with
storage nedia, said autonmated data library conprising a library nanager
whi ch cofUMARY PRBESIHENGE M edi a, and said autonmated data library further
conprising: neans for receiving medi um changer commands over a small
conput er syst errordihglf,aeecdnudsng ronut higspesspenalthe opgrserty ipertibape server
of the aytgiBieda Rh8a ltbPrafafBRNs &1 téARei By NGt ha dregdidimghanger
commands Lrom yhe, pefsonal, computer, 1.0, caMBnds, comatLbl e Wt h,the
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automated data library of a tape server under control of a library manager

in the automated data library, comprising the steps of: receiving drive

commands and library commands over a small computer system interface bus

between the personal computer and the tape server; transforming the drive

commands and library commands from the personal computer to commands

compatible with the library manager; and providing the transformed drive

commands and library commands to the library manager.

According to a second aspect the present invention provides an
automated data library to enable a host personal computer to communicate
over a small computer system interface bus with storage media, said
automated data library comprising a library manager which controls the
storage media, and said automated data library further comprising:
means for receiving medium changer commands over a small computer system
interface bus from the personal computer to a tape server of the automated
data library means for transforming the medium changer commands from the
personal computer to commands compatible with the library manager; and
means for providing the transformed medium changer commands to the

library manager.

According to a third aspect the present invention provides a

computer program product comprising instructions which, when executed on a



means for providing the transfornmed nmedi um changer commands to the Ilibrary
manager. According to a third aspect the present invention provides a
conput er Woegnaypr oduct conpri sing instructions which, wren/GBoeostsed on a
WO 03/ 014909 PCT/ GB02/ 03450 3 data processing host, cause the host to
carry out a nethod according to the fi Pst aspect. The present invention

t hus provides a nethod and system for converting nedi um changer comands
froma small conputer systeminterface or SCSI bus to formats acceptabl e

t 0 aut onaiaed grapesdingrigsy, cemeands. nf¥teterably duteaineasd ia@Bofdiby her

provi des g ngpthod, and, system for converting nmedi um changer commands from
an open system attached conputer over a small conputer systeminterface or
SCSI bus to formats acceptable to data storage nmedia from an aut onated
data |ibrary. TReatzesabt y inventiny dfup orPrPuideser atbod ded sysverHed and system
for enulahiéadiag SiEaklm COARGHre EorBiaati€ Mrbit £ sharie coype eresyitym devbtfacden an
open  sygfemat LACNSd: GAIPULLL M doh o auéénf;\ea@ecag@dll@,r;fp%mnayt omat ed
data library under control of a library manager. Preferably a nethod and
system are provided that enulate a SCSI Medi um Changer device in a host
conput er conmmPreEenabhy Wwhe hinygrbifroniirsler papuldsshr diefhe @éndSYShHan | for
conput er Bysé@Ahg Niedl firf CRanFerSESImaliys . fréean eper By 8tenC entActhied atfoesutrt h
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nmanager in éhe aut omat eocli&da alib rar%/né ({atéa 11ci)han er conmands are
mof N

provi ded “Gv&tt3 REC* @SR TE3nPle?™ &S efface - ¥romthe personal

conputer to a tape server of the automated data library. The nedium
changer commuandsfefadly her fmppeibrd ducdrrangdsvidnpat mdahed windhsysttlee fdxbrary

manager %iTnuimnaug %ﬁgif%gs&&rl gﬂt@ﬁyuﬁedfmew Qc\!ﬂlc;i:?ddéﬂctehﬁl ah'c%i{eﬁrﬁ t
manager. Thus an_ope st em achnen
as if thEYADE Aikd as?%“ UL P”béhgég? st%ﬁ s F‘\%A%lé-’lr §r°"f:urt uetoqusfr? %%ten system
can att adhbrarw apdercemmyrol | & 8 blfbrﬁﬁ}’t“laﬁﬁ%ert ape systens. Preferably each
smal | conputer systeminterface device has at |east one picker address and
the automat ed ggia b Prar Met%aogadag@&e@ﬂ Qfétpacs@ltdedda{aa &hakage desve

address w th each sai ce _picker ress. Int g se_th nd
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data library over a small computer system interface or SCSI bus. The
computer communicates with storage media of an automated data library
under control of a library manager in the automated data library. Medium
changer commands are provided over the small computer system interface
from the personal computer to a tape server of the automated data library.
The medium changer commands are then mapped to commands compatible with
the library manager of the automated data library and then provided to the
library manager. Thus an open system host can attach with a single SCSI
attachment as if the host were using a true SCSI tape library. Further

an open system can attach to tape controllers of multiple tape systems.

Preferably each small computer system interface device has at least
one picker address and the automated data library associates a distinct
data storage drive address with each said device picker address. In this
case the command from the personal computer could be a mount command
issued for a picker address over the small computer system interface bus
and is performed at the data storage drive address associated with the
picker address. Alternatively the command from the personal computer could
be a move command issued for a picker address over the small computer
system interface bus and is performed at the data storage drive address

associated with the picker address.



i ssued for a picker address over the small conputer systeminterface bus
and is perforned at the data storage drive address associated with the

pi cker adWoasmi49M ternatively the command fromthe personacTasmpessn coul d
be a nove comrand i ssued for a picker address over the small conputer
systeminterface bus and is perforned at the data stor age drive address
associ ated with the picker address. WO 03/014909 PCT/ GB02/ 03450 4
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the snal I**EBHPUPEP Yy SHEm P Hterface bus and the indication is transformed
to a coomand to nount the data in a |ogical tape volunme froman avail abl e
menory pool begkamatgvely ahs medidn edangegtde@sand nst e ihdp@tden \wér moving
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t he tape wer vierr. t¥¥ tdetaati vel y t he nmedi um changer conmmand is an indication
of an inquiry to read elenent status of a volune of nenory in a slot of
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Alternatively the medium changer command is an indication of
mounting data to a picker location on the small computer system interface
bus and the indication is transformed to a command to mount the data in a
logical tape volume from an available memory pool beginning at a specified

address in the tape server.

Alternatively the medium changer command is an indication of
mounting data to a picker location on the small computer system interface
bus and the indication is transformed to a command to mount the data in a
logical tape volume from an available memory pool beginning at a specified

address in the tape server.

Alternatively the medium changer command is an indication of an
inquiry to read element status of a volume of memory in a slot of the
small computer system interface bus and the indication is transformed to a
command to read a logical tape volume of like size from an available

memory pool in the tape server.

Alternatively the medium changer command is an indication of an
inquiry to read a volume tag at a specified location in memory on the
small computer system interface bus and the indication is transformed to a
command to read a logical volume name from an associated memory location

in the tape server.



smal | conputer systeminterface bus and the indication is transfornmed to a
command to read a | ogical tape volune of |like size froman avail able

menory powbD o3ni149he tape server. Alternatively the nmedi um eoarGgpse/ossomand i S
an indication of an inquiry to read a volune tag at a specified | ocation
in menory on the small conputer systen‘?i nterface bus and the indication is
transforned to a command to read a | ogi cal volune nane from an associ at ed
menory location in the tape server. WO 03/014909 PCT/ GB02/ 03450 5 BRIEF
DESCRI PT g ped titz PR oNGErEl BRaaivesent i nvention wi Il now be described, by
way of exanple onIy, with reference to a preferred enbodi nent thereof, as

I [Tustrated iR the...86CquPANKLAY, 147 aM.Ngs ae@cm;éah by W@ Ldip1d cmlgck
di agram of Fg z%fl or art conputer syste open zistem host kl_taw ng

virtual BTRsE 19 G Bt eatith FRPSH TP ApERer 1ty a7y SILRUPaFG 2o e ot or
t echni qu@S?OI@agmre; Zrawings pirogkidh:agr am of a conputer system according to
the preferred enbodinent of the present invention; Figure 3 is a block
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present invention; ures are. iaken 1o ow chart
i ndi cati Fge® H"é’St‘EibéPaf |ft§‘f‘fl’éﬂ VAT R SEQRAOENG TR CRR d‘l“g‘@f"attﬁdttf‘?é’epr esent

i nvent i onibrdiyTAtdciDi iFSCREHET pONrOEediHEqRREFERRED ENVBODI MENT Wth reference
now to the figures and in particular with reference to FIG 1, there is
depicted a pi ctorlal represent fion of a data rocessm stemS with

whi ch the preddftss vlesntlgflo rraglaéﬁvan? ageousty o STt P |ze 13y eto t§|lcal

prior ar tpr@@ﬁesmﬁw&mt %r\?ﬁatré@em's igpmionn  Figure 1 haV| ng an QOpen
System host conputer 2 in the formof a workstation or personal conputer

of any suitablg.fy Aogsl {%fgl&&mﬁg%a%e S cc@rrpha@p@g stdh sendaSRll, Lomput er

System I nt erface conmands. over bus as indicated at 4 to
a virtualfUrsyE §rék?‘ifiéf“e‘6t °§u'if’r‘? BESSERGi VERH O™ oY server of an | BM Model

3494 automated tape library 8 The virtual tape server 6 enulates the SCSI

tape comands MyuRE EOrdMaNde QRES alkkONTogBhdrOO4 Gabw taet iekid@®S ng b2l nove

medi um Copergl:q%naorfe angcgmp%gurl aétygtemagcd:cordlng to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference now to the figures and in particular with reference
to FIG. 1, there is depicted a pictorial representation of a data
processing system S with which the present invention may advantageously be
utilized. A typical prior art Open System for computers is shown in
Figure 1 having an Open System host computer 2 in the form of a
workstation or personal computer of any suitable type. Host computer 2 is
attached to send Small Computer System Interface (SCSI) tape commands over
a SCSI bus as indicated at 4 to a virtual tape server 6, such as a virtual
tape server of an IBM Model 3494 automated tape library 8. The virtual
tape server 6 emulates the SCSI tape commands by performing operations on
logical tape volumes. SCSI move medium commands are not emulated and
instead using Open System host 2 sends Perform Library Function commands
over connection 10 to library manager 12 to mount and unmount logical

volume.

FIG. 2 depicts a representative hardware environment of data
processing system 20 according to the preferred embodiment of the present
invention. In FIG. 1 and FIG. 2, like parts are identified by like

numbers. Open system host computer 2 in Fig. 2 may be any computer system



i nstead using Open System host 2 sends Perform Li brary Functi on conmmands
over connection 10 to library manager 12 to nount and unnount | ogi cal

vol ume. FWwG.03D14epi cts a representative hardware envi r onmPar/Gro20a4sa
processi ng system 20 according to the preferred enbodi nent of the present
invention. In FIG 1 and FIG 2, like pirts are identified by like
nunbers. Qpen system host corrputer 2 in Fig. 2 may be any conputer system
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processi ng system I's an 94" virtual tape server containing a
processor 34 operating under conventional instructions fromnenory 36. The
processor 34 tThansifrepsl dara deevereénin Haeapnefpured ephadamenthodrdats and the
host conptbedssdngViistéheoS{Slanbisn mbadiatasd aperusal tipe cache Sdhthinimea
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al so recel ves, nedi um changer t fr conput er
over SCSICOBREe£s W%Fipl%mﬁrlb% of Sh‘fl%uaﬁ’éayf sf’@"r‘@ﬁ& % 58%? ‘?S‘rﬁ 20 whi ch
t r ansl at @sdwiiang@8iray orfirandepediienh DéslengerRAdBnmendachientatan ufl‘éﬁ’rrrﬁtmtml
conpati blog péddrah hiestapeibhdreacy nEasages. 12+ adsirhe, adtonmmimptesdada raybr ary
8. The tape LidQLaly ; ga&hqgegapyv&%leugaeﬁeaﬁ i brary manager nodule 42 and a
drlve/storage unit frame 44. The virtual tape server 6 uses the library
manager 42 to perform| ogi cal mounts and unnmounts of data or nedia.

Pref erabl y ESCHRIMtoaytedd Pegef dipnarybd @lyo FATet Yo MedivfapRisoar eomsarfist o
transfer idag@sit Gobtatl £ hba tafmtdrivesedbcsESENL! Mematy at taashment

prot ocol &aﬁeﬂnlgya MRADLA %§aﬁ&o@ylr&apph@ vmaeﬁecsraggla%ﬁt&@ssagzt Boma@r Adghcal
processing | evel such as System 390.e VI ronrr%nt br ar mangger
2:% tape ger
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of the automated data library 8.

The tape library manager 12 includes a library manager module 42 and
a drive/storage unit frame 44. The virtual tape server 6 uses the library
manager 42 to perform logical mounts and unmounts of data or media.
Preferably ESCON™ level Perform Library Function commands are used to
transfer data to or from the tape drives 44. ESCON™ is an attachment
protocol used by memories in multiple processor systems with hierarchical

processing level such as IBM System 390 environments.

The library manager module 42 manages moves of media’ to and from the
drive 44, and also manages moves, as will be described, of either virtual
or logical volumes or media to or from the logical drives. The
drive/storage unit frame 44 contains a number of permanent data storage
units including tape drives and, if desired, a number of cartridge cells.
The library manager 42 controls the accessing of tapes and cartridges,
placements of cartridges, movement of cartridges in the driver/storage
unit frame 44. The permanent data storage components located in
drive/storage unit frame retain the data transferred over the SCSI bus for
use as backup data, archival data, batch processed data or for subsequent

retrieval and processing.



drive 44, and al so manages noves, as will be described, of either virtual
or logical volunmes or nedia to or fromthe |ogical drives. The

drivel/ st owage/owys frane 44 contains a nunber of permanentPCdatB298430age
units including tape drives and, if desired, a nunber of cartridge cells.
The library manager 42 controls the accéssi ng of tapes and cartridges,

pl acenments of cartridges, novenent of cartridges in the driver/storage
unit frame 44. The pernmanent data storage conponents |ocated in
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8. Sone of the "category" operatlons in ESCONT are: The PLF-Munt and
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next volume froma category and nount it npl.ace of being told
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be assigned to a volume PLF- PRSD - (Prepare for Read Subsystem Data) - is
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The SCSI interface does not provi de for ‘use or assigning of category. The

SCSI i nterfacg gonm®ads %ﬂa@a&yas YEime t£EGbr$han;d hesudeddhdnogormands.
The SCSI | nterfacc? t%at Azl '313 ess nt| aLeg)értel I, the k)l br ar.

comman cates t e ca y value to a551¥ned to a volume

PLF- PRSD -~ (Prepare for Read Subsystem Data) - is a subcommand of
the PLF command that can be used to retrieve the category value for a
single volume (as specified by sending the volume name to the library) or
can be used to retrieve a list of volumes (by their veolume name) that are

category value set to the value of the category specified)

The SCSI interface does not provide for use or assigning of
category. The SCSI interface commands are at a "lower" level than the
ESCON™ commands. The SCSI interface commands essentially tell the library
to move from a specific location (identified by an "element" number, or
just "element" for short ) to another specific location. These locations
can be storage slots within the library, an IO station for removing or
putting in media, or an actual drive. A move to a drive becomes a "Mount"

and move from a drive is an "Unmount."

The "level" of the ESCON™ commands are higher in that the invoking
system basically requests the "Mount" of a particular Cartidge and the
hardware itself tracks the location of that cartridge and explicitly moves
it to a drive. The particular command used to cause this is "Perform
Library Function" (PLF). The parameters to the PLF command indicate if a

mount or unmount is to be performed as well as various other functions.



to move froma specific location (identified by an "el enent” nunber, or
just "elenment"” for short ) to another specific |location. These | ocations
can be stwoagei®bots within the library, an 10 station forOTEEBDZI0BLH0Or
putting in media, or an actual drive. A_nove to a drive becones a "Munt"
and nmove froma drive is an "Unmount." %he "level" of the ESCON M conmands
are higher in that the invoking systembasically requests the "Munt" of a
particular Cartidge and the hardware itself tracks the |ocation of that
cartridge and iexphd Gctdy” BRVESnmddt the aibHraryetrikdke par tibeadian «orhand used
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PLF conmand i ndi ca unnmo to be perfornmed as well as
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environment the library tracks the |location of the particular volunes. In
the SCSI i nt erthacke @nyi rianarfaicet d1eyivShnegt Sy Stiege rustandr &€ lustfiecd ooate"on of

the part 'm%Hla@rbewééH@fotsl nsicll% éC%&lw.:,t eai%et@rgwoegn@&eﬁs 2rSkNgls €omMand
is used to " ween_slots, s|lots to (gr;:ves drive to slots,

slots or IdPl €§l?’b F?bsgtgﬁt’ln(‘iﬁrfafﬁe ‘gégf‘LeSnte%‘rﬂf 8EeiRGi LAPSE AR t hese
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command isags mdVBVErom &y elamne fs@mieneoceaemmnt | ocation to a next. In the
ESCON'" interface via subcormands of the PLF conmand the followi ng are

used: Command:  PLE %ggmate face Vlf’\ subggr\n/mesnd I’EE(gh JLE‘Ofon%magcl.lottheto a

drive: howeveﬁ it 0€es no Fcate a source s
i ndi cat efoalemipgnerensped:or a category indication. If it is a category
indication, the library selects the volune to be nounted. The interface

does not nake C\élm%éx@ epﬁmuix%ﬁ&wn &é&&t S. ormoow%r Wesie) £8dm @ ¥olugs and
t hen determ ne

pl in. There.is n pmand to
move a voFake ?’%‘?ﬁ%ne%‘sel S?m"tandadrl]oo ShIéC‘Fat as gﬁeresource 5 Yest ? @@
conmmands iagEcappfch VoAV nafe ©r A caﬁﬁ@@@’ek%‘?‘fﬁf@é"%d?%ﬁ’f"ls raeF%l‘?erEF?rbnl y when
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There is no command to move a volume from one slot to another (as

there is in SCSI).

SCSI commands are synchronous, i.e. A "move (exchange medium) "
returns only when the physical movement of the media is complete. 1In the
ESCON™ environment (by using the PLF command and its subcommand "mount" or
"demount”) the command is asychronous, i.e. It returns immediately and an
asychronous message is sent by the library at a later time to indicate

that the move/mount has completed.

Considering the transform map 40 of virtual tape server 6 more in
detail, the medium changer commands from the SCSI bus 4 are associated
with commands in a language, typically PLF or Perform Library Function
commands of the type discussed above, compatible with the operation of the
library manager 42. The mapping in transform map 40 is defined according

to the following guidelines or elements:

(a) Each SCSI drive address is associated with a distinct VTS logical

tape drive address

(b) Each SCSI picker address is associated with a distinct VTS logical

tape drive address



asychronous nessage is sent by the library at a later tine to indicate

that the nove/ nount has conpl eted. Considering the transformmap 40 of
virtual twpesseswer 6 nore in detail, the nedi um changer pecaramm@s4shr om t he
SCSI bus 4 are associated wth connands in a | anguage, typically PLF or
Perform Li brary Function commands of tRe type discussed above, conpatible
with the operation of the |ibrary manager 42. The mapping in transform nap
40 is defined according to the follow ng guidelines or elenents: (a) Each
SCSI drive address is associated with a distinct VIS | ogical tape drive

address (b S ¢ker address s as S
| ogi cal (tccaipe Fmtvsggd‘grr ess" ’6’3/301%1;"0‘8%6%%&@0%/ 6¥4§gSP§q£ I&ﬂ‘%’l’: to or
froma diFfeeTERBRThOP SSFetPIG 1R LRSI PrE REF- Hddf ¥s $he i"for med on

t he associated VIS drive address for the SCSI drive. (d) Mves between

sl ots, V\hhi%%«rogeé SebRsbrt 91&&1,? ﬁﬁ%rh; piCkesuadds ans, sc?r ﬁldl%ﬁ:félfdfegs on the
associ at e rive ress. for t t ape

cartri dgerle earéfgf)“(lzei at n}% gﬂsoglﬁtnﬁdngéé)\(#ég |ag§%%g§| §%61elg\r}y ﬁ%h%]e? (f) Each
SCSI el enent (corresponding to a |ocation a physical cartridge nay be at)
i s associ(@l ed AWPEST @hysishil ncire Tepa rGidee gorasspglatiebveishod wdnte iVB§es bet ween

el ement |1068441008pd Roild® virtual SCSI  library are acconplished by changing
the Category of the VTS | ogical tape vol unes (and associ ated nounts, etc )
(h) The SCSI volunme tag is sinply the VTS | ogical Tape vol unme nane

speci fi cdifly, FoAR LI %\ﬁf“ﬁ’@t (QBVeeSBP%%’é'ﬁt ke ﬁn}%ca&é?%l’"l PRYFICRE caﬁFf’r%’rey

nmedi um chranger atbmraAgsrcantehouth registriacemapat@degeordi ng to the
preferred errbodi ment in the PerformLibrary Function or PLF format

t abl t 0
PCT) Cao02/ 945850 el Fiasin P eak e R0 cE s (O T est - or

bl ank Tap}éb@’@aﬁée REFORIEaPed BY (7FeL91Y the CaEa9Twi ahdlealtd MaHIB P use

| nsert Caggusy (and associated mounts, etc.)

(h) The SCSI volume tag is simply the VTS logical Tape volume name
More specifically, the following table presents more detail on the

primary medium changer commands and how they are emulated according to the

preferred embodiment in the Perform Library Function or PLF format

acceptable the components of the library manager 42:
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The preferred embodiment emulates the location of a cartridge (SCSI

Element) by mapping it to a property of the cartridge (ESCON™ Category).

The category would normally be used as a Media Pool,

some other way to group multiple pieces of media together.

or Storage Class or

The present

invention uses this property to represent the location of a cartridge

within an emulated library.
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Fl ow chart 100 of Figs. 4A and 4B illustrate performance of a SCSI nedi um
changer command in the formof a nove-nedia conmand, containing as

addr esseswa oBoomel enent, a to elenent and an identifier ROFGEB208450a
particular small conputer systeminterface. The nove-nedia command is an WO
03/ 014909 PCT/ GB02/ 03450 11 exanple SCSI nedi um changer command and
instructs the tape library 8 to nove or nount a portion of data or
information, also termed nedia in the present disclosure. First, in step
102 t he fexami@ndcdo meai Qohimer adddmasd ah@ eGualctishehe lkags cabragt egori es of

the fr Omn@OQ c}romglxgngrgc&tlér??ﬁegééavgi ﬁnfmttiéﬁ,egl;fp%eglﬁécﬁgnga{be§ni \Ihet he

fromelenent is a drive. If isis the case, the next step is step 106.
If the fPORPEIAtTiioF% Heternmined not to be a drive in step 104, the next
step is step 108. Step 106, in response to a determnation that the from
el ement is a rdeéwveindedepr MNEBe ifiroihdt Bo cekeeinibs iareatso ta eualechel f thi s

Is the GR3€:a18PafdfoPled QRUIH PFon Sndt@SEMEmened rabisdte@ReiiyNdi cation is
sent. If Step 106 determnes that the fromelenent is not a drive, an
unnmount SCSI  conmmand is required, and in step 110, the SCSI drive
identifier isNegt qt6P 1Hedetfanings éf @ {FRO_FIIANEl Eentriasd tHetWS8rive
i dentifi ehei @aseettieOnetthetémgant stfdperod.or 1£ e SGSn_ckliewent dendetferpined\ext ,

during step dolRe(£id@ivédBh 8Bl FodeRRAINext WEIBNL isSep SOHED ON  the _
identified VIS drive, indicating that the category of the to_ category is

to be changed upon conpletion of such a denount. Then during step 114,
| i brary managé&teBA0fai 15 regponsectsl pt deerainpsismdgeat ddicc Il ¥wsapl &t Pon of
t he denourtvepeaeadimnes A ctignptet iedamaft ssichsa de@rbunt Dpehasiientha return

Ope_r?_ti Oreaisé,f &ﬁréﬂro&reéo@@éic%d @ga;;aésgmggsa sﬁahpetnﬁ@ﬁ&i_q}at;% tiQisoé}%Xt 1¢t ask
awai ti ng perf.armance. . noted, ste is.reached.if step el erm nes
that the SF?%rﬁosggeetr%ﬂfnﬁsstlﬁ% glée cﬁrf)@ee.]lerlﬁntsﬁtszhn% 2ale S siep THE" ge C‘é?;r&m nes
if the toomrandens jesubrafhi ¥ ipfsteRi 510, st ECEhsEive ifpUNIebiPanel itS
present, thaniieatctieanof ndiChiomosldmens emtl. tHenves elpitd GdevthifiSCSls deti \re

i dentifi@hel S1enBfEidrOsrde chbesdsdentivhi Rlenofrithe to el ement and the VTS drive
identifier is set to that of the SCSI drive identifier. Next, during step

118 (Fig. 4B) a PLF Mount command is issued on the

Next, during step 112 (Fig. 4B) a PLF_Demount command is issued on
the identified VTS drive, indicating that the category of the to_ category
is to be changed upon completion of such a demount. Then during step 114,
library manager 42 waits for receipt of a message indicating completion of
the demount operation. At completion of such a demount operation, a
return operation is performed and library manager 42 proceeds to the next

task awaiting performance.

As noted, step 108 is reached if step 104 determines that the from
element is not a drive. In such a case, step 108 determines if the
to_element is a drive. If this is the case, a mount command is present,
and such an indication is sent. In step 116, the SCSI drive identifier is
set to be the identifier of the to_element and the VTS drive identifier is

set to that of the SCSI drive identifier.

Next, during step 118 (Fig. 4B) a PLF Mount command is issued on the
identified VTS drive, a scratch or remove PLF operation is performed on
the location identified in the "from category" and that the category of
the volume is to be changed to that of "target category" open completion.
Next, during step 120, library manager 42 waits for receipt of a message
indicating completion of a mount operation. On such completion, a return
is performed and library manager 42 proceeds to the next task awaiting

performance.



identified VIS drive, a scratch or renove PLF operation is performed on
the location identified in the "fromcategory" and that the category of

t he vol unwoiog/o14mobe changed to that of "target-category" @pErGBIOPpiSeti on.
Next, during step 120, library nmanager 42 waits for receipt of a nessage

i ndi cat i ng conpl etion of a nount operat’i on. On such conpletion, a return

is performed and |ibrary manager 42 proceeds to the next task avvaiti ng

per formance. WO 03/014909 PCT/ GB02/ 03450 12 If step 108 (Fig.4A)
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manager 4Riph gc @b sompanchBLA&RVC tigs kseuedi €9 r?@aanelth%r%ﬁ@@y TﬁLFéle i n t he
pr ef er r edoeaodbpENtsavéd en et Sys e @8t toc anpidrget 2ati scaky@aghedatert he

aut omat ed, ggtT 6l 'P{b%ily GhaRYGr wepr§9§édsb95 thet ALQUELK Lhatcisingl e

at t achnment e host conmputer 2 i's able to transfer drive commands, and
library ®SAHETEETn the form of medi um changer conmands, over the SCSl bus
4 to the automated data library 8 as if host conputer 2 was using a true
SCS| tape |ibrmay, ihhehdrpdéfsnredantodireanramdsopanesydtee hGEStonpusenre

|t rans 1; Sr r{%d L2508 \r/kg)gkﬁ% aheonfa%arvéa%aaﬁ%%;ml svéxo thgescs@%grr?t@gog@& a

. i er. _virtu rives or
| ogi cal W%e%lngﬁ%cﬂxa?ﬁﬁ“efif) t%g q}ogge?ﬁmpl nveétf%ﬁ%& ! t’f%nSferlaalfrlres may be
either | Wm@dsvwmsb@rryv‘?qm!“aﬂs 8| thee§orm et ygdium Ictha§%l‘3€f‘“‘l?f’é‘dﬁnder st ood
t hat accavdi nghet scdtheupriesenthel avehhtan datsmablranyoRpast ef st @mpubneerf ace
\% | |SC§|3 g@%g&;&ot 5 133k éb%%dtéﬂé Wﬂ}qw\s Thémhﬁm cﬁgﬁjgérhgomth&s olv\ét@r'd}ﬁant s ﬁs

st ens rotocol to attac

per i pheraﬁcsaeliﬁscélée (tﬁ%?g ‘i%r Oélﬁscg\@r ?‘\D/e%rm?ts acTeC§I§3$I es, Cheet c.) are
ref er r ed augomnateghdatgy é’s}@fﬁfycﬁ .scThps grévegsin the dats library may be eithér

virtual drives or logical drives according to the present invention, and

the volumes may be either logical volumes or virtual volumes, as well.

It should be understood that according to the present invention,
small computer system interface or SCSI refers to that used by Windows™
systems and the Unix™ variants as well as other systems. Such systems
which use the SCSI protocol to attach peripheral devices (hard disks, tape
drives, tape libraries, etc.) are referred to in the present disclosure as
"Open Systems Hosts." In the context of the present invention SCSI should
also be understood as referring to the new "Fiber" protocol(s) which use
the same SCSI commands over a different hardware connection protocol.
These systems would also be referred to as Open System Hosts and the
present invention would directly apply. When a SCSI Move Medium command
is received in Virtual Tape Server 6 over SCSI bus 4, it is translated to
an ESCON™ Perform Library function command for sending to the library
manager module 42. In this manner, the automated data library 8 appears
to be a SCSI attached library, receiving both SCSI tape commands and SCSI

move medium commands over the SCSI bus 4.

The present invention also is adapted for use with other forms of
automated tape library systems, such as shown in Figure 3. In Figure 3,
like part to Fig. 1 and Fig. 2 are identifiably like numbers. The host



"Open Systens Hosts." In the context of the present invention SCSI shoul d
al so be understood as referring to the new "Fi ber" protocol (s) which use

t he sane 80®B/HOCcHNMands over a different hardware connecti @QTGBRRO84D .
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manager redphierd?.id aomcsemaera, cbirtuna bboiat Bthkdadtaidhi bayaby theappeEars to

be a SCSl,atf aghgdshj.brany f Q%\ytugl Q%Q éﬁ@kompes&onm@%r@cﬁd é,%l

nove nedi um cqommands over h 3 Q% pr sgg#mlmnventl&ph, z_iL 0
adapt ed fEPEIRESH "i%lﬁtlﬁlefu’frbtcﬁ’éne(ﬂte aol]'teBrr%]t 88" t%pe” 1or 8F y 1§Vt et §’uch
as shown a paft gfirsutdmated Fpppilébrhrieslikephosetef Fig. 21 a?fdltF Bng2 are

i denti fi alzthysidriemdapsnbet . 1iHeemixordr, W08+ &5b49 OShvieal i sBiizy (}3450>e 8ed

conmput er 2}, S, & BROGG 8£¥a0\i§t5ra§1&é3 W&&ﬁ@hk&ﬁ ihi Dloee Mt CBe LY i PE1ah NEapaCSI
bus 4 or a fi tape fontrol ler 50. The virtual tape
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a pair of automated tape I|brar|es i ke those of Fig. 2, containing
transform mapsc L4 iampbideatnannete thhe, phésenhei pregntt dnveamyioal s beerused
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comuni cation links. Al though the invention has been descri bed wt h

construed in & 1T FaoT VS BT ARdi T T eArT ons of the Fose
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becone appeasent veoiquers@iigications of the disclosed embodiment, as well as

alternative embodiments of the invention, will become apparent to persons
skilled in the art upon reference to the description of the invention. It
is therefore contemplated that such modifications can be made without
departing from the scope of the present invention as defined in the

appended claims.



skilled in the art upon reference to the description of the invention. It
is therefore contenplated that such nodifications can be nmade w t hout
departi ngworismi4%e scope of the present invention as defi med/GBo2t0Beso
appended cl ains. WO 03/014909 PCT/ GB02/03450 14 CLAIM5 1. A nethod for
enul ating a small conputer systemint erface type nenory device in a
personal conputer with data storage nedia froman automated data library
(8) of a tape server (6) under control of a library manager (42) in the
automated data library, conprising the steps of: receiving nmedi um changer
commands over a small conputer system.iferface bus between the personal
conputer and the tape server; transformng the nmedi um changer comrands
fromthe personal conmputer to commands, conpatible with th Iibrarx nanager ;
and pr ovi'di ng A RESRHA RS GPHLRF 107 | 4 Eme DA A S PRI B TEE P he
library rieMbgrerin 2 reThenajecirpdtef wikhidata stoageimgdendironmal ruensped er
system i idaes faGearyay) Cax Rasapat séL@st (Qnandhr ventadllresSa atltatrhenaadgemat ed
data librgny ; ASROCIALES <8 th%tif%‘zfar%rc%hlﬁhs‘iﬁ&%h%t ragefdrive address with

each such device drive address. e nmethod of claim 1, wherein each
smal | conputer systeminterface device has at | east one picker address and
t he aut omat ed m¢aeivinpgbrediym chsserd spEmandsdiveri acimadht@"BrEITages M ve

addr ess vintbreaehbwabdrveri o ppiekel @agdaessand . thdhapeesdodrof claim 1,
wherein one or nore nenory cartridge bus sites are present on the snall
conputer systeminterface bus and the automa%edf dattq1 | i br arnglacsosogti: ates a
data vol une i FEREEFRY SPBrETE hEdPETn PR D B8R CaPT BUE SITR"S. The
met hod oftocteimends apfiertdibhe stich Wiral ir@shparesesydf@m i nterface device has
at | east one drive address and the automated data library associates a

di stinct ITEITDI’p\{TO-p%_IngI fhe g?arg@t)@me%t ar Ade cHRihas V!ntihlﬁﬁﬁby Sc%knﬁiand%n'_@-élthe
conput er S steminterface device. 6. The nethod of claim5, wherein a small
conput er s}éﬁ?’@’nf“f?ﬁggﬂ ace device is novable fromone |ocation on the snall
conputer systeminterface

2. The method of claim 1, wherein each small computer system interface

device has at least one drive address and the automated data library
associates a distinct virtual data storage drive address with each such

device drive address.

3. The method of claim 1, wherein each small computer system interface
device has at least one picker address and the automated data library
associates a distinct data storage drive address with each said device

picker address.

4. The method of claim 1, wherein one or more memory cartridge bus
sites are present on the small computer system interface bus and the
automated data library associates a data volume in the data storage media

unique to each said bus site.

5. The method of claim 1, wherein each small computer system interface
device has at least one drive address and the automated data library
associates a distinct memory pool in the data storage media with each said

small computer system interface device.

6. The method of claim 5, wherein a small computer system interface
device is movable from one location on the small computer system interface

bus to another such location.

7. The method of claim 6, wherein the tape server changes the

associated memory pool in the data storage media in response to movement



bus to another such |ocation. 7. The method of claim®6, wherein the tape
server changes the associated nenory pool in the data storage nedia in
response wo wpy#nent WO 03/ 014909 PCT/ GB02/ 03450 15 of t reTicmaws4n of the
smal | conputer systeminterface device an the small conputer system
interface bus. 8. The nethod of claim 1} wherein a smal | conput er system
interface volune tag is defined for each smal | conputer systeminterface
on the bus and further including the step of transform ng the vol une tag
to a di i fied 14644iFR SR MERe | dhal Decorpttarabpet ethat et dritheeaiyvi & of hthemetdlad of

claim1l, whereinghe nedi.um chgnger command is an indication of the
presence o a speci fied nunber N of blank tape cartridges on the snall

conput er system [ nt r%‘ig%te g d sai d steaqucom ansforgt?(eqnggrggrl ses

B
transforfing s: |dm? aw commnd to create  a’l nu of

| ogi cal welureesag rlcﬁnﬁaﬁra@atqrast@ FBRDY FORRIBIET| ﬁ’sttﬁ'é intgprcsery éhe ’Eﬂ? An
aut omat edindatwa-thebriacyudidy the ebabloé taranestérmpey sraloloowptdere  2) to

conmuni caf; 8¢ QMRS v HlBLdmeC HIMME BXurShstLMahel @ibAG6e bus (4) with storage
medi a (44), said autonated data library comprising a library manager (12)

ey O O S S68T I8 fER1L 2 e e hD e IF A LERRR S BT U

changer commands over a sna temintertface fromthe

per sonal ig8hgrider tfothe tpaﬁ%efé"ér‘a%ra éﬂ’e‘tllftéed Jureiratiedt Fae3< ItlaB? ary; means
for transhetridygs tdrethedinall chapger syrmeandseffam bhe angesaidnatercofiputer to

comands (coAPrnbhL c%mstegecﬂahbfatnynmaagetmmonrraaascctr@ran@r&vwéart@ the
t ransf or meg medi um cpanger%{:corpr‘a& thean avgll%ye RAags foof.lm e

conput er syStem 0 “wherein eac conput er tem interface
devi ce hdgPatsqr¥8%t one drive address and the automated data I|ibrary
associates a distinct data storage drive address with each such device

drive addpess Anlguto]ﬁage@gawtlgﬁr%t(gmt@f efdrak M sl Bos ViRl eadtpusenl |
comput et system, Lol eL{ GG SoVL6e NaSAL L SRSt opne. BLAkE m ALY PSA AN Lhe
ata “TTbrar cf) a

aut onat e 2/ assocl a ta stor age drive address
Wi th eaclFteras media (44), said automated data library comprising a library

manager (12) which controls the storage media and further:

means for receiving medium changer commands over a small computer
system interface bus from the personal computer to a tape server of the

automated data library;

means for transforming the medium changer commands from the

personal computer to commands compatible with the library manager; and

means for providing the transformed medium changer commands to the

library manager.

11. The computer system of claim 10, wherein each small computer system
interface device has at least one drive address and the automated data
library associates a distinct data storage drive address with each such

device drive address.

12. The computer system of claim 10, wherein each small computer system
interface device has at least one picker address and the automated data
library associates a distinct data storage drive address with each such

device picker address.

13. The computer system of claim 10, wherein one or more memory

cartridge bus sites are present on the small computer system interface bus



devi ce picker address. 13. The conputer system of claim 10, wherein one or
nore nmenory cartridge bus sites are present on the small conputer system
i nt er f acewlous/0¥9093/ 014909 PCT/ GB02/ 03450 16 and t he aut eaaiGrb20aisa

| i brary associates a data volume in the data storage nmedia unique to each
such bus site. 14. The conputer system’bsf cl aim 10, wherein each small
conputer system interface device has at |east one drive address and the
automated data I|ibrary associates a distinct menory pool in the data

st or age nmdi thembttomatad MasachvsaBl hssatpuéera ayst enlume en fraeedaevi ce. 15.

The conpuigr.aYal&m af; fledidneldn JREMGINsB SRl | computer system interface
device is novable fromone |ocation on the small conputer system interface

bus to another such location. 16. The conputer system of claim 15, wherein
t he tape lder v@hectrmpyeer shetemast cipan dd . nevAyey” FG6F il ROTBUEH SY¥rAye
medi a i N ihesfrNAs eddva cBmaeMBNtleadf chBeddioeadiddras®iant hehes ABdmacedipiat@r syst em

interface,;gdevice0n:the SN deinCOMRMLES pSYBLiaMAd LS a6 DYt medib. witie

conput er stemof ¢ &5%73' Ideggr’g)uter system interface

sg laim 10, wherein
vol une t &G°F SYEB T Red FUPUEHC FYET 117 S

Gt éF systeminterface on the bus
and further including the step of transformng the volune tag to a

di stinct el ufBeneATRUrer SUtEIFRPEFlaar a4 i Vredry? 2 82 h oBsHat B 8% st em of
cl ai m 10,inwkefaek Nddviiee niesd inovmba hafrger orgoAneatdoni en dhe jandil & atomputeaf sys$tem

presence ;gf  fe3REGIS L8 hnBUADE Ludh Qbckiiank tape cartridges on the small
conputer systeminterface bus and said neans for transform ng conprises

means f 0r16t r an.['?lfeo(!'; rr];\]pﬂg IS%I gt%mngk CCa.Lgl.’LIQr!LSt, Ow}gﬁr(é?mgdtaﬁeos \%Q‘t &a‘?lgké kt%e
nunber N7 of |ogica vo?umgs_roman avai | abl'e nenmory pool 1 n thé tape
server. PgSORAEBAPIAMEFY PPEYriEntRT GRER tSEOERHFFSIh i HSPPERG S8V RAi Th,
when carfi gtk dutattionaofidaha gredt essbugprhepttepairterfaie dhviste pp tdgr snpldut a
met hod ascRlgsehl bpitehnimByroeref. claim 1 to 9.

17. The computer system of claim 10, wherein a small computer system
interface volume tag is defined for each small computer system interface
on the bus and further including the step of transforming the volume tag

to a distinct volume name in automated data library.

18. The computer system of claim 10, wherein the medium changer command
is an indication of the presence of a specified number N of blank tape
cartridges on the small computer system interface bus and said means for
transforming comprises means for transforming said indication to a command
to create a like number N of logical volumes from an available memory pool

in the tape server.

19. A computer program product, comprising instructions, which, when
carried out on a data processing host cause said host to carry out a

method as described in any one of claims 1 to 9.



