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device, or (3) a module of various other types. The robotic device is programmed to
recognize which type of module occupies each slot, or whether a slot. is empty, and

communicate with the occupant appropriately.

2. Description of the Related Art

One of the most popular mass storage systems today is the data storage “library".
Generally, a data storage library connotes a great number of commonly housed portable
("removable”) data storage media, which are moved among various storage bins,
import/export regions, and media drives by a robotic media transport device. These
libraries have become popular for many reasons. First, the portable data storage media,
usually magnetic tape or optical media, are typically quite inexpensive relative to other
storage formats such as magnetic disk drives. Furthermore, libraries are easily expanded
to accommodate more data, by simply adding more media items. Additionally, most
libraries can be easily updated with new equipment. For example, a new media drive can

be introduced to the library to supplement or replace the existing media drives.
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WO 02/093451 PCTI USOL/ 45809 2 A number of different conpanies manufacture
such libraries today, each nodel denonstrating various different features
and operating principles. One significant manufacturer of data storage
librari es WOM934Shat i onal Busi ness Machi nes Corp. (I|BM . PCNUSHHISH a
nunber of different IBMlibraries have® wi despread use and conmerci al

success, |BMengineers are continually seeking to inprove various aspects
of their libraries. One area of focus is, cost
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cumbersome n|ayer o# téo%?diraé%%@%‘b’e%% btharE doh@%\lch can ultimately
reduce the performance of other unrelated aspects of the library. For instance, developing
software to enable multiple incompatible hosts to manage a shared inventory of media
items can be prohibitively difficult or expensive in many situations.

In other cases, a shared component may need to include separate porfs for different
hosts, thus .increasing the hardware cost of the shared component. Furthermore, some
configurations experience incompatibility when multiple components share a bus or other
feature, resulting in reduced or lost data availability. Thus, eﬁgineers are confronted with a
number of difficult challenges in their quest to consolidate components or otherwise reduce
hardware expenses in a data storage library. One approach that addresses the foregoing
concerns is set forth in U.S. Patent Application No. 08/931,856, filed on September 16,1997
in the names of Basham et al. and entited "AUTOMATED DATA STORAGE LIBRARY
WITH CONTROL PATH TO SHARED ROBOTIC DEVICE VIA MEDIA DRIVE,"” now issued

as U.S. Patent No. . The entirety of the foregoing patent is hereby




W TH CONTRCOL PATH TO SHARED ROBOTI C DEVI CE VIA MEDI A DRIVE," now i ssued as
U S. Patent No. . The entirety of the foregoing patent is hereby WO

02/ 093451 PCTI US01/ 45809 3 incorporated herein by reference. Bashamet al.
di scl ose aWne249345br age |ibrary featuring a dual purpose X&TARBHIBI%I path
bet ween a host conputer and a nedia drive. This path conveys control
signals and data between the host and drive, and al so conveys robotic
control signals fromthe host to a robotic nedia transport device coupl ed
t o t héncbrporatedhéreinioyrafaiencappr oach provides various benefits, |BM

engi neers are seeking new ways to reduce library costs and i nprove the
cust oner' s paghhfnet &lodisciosend idata stogagehlibraiybieaturingl  dubl purpege data/eridralr ea
of possible consideration is developing a systemthat is sufficiently
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a marketing standpoint, a related problem is that customers that have already elected to
build a library utilizing a conventional media drive model might dismiss the Basham et al.
library because it requires at least one unique media drive type, namely a proprietary duai
purpose media drive capable of conveying host commands to the library's robotic media

transport device in addition to the normal drive functions. Thus, further improvements are

still sought to reduce costs and improve the flexibility of configuring data storage libraries.

" SUMMARY OF THE INVENTION
Broadly, the present invention concerns a data storage library having a robotic
media transport device and also featuring multipurpose slots each configured to receive an
occupant such as a media drive (to read and/or write data from/to media removably loaded
into the media drive) or a command relay port (to convey command signals from a host to
the robotic media transport device). The invention additionally contemplates the insertion

and use of other modules in the slots, such as dual function media drive/relay ports,



the robotic nmedia transport device). The invention additionally
contenplates the insertion and use of other nodules in the slots, such as
dual function nedia drive/relay ports, W 02/093451 PCT/US01/45809 4

swi tches, MM/ eways, routers, network storage, Ether RET/UIHI/45809 DASD,
hosts, storage emrulators, etc. The robotic nedia transport device is ,
programmed to recogni ze which type of nodule (if any) occupies each slot,
and to conmuni cate with any occupant appropriately. _Cables, connectors, or
ot her switches,nysbsaigatewaysi dudenso natwaskstarage. Ethemetwited PASEH, @eﬁ{‘lﬂ' éfﬂ'??e
couple any nedia drive or command rel ay port (or other nodul e) occupying
the snoblateirs,hetc.h@heobboticmedii tsanspart%auqe ig pragrammadtogiecodnes P“!ﬂ"’\ﬁ &He a
host if applicable. For each slot, the robotic device determ nes a state
of eadf mddulle {ihahydiccypies@ach skt odndtociommunicateyithhanecavpantappreprialelt her
the slot is enpty. For each slot occupied by a coomand relay port, the
robotic de\G4ifted, esomineetorsiect athier ansplings arenprnitedf tooautamatically br cuanpvalliie
command relay port, and carries out these commands to nove the nedia itens
anong e|&dAGAIly ISR Medinbfivener corimantnglaymdityos btengrodiilelsocaupyiing the
drives, etc. "For each slot occupied by a nedia drive, the robotic device

Ty exGOAARMT NS roLuie medk! ﬁéﬂs}?ﬂ%viéé?faﬁﬁf@étioﬂally Yitht 2 oseifiagelicatsie. For
nmessages, or nothing at all. descri bed above, then, one aspect of the
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occupied by a media drive, the robotic device may exchange various configuration
information, system management messages, or nothing at all.
As described above, then, one aspect of the invention concerns an apparatus such

as a data storage library. The invention may also be implemented in a number of .other .

forms. For example, the invention may be implemented to provide a method operable in a

data siorage library. In still another embodiment, the invention may be implemented to
provide a signal-bearing medium tangibly embodying a program of machine-readable
instructions executable by a digital data processing apparatus to operate in a data storage
library as discussed herein. Another embodiment concerns logic circuitry having multiple
interconnected electrically conductive elements configured to operate in a data storage
library as discussed herein.

The invention affords its users with a number of distinct advantages. Significantly,



| i brary as discussed herein. The invention affords its users with a nunber
of distinct advantages. Significantly, WO 02/093451 PCT/US01/45809 5 this
i nvention preserves the custoner's data storage |ibrary investnent, since
command r WQ82/9M51s can be upgraded to external ly conmmunPERUEOVEBNg new
and different host interconnects and/®r protocols while preserving the
sane type of internal comrunications wth the robotic device. Thus,

by
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occupants, nunber and type of host connections to the robotic devic and
the | iwith. tHen robtic devjee.d, Thuss byuparading icemsaand, selay mﬁ&éstmﬁ&eéa%%ﬁ@? may
i ncrease (or decrease) the nunmber of command relay ports at any tine to
accomgugienseracanhisslatesthienbatic device from: avanges: in teshinical standards geteshnelogy
possi ble without having to dedicate space in the library for anx ports.
Rel at qgbl., CHangks e librafys hbsbinterfacésthereforeanged not/kender the rebglio dewisased
with a command relay port or nedia drive (or other nodule), giving the
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libraries wthin one library system Al so, since the robotic nedia
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increase (or decrease) the number of command relay ports at any time to accommodate a
host being added (or removed); moreover, this benefit is possible without having to
dedicate space in the library for any ports. Relatedly, the invention is flexible because any
given slot may be housed with a command relay port or media drive (or other module), -
giving the advantage of increasing host connections, data access devices, or logical -
libraries within one library system.

Also, since the robotic media transport device communicates with separate hosts via
separate command relay ports, and may be configured .to partition the body of media items
for non-overlapping host access, the invention avoids complicated host software that would
otherwise be required to operate shared components. And, in the event multiple command
relay ports are installed, the invention also offers the advantage of providing redundant

paths to the robotic device, which may be useful when a desired path to the robotic device

fails or is otherwise unavailable. Also, since the slots may house distinct and even



paths to the robotic device, which may be useful when a desired path to the
robotic device fails or is otherw se unavailable. Al so, since the slots
may house distinct and even WO 02/ 093451 PCT/ US01/ 45809 6 inconpatible
command reMayopes4ss, the library of the invention is benePCEU/48Bause it
enabl es sharing of a single robotic medi a transport device and a conmon
inventory of nedia items despite having a heterogeneous mx of otherw se

i nconpati bl e hosts, application software and/ or comrunicati on grot ocol s.
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I nterconnections of a data storage library, accordin ot l.hvention
since each host enjoys exclusive access to its own percenve«ig “I’lbraryr.ua a\tnoug this’

“library” is actually a smailer partition of the entire body of media items. Further, partitioning
helps preserve the security and integrity of the library by preventing different hosts from
confusing each other by inconsistently using shared media items. As compared to the use
of a completely separate library for each host, which would also preserve library security -
and integrity, partitioning reaps a cértain economy of scale by sharing the library housing,
shelves, robotic mechanism, and other common library infrastructure.

The invention also provides a numb.er of other advantages and benefits, which

should be apparent from the following description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1A is a block diagram of the hardware components and interconnections of a data

storage library according to the invention.

FIGURE 1B is a block diagram of the hardware components and interconnections of an

exemplary command relay port according to the invention. -



FIGURE 1 Bis a block diagramof the hardware conponents and

I nterconnections of an exenplary conmand relay port according to the

i nvention. WD 02/ 093451 PCT/US01/45809 7 FIGURE 2 is a bl ock diagram of a
digital dawo essssi ng nachi ne according to the inventi 88T/USPIEIRE 3 shows
an exenpl ary signal -bearing nmedi um accbrding to the invention. FIGURE 4 is
a flowhart show ng a sequence for operating the data storage |ibrary of
the invention. DETAILED DESCRI PTI ON The nature, objectives, and advantages
of theIGUREN?iigna blbtk kitmgram obae digitehdata pracessingsmasching| aecar¢ing e e
after considering the follow ng detailed description in- connection wth

t he apoemguayi ng drawi ngs. HARDWARE COMPONENTS & | NTERCONNECTI ONS

I ntroduction One aspect of the invention concerns a data storage/retrieval
| i br agpsURRIFEhdvis 8% exBmbldrg dighul-beéaringi hedium dddrdifg fo tBerEventionThe | brary
102 is coupled to one or nore hosts 104, which conprise two hosts 106, 108
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110, ﬁl&gh%ﬁ?@%i@@gﬂﬁ@w@mdpa transg%rt ’g‘gvi ce 118 ("robotic

devi cﬁ\', nticﬁ‘Pd vari ous storage bins 120 for nedia itens. Each slot 110-116
is configured to receive, at mninmum either (1) a nedia drive, such as
152, operable to read and/or wite data fromto nedia renovably | oaded

into the nedia drive, (2) a such as 150, operable to
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convey nedi a transport conma roma host to the robotic device, or (3)
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(or- \t/\g]tegoggrskiued in the art after considering the following detailed description in connection

with the accompanying drawings.

HARDWARE COMPONENTS & INTERCONNECTIONS

Introduction

One aspect of the invention concems a data storage/retrieval library, which is
exemplified by the Iibréry 102 of FIGURE 1A. The library 102 is coupled to one or more
hosts 104, which comprise two hosts 106, 108 in the illustrated example. The library 102
includes a number of slots 110, 112, 114, 116, a robotic media transport device 118
(“robotic device"), and various storage bins 120 for media items. Each slot 110-116 is
configured to receive, at minimum, either (1) a media drive, such as 1562, operable to read
and/or write data from/to media removably loaded into the media drive, (2) a command
relay port, such as 150, operable to convey media transport commands from a host to the
robotic device, or (3) a module of various 'other'types (not shown). The robotic device 118
is programmed to recognize which type of module occupies each slot 110-116 (or-whether

any slots are empty), and to communicate with the occupants appropriately.



any slots are enpty), and to communicate with the occupants appropriately.
WO 02/ 093451 PCT/ USOL/ 45809 8 Storage Bins The library 102 manages the
positioning and access of "renovable" or "portable" data storage nedia
such as naWMee209345tpe, optical tape, optical disk, renmovaBf¥y 88% ¢ di sk
drive storage, CD-ROM digital video di sk (DVD), conpact flash or smart
media, plug-in circuit nodules, or other appropriate fornmat. Sonme of these
types of storage nedia my be self- contained within a portabl e container,
or "c®téragd®Biis For universal reference to any of these types of storage
media, this disclosure refers to "itens" of nedia. The stora?e bins 120
house the mRgilbradefR nidrmgesthe iBitioaingcamp aceesssoklremovablel’ @ S'portabiRs,
frames, or any device(s) for holding nedia itens of the type inplenented in
t he | idakfEtrddi? melinesiithas MRayrmatz tape mptioal tage, opticabdiskpremaevables magnetic
portals, doors, conpartnments, or other inport/export construct to aid the
r obot ik @M€ Stdrbfe] CORROM! digital Widbadisk €DV eomphet fash arysrat roedia,
receiving nmedia itens externally introduced into the library 102. The

stor a%ﬁ;@#nﬁr&ﬁ%méﬁ, dricthen apbrogrifte feriat Somedf thesé types distorage caddig

divid 0 vartous partitions 120a-120c, as discussed in greater detail
bel oW, DBL SelfEoftafted Wiin o BoasgROhEMeTRoMidaRBge ™ NP Grisersalorafsrbnce

morksgg | ons, personal conputers, conputer networks, servers, data entry
term nal.s t Wor, eV : | i e capabl e of
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f th I 110-11q. . : d
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nmedi a drives housed in others, o

the halats, racks, frames, or any devnce{s) O holmG Smadid itahs of the’typBafrpldriert¥d h! €
the library 102. The bins 120 may also include one or more shelves, portals, doors,
compartments, or ofher import/export construct to aid the robotic device 118 in exporting
media items from the library 102 or receiving media items externally introduced into the
library 102.
The storage bins 120 media items, or a combination of both may be logically divided

into various partitions 120a-120c, as discussed in greater detail below.

Hosts

The hosts 106, 108 comprise mainframe computers, computer workstations,
personal computers, computer networks, servers, data entry terminals, network devices,
.network appliances, or other means capable of providing media transport commands to
appropriately configured occupants of the slots 110-116 (such as, command relay ports, for
example), housed in the siots 110-116, and capable of exchanging r_nachine-readable data
with media drives housed in others of the slots 110-116. As a specific example, the hosts

106, 108 may comprise computing machines such as IBM brand RS/6000 servers.



106, 108 may conprise conputing machi nes such as | BM brand R

WO 02/ 093451 PCTI USOL/ 45809 9 Slots & Connectors The slots fﬁg?ggGServers.
conpri se openi ngs, receptacles, housings, shelves, drawers, franmes, or

ot her consWQ(093450 recei ve nedia drives and command rel aycwswsms a
specific exanple, the slots 110-116 mel. conprise rigid bays sized to
receive 5.25 inch form factor tape drives such | BM nodel 3570 tape drives
I n one enbodi ment, each slot includes a host connector, shown as 110a

112a, s|dtsdaContéctorssach sl ot's host connector is configured to ’
automatically, aetachably, and electrically couple to a nedia drive or
command el BRE 14PON6 Bemptiseropeningst eceptades, MbisingthsshalvasaHBYEES,
11Ca-116a are electrically coupled to external library connectors 122-128,
whi ch fﬁééﬁeﬁbﬂ bitRf fcBhshEetyabl sscenenhedig diivesoand chetnanddelay partsst ASaBl es
107, 109. re particularly, in configuring the library 102 for operation,
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particularly, in configuring the library 102 for operation, each occupied slot (such as 110,

112 as illustrated) is coupled to one of the hosts by attaching a host cable (such as 107,
109) to the slot's corresponding external library connector (such as 122,124).

Alternatively, the slot connectors 110a-116a may be coupled to their occupants by
hand. rather than automatically. ‘In still another embodiment, connectors 110a-116a for one
or more slots may be omitted, in which case the occupants of these slots are manually
coupled to their respective hosts, for examble by coupling a cable between a fixture of the
slot occupant and the external connector 122-128 or the host itself.

The host cables 107, 109 may comprise any suitable means for conveying signals,
such as a bus with one or more conductive members (such as wfres. coaxial cable, twisted
pair, conductive traces, etc.), wireless communications (such as radio frequency or other
electromagnetic signals, infrared communications, etc.), fiber optic communications, or

another suitable path. Furthermore, the cables 107, 109 may employ serial, parallel, or



anot her suitable path. Furthernore, the cables 107, 109 may enpl oy serial,
paral lel, or WO 02/093451 PCT/USO01/ 45809 10 anot her conmuni cations format,
using digital or analog signals as desired. In the case of the cable 109,

t he pur pos¥0 &/@5tonduct data back and forth between th&CRASPI/488 and
medi a drive 152, such data being wittlen to and/or read froma nedia item
nmounted to the drive 152. Relatedly, the cable 109 nay al so carry commands
directed fromthe host 106, to the nedia drive 152, such as READ, WRITE,
REW N@notdayAbemunitalionsTormatc usifp aligital poanaled sighals@sislesired7 i s to conduct
hi gh-1evel instructions ("nmedia transport commands”) between the host 106

and the rolpticcaivofthelcable 109, the purmosarisi to cenduct data bagloandrfesthikatwgen
transport commands constitute instructions for the robotic device to

retri QN& hoSOMI5 afd Fhedigave/ 852, auch dath being evrittendo dedior eeadfromemedia kem) f
desired, the cable 107 may al so carry response signals returned by the

r obot ihogiftel 46 the Hrive 1518 RupstediyDthe Eble ool nay disw cdrry\conibandsdiredagr i se

a dual purpose nedia drive as taught by the '856 application nmentioned

above frd ¢ hBsC 168 4b TRE medit airiva Cl52¢ BilrPbs READI WRITESREWIND,, ADFANCE, 120)
pled to

I's cou e robotic device 118 via the port 118f, and the cable 109

ddi ti f | i : . .
acdi t 1 ANEQAD, B ThE Hurbgsd 8l the Cate A0 i85 Beduct ATGIRIRJE! inststions (Tredias!

106 an otic’ device ual purpose drive 152. A single host

T2 D SriapB e} bBlyiagH Methdsk 1961 the BEMCUAGY!1B Methe-aufimahtons,

for rives and/or conmand relay ports residing in

host  dBIcReb: 151 03nG 15a Hangip SoMpTtRY foonSlIRAF |RRFIEEN for HE RYCE

Fecel \devRRISAREEVP: BRVP, ATLPBCRNTO G 71 Cotla BEE SR, Of defired,

redi a tﬂ;ic\gilse E1i(r)]'(/]I rﬁgym;‘fsgdcarrsyl ?e%pggéé Ssign(éq)x[s r%?&hgé btyht%Eaer%Bbtic'device 118 to the
host 106.

Optionally, the drive 152 may comprise a dual purpose media drive as taught by the
'856 application mentioned above. In this embodiment, the back end of the drive 152 (i.e.,
port 112b) is coupled to the robotic device 118 via the port 118f, and the cable 109
additionally functions to carry media transport commands between the host 106 and robotic
device 118 via the dual purpose drive 152.

A single host may be coupled to multiple sloté in order to achieve multiple
connections, for example to muitiple media drives and/or command relay ports residing in
the slots. In the embodiment mentioned above, where each slot includes a host connector
110a-116a, the shape, placement, eiectrical pin-out, ‘and other configuration of the
connectors 110a-116a may be selected to receive and electrically mate with corresponding

connectors (not shown) on media drives and command relay ports, or cables thereto.

Ordinarily skilled artisans, having the benefit of this disclosure, will recognize a variety of



Odinarily skilled artisans, having the benefit of this disclosure, wll
recogni ze a variety of WO 02/093451 PCT/ USOL/ 45809 11 different connectors
and/ or cables suitable for these purposes. In addition to the host

connect or SWOL@#93456a, each sl ot 110-116 may i ncl ude a r ob&CTUSHARBYe
connector 11(b-116b, according to onel&nbodi ment. The robotic device
connectors 11(b-116b are configured to detachably, electrically couple to

command relay ports inserted into.the respecti slots, and may even

achi e@éﬂ%f@ﬁwmﬁtqrﬁéna Gﬁﬁlﬁﬁéwt‘%}e ??fr}éﬁsqo?l‘é@#%%n of the command rel ay
port. The connection 110-116b nmay  al sp, couple to, other.c n lyaserted
into the réapddition ta Hie hagtcp t?’?nﬁ“@éﬁfﬁ.ﬂ\iﬁiﬁhi %ﬂgq\mfﬁrgfﬁ%§ i&@tl)'ggi %
devi ce, such conponents including as one exanpl e dual purpose di rjives.
! G rebatiendeving ponosciond 1DRvdAP: aRcordRgc e eamodimedtt RES doBR felice
configuration-related i nformati on (non- custoner-data) between the, robotic
devi ceonnectarsi110t-d1l6b @re wosfigured tasletaghablyy gleckically Courle; to copynARd relaY
110b-116b may al so be configured to detachably, electrically couple to
medi a phrisvinserted intethe respectisscsiotsoAnd may evemadhievessiahegOURng aytamaticaliy by
a single, conmmon connector conpatible with both conmand relay ports and
medi a yponviasertion of ¢hercatemand nelay gog. t Theacomneotiontld Oati6b mayfalserewrleitd t he

respective | ayouts of conmand.relay ports and nedia drives. Moreover,

r at herothéradbrapendlits #eriedrintectheassperied slotss and reguiring EoramRBicalions vithdbei ons
between the slots 110-116 and the robotic device 118 may be inplenmented in

ot her rBB&ﬁ?dexﬁé\é’,@u%ﬁ @RfborehisTRERdINgSone exdfplettialpuipose swedia deses.ddnsy
chains, nmultirdrop configuration, etc. As still another alternative, the

connec %;S aeﬂt? 'ééﬁpborzﬁ?/cb%eorm%ﬁg' WiwhicH: O toRfdm@ateBet REN exBhaige  of

occupa _ ro vice being made nmenual |y by cable, wre,
benef | nBaERPD Tehetd ismEtion; (fpn- £AAbAEF4at) BebieeRInBTLLAR Yo 1B andne
connectors that oy, be syibaple Hobtid Hevicd' GoRNEHoRU1RE5956b may also be
configured to detachably, electrically couple to media drives in the slots. Each connector
110b-116b may be implemented by a single, common connector compatible with both .
- command relay'ports and media drives, or separate connectors to accommodate any
differences in the respective layouts of command.relay ports and media drives. Moreover,
rather than the direct connections as illustrated in FIGURE 1A, connections between the
slots 110-116 and the robotic device 118 may be implemented in other forms, such as one
or more loops, rings, networks, switches, daisy chains, muiltidrop configuration, etc. As still
another alternative, the connectors 110b-116b may be omitted, with connection between '
slot occupanté and the robotic device 118 being made manually by cable, wire, wireless

coupling, or other link. Ordinarily skilled artisans, having the benefit of this disclosure, will

recognize a variety of different connectors that may be suitable for the foregoing purposes.

Media Drives



Medi a Drives WO 02/ 093451 PCTI USCOL/ 45809 12 The nedia drives conprise
machi nes for exchanging data with portable data storage nedia such as

t hose nentioned herein. Each drive may be read-only, wite-only, or

read/ writ eWdd 920098451 dependi ng upon the needs of the appli cZCTRIF01/4580% he
illustrated exanples, the nmedia drivd3 conprise 5.25 inch size magnetic
tape drives. One exenplary tape drive is the IBM nodel 3570 tape drive.

Al t hough magnetic tape is discussed herein, the nedia, driyv £ rise
machi nes f Therreediardsives ¢omprige machinestferexchangingsiata wﬁaipg@gmé $ ‘HEB? cal
di skettes, renovabl e nmagnetic di sk storage, plug-in rrermrg nodul es, etc. As
one exmedibesurh asedhoses taehtiariednhenein. uskach deve dRy, ber read-onlke WHEIPAY YO v e
152 is shown installed in the. slot 112. The nedia drive 152 receives

host s'read/aitedives, dependingrupgndse neegmof theapplication: dn the dlstraled exasiRRis by
accessing the | oaded nedia itemand transmtting or receiving the

I eqUEShE thdltith driveS cbimpribe St25inoh sizeamadristic. tapp drives| Dpe exemplary tapeidiver i ve
and robotic device are so configured, the nmedia drive may exchange

conf i Gu¥KE |EN rhadelras0i tBPe A0S AthbOGR Mmagnbtd tapie is distuisset tierein,dbeirmedials
via the robotic device connector 112b. Such configuration information

| Nl UdGRes o KAPHES maddtSfor 6aIAb Snd/r WtingRAReCRMOEMN madiasuctn adal a,
I nTorma

and other I on concerning properties of the drive and/or its

oner ald el FSRARRL RMByhe oI sk sAels Gt memory moduRsrletaye pin- out s

connec _ epths,” and other Teatures, the .corrpati bl e nedi a
ni for iy % OB S AR, e et Fid G5 B e e ™ he
. ool el 6n SPER A e Ut B s nghernesd shor vinies
Ports requests upon the connector 112a, and responds by accessing the loaded media item and
transmitting or receiving the requested data via the host connector 112a. Optionally, if the
media drive and robotic device are so configured, the media drive may exchange
configuration information (non-customer-data) with the robotic device 118 via the robotic
device connector 112b. Such cohfig'uration information includes, as examples, status
signals, error messages, configuration data, and other'information conceming properties of
the drive and/or its operation.

Recogniziﬁg the lack of standardization in media drive pin-outs, connectors, physical
depths, and other features, the compatible media drives may comprise commercially
available media drives repackaged to uniformly fit and connect to the slots. As standards

evolve, however, the slots may be designed for compatibility with pin-outs, connectors,

sizes, and other media drive features that become standardized.

Command Relay Ports

In the illustrated examples, each command relay port (such as 150) comprises a



In the illustrated exanples, each command relay port (such as 150)
conprises a WO 02/093451 PCT/ USOL/ 45809 13 5.25 inch formfactor

el ectronic interface configured to relay signals between one of the hosts
(such as 188 02985t he robotic device 118. Mre parti cul ar PET/USAE4S8mand
relay port 150 translates between sidhals in the interface format used by
hosts (such as SCSI signals .present at the host connectors 11 QOa-116a)
and signals in the interface format used by the robotic device 118 (such
as RS&2%)nchl forra faotr, electromie nterface zonfigurgd 40 relayrsignals between gpeaf the
device 118, the command relay port 150 may function as a conduit, or

act ualhogts (306N &sSKE) iandahe cebatic-deviseotitfh Monecparticylariysdhe soginaand taldy port
construction of an exenplary comand relay port in greater detail,

r ef er emEardrisIdtes Betwieenl sigils iBtheTihteriacenfamuat uskd ypwsts (s50h @sBLSksignals
housi ng, such as a printed circuit board, nmetal box or other enclosure,

etc. .g%é&ém ot e RBSIERMeLRYs thea-1164) and sighals indhetmterface format used By the
i ncludes a controller 152, storage 154, and connectors 156, 158. The host

conne - il apkiehf sy REWPECT 108 Host Ulikzdiote samersighairforrhdDas théa;
di rectq'fjg&{%at Igé,g?ngglggrésg 122-178 or to' a cabl e desi gnegl for coupling to

mochanDBARC GPvicei18e HE St iy o 19 maf luridhoRnés 8 e D op ol
ot aromareh Sl b ROl TO ) o 110 “he robot i< devi ce connect or
L8 L S Riash OSSR, Jf I, BABIERS, oGl BRIRRE B gl adan s
Gesi grietereise Baae Ry KiHRE OB ThEemand el b T cAMidHhs Riydifo.RENTC
st alasaaiRsinies cireidt BBRE, 158l oF o8 Qe SRS RE: cOIVBITEroUBS 1958 ses
A ST sing. the. command relay port 180 includes a controlr 183 atordge 154, and

connectors 156, 158. The host connector 158 is shaped for connection to the host

. connectors 110a-116a; directly to the connectors 122-128 or to' a cable designed for

coupling to the connector 122; directly to the host 106; or te any other coupling,

mechanism, or device designed for coupling the .port 150 to the host 106. The host

connector 158 may even constitute the host connector 110a upon installation of the port

150 in its slot 110. The robotic device connector 156 is shapéd for connection to the robotic

device connector 110b; to a cable designed for coupling to the connector 110b; directly to

one of the robotic device ports 118f; or to any other coupling, mechanism, or device

designed for coupling the port 150 to the robotic device 118. The robotic device connector

156 may even constitute the connector 110b upon installation of the port 150 in its slot 110.

The controller 152 comprises discrete circuitry, logic circuitry, ASICs, signal processing

circuitry, microprocessors, or other digital or analog processing circuitry to translate




circuitry, mcroprocessors, or other digital or analog processing circuitry
to translate WO 02/ 093451 PCT/ USOL/ 45809 14 between one signal format at

t he host connector 158 and anot her signal fornmat at the robotic device
connect or WEB02/0834sone exanpl e, the controller 152 may ser PET{USOY/458¥s] at e
bet ween SCSI or Fibre Channel signalsl¢froma host) and RS-422 signals (at
the robotic device 118). Sone command relay ports may be designed for
hosts that use the sane signal format as the robotic device 118, in which
case betwearmonadsigredl format at 115 hosbapnnectyr 15& and anothemsignalyfosmah agr'f'i'e t he
controller 152 and storage 154, with a shunt or carry-through circuitry
subst rébbtitdevice edmrectdmt5e:t dsagre examplenthei candroer 462 may senve g transiate
nonvol atil e storage, buffers, nmenory registers, or any other digital data

st or agetiest 5CSI dr FibreuShahieltdignalo (from|d host) ahdi RS4E2f signals gati the robotic
transl ation tasks. The storage 154 may be integrated into the controller

152, idbvidesi183d- Semédonithame ealay yorts o niayrise desighed dominasts dhat usedthei sgme f y
sl ot construction, conmand relay ports for use in the library 102 nay be

bui It sichal 6mBdtTRs thaCrobBflc CRNARS TS i wirdthiedse dhe) carmiahd reta portr 15€s o
be recelved by the slots 110-116. As one exanple of the installation and

use Ofcogr]pg@g{?g‘?)nﬁlﬁﬁ.@nd:’ﬁfa%evbﬁ%rﬁ?ﬂﬁ@%ﬁtrbl%r%zwd stbFdgel 545 ithra smsmit @k | ed

in the The' port O carries nedia transport commands of the host
the r saOvtiolBl b nted ndigfory e §@fderfon BhrpRses Breliey memonp T
ol ay ABMPRIP ShtERs; PurBRptEoldedlsirS, A BEr SRR SaR e YA, ©
our posise(BoMn kanTONey Tadim periogBing s Banmalien ks, *JB¥ GRBB .15 few he
1. integrated into the controller 152, if desired. |
Advantageously, to consolidate connéciors and simplify slot cc;ﬁstmction, command
relay ports for use in the library 102 may be built to the same size and cor:mectivity
standard(s) as the media drives to be received b& the slots 110-116. As one example of
the installation and use of a command relay port, the command relay port 150 is shown
installed in the slot 110. The port 150 carries media transport commands of the host 106 to
the robotic device 118, and also carries any return signals from the robotic device 118 back
to the host 106.
For ease of reference, the term ‘“relay moduie" is used to refer to hardware
components configured to relay media transport commands between one or more hosts

and the robotic device. Thus, “relay modules” may include command relay ports, dual

purpose (combination) media drive and command relay port units, and the like.

Other Devices for Use in Slots

In addition to the command relay ports and media drives disclosed above, the




O her Devices for Use in Slots In addition to the command relay ports and
medi a drives disclosed above, the WO 02/093451 PCTI USOLl/ 45809 15 invention
al so contenpl ates ot her occupants of the slots 110-116. For instance, each
sl ot nay KMOueX09MSEi br e Channel gateway, router, sw tch hPET/USB4680%
storage, Ethernet, DASD, or host. Andfher exenplary slot occupant is a
storage enul ator, for exanple, a device that nakes the nedia itens in the
| i brary appear to the hosts to be as a hard disk drive or other SCSI

st or agRyeitivh diso EbnitbRpIATES @thet! cticBpdritd of tife siats hitlkd &6 dFair imstamass @agk $lot
drive/relay ports as taught by the '856 application nentioned above.

Robot irﬁag)Dﬁ&iJieea EstecHastinet gaRWayerokidt, switdhhsts retworktstorager Ethbfust, DASD:
nmecna

handl i n nism 118c, command set storage 118a, partition nmap 118e,

conf i ginst. CRnb e eflerhpiity sk dcafidnt isld 8foragel bmulmor, Sorle@impienpdesiee that
mul ti-conductor register ports, which are known in the art, or another

sul t A gy {@%g&@%ﬁ@ﬁgﬁﬁigm@heﬂ%&ﬁe hbb2&6 bePas & hardiisk drive @r etiser

i nks, he e ani sm 118c i ncl udes servos, notors,

0 A5 BESTapBA BB, 908102009, g s s

equi p I ncl ude east) the transportation
of nmedia itens between/ ng t, L@l | ' | ots 110-116, storage
bi ns 1%9"?%%@%3?’9@@?)%@'& §§§ gB &lf%ggﬁneméeﬁ'gﬂ#é;dm%%% may, for exanple,

i nclude a robotic armor other cartridge handling device. As a nore

particul ar, exanple, the nechanism 118c nay conpri se an accessor/gripper as
taughtR t VMiegsmercial |y avail abl e | BM nodel 3494 data storage library.

b oceasi ng Thestotoe gevigar OB eyt a Al Hed: teororainBrfc i1t ony
P @ OO B iereoa 1184 St rration oo 1 Flb, Sha s 7Y
The ports 118f comprise muiti-conductor register ports, which are known in the art, or
another suitable arrangement such as serial ports, fiber optic links, wireless links, etc. The
media handling mechar{ism ;180 includes servos, motors, arms, grippers.'sensors and
other robotic, mechanical, and electrical equipment to pérfdrrﬁ functions'that include '(aﬁ
least) the transportation of media items between/among the media drives in the slots
1-10-116. storage bins 120, import/export areas, etc. The mechanism 118c may, for
example, include a robotic arm or other cartridge handling device. As a more partic;ular
example, the mechanism 118¢ may comprise an accessor/gripper as taught by the
commercially available IBM model 3494 data storage library.
As discussed below, the controller 118d comprises one or more data processing
machines, which may be implemented using a variety of different hardware components.
As one optional function, the céntroller 118d may communicate with the command relay

ports 150 and media drives 152 for various housekeeping reasons, described in greater

defail below. More importantly, the controller 118d enables the robotic device 118 to




ports 150 and nedia drives 152 for various housekeeping reasons, described
in greater detail below Mre inportantly, the controller 118d enables the
robotic device 118 to WO 02/093451 PCTI USOL/ 45809 16 respond to high-1level
medi a traniNoez0984tmrands originating with the hosts 106, POE/URAL4SE09
transnmtted to the robotic device vialtonmand relay ports (such as 150). As
an exanple, some of these commands nay conprise nedia noverment commands
identifying a particular media itemand a desired nedia destinatian.

Possi pésponedicahighdevel anedia dranspoit wosmansis erigingling, witl dhey hasisy 125, W%t fad
slots 110-116, the storage bins 120, inport/export areas, etc. To

i | | ustrankmittstbtocthenmpbatiy devigeaia permmant irelay pertsdsuch as 199).nAp anexdRlenedi a
transport commands fromthe host 106 via the cable 107, external connector
122, lkefie ofotheest cominhnds, magnoemprises|ragdipomovement roopymardsiddentidying a
connector 11 Ob, and port 11 8f. The controller 11 8d uses these signals

t o geparifarnBiedis ileen fand aodesirdd seglian| destinatjon, | HPessibie t mediae degtinationst of
t he mechani sm 118c. These specific control signals include instructions to

shi ft indiGdertf8r exirhple, AedizPdres iAthe Slots TrE0: 1§, the staragi bires 24, firaportiekport
achi evi ng t he desired nedia novenent. Thus, the high-level, nedia

tr ans%?%%fé?wmmgtfa‘?ée’bh@%xehﬁéﬁ sifp@l patASthescoriolior ¥18U raytretéiee meddiai

T o o s 080 P s et v
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Fur t nahasdmireion b1 87 eds [RS8 HiePole EUEREde ricrepabig Bbfuar T 25080, '
Unve o tog coinmipat O cher mesBaney 41860 Thede, Kol EotitRl, Snd  FBRHE"™
rem ri]rlrsnt(”r:]uctions to shift, rotate, grip, and other actions having the combined effect of achieving -
the desired media movement. Thus, the high-level, media transbort commands from the
hosts 106, 108 may simply direct the robotic device 118, for example, to load a media item
from a given storage bin to one of the media drives. In contrast, control signals
responsively generated by the controller 118d specificaily instruct the mechanism 118¢ to
effectuate vertical and horizontal movements, grip and release actions, rotating or pivoting,

and any other movement appropriate to carry out'the host's high-level media movement

command.

As mentioned above, and also in further detail below, the controller 118d may be
implemented in various ways. - As a further option, the controller 118d may comprise a
modular unit that plugs into one of the slots 110-116 aﬁd communicétes with the remaining
components of the robotic device 1;|8 via one of the ports 110b-116b and one of the ports
118f. In still another embodiment, the controller 118d may comprise a shared function

processor located in a media drive such as 152.



components of the robotic device 118 via one of the ports 110b-116b and one
of the ports 118f: In still another enbodinent, the controller 118d may
conprise a shared function processor located in a nmedia drive such as 152.
WO 02/ 0934WI0 @@P845601/ 45809 17 The conmand set storage 1PCEASOHB ti on
map 11 8e, and configuration record 14878b nmay be inplenented with | ookup
tables, linked lists, files, records, databases, or any other data
structure stored in volatile or nonvol atile nenory, storage, hardware, or
any other Theacommand sebstarage d48a.1patitiommapdtiBe, andcanfiguration fregrdsl 18b
firmvare routines, subroutines, software, or other functions invoked to

i ni ti ahay be impipoented withdlookupl tabiesa finkerblists, files de¢ards odatabases, rany other
routi nes, conmands, subroutines, software, or other functions invoked to

i ni ti addta GtrucRIE Bi6redoint tslatife dbranciniolatite mMiémonyp storage,sbardwatsaomagy ather
anticipate other types of slot occupants, such as Fibre Channel gateways,

rout ermeansW ThEeCommaindosét 3184 dpeludes i 5 cestair zomneandsyt fimsyard umdutipes,pose
media drives, etc. In the present exanple, the command set for the comand

rel ay Qubrbdtine8NBoftwaR, dr omerfncidnsintbiead:ti inltiate or vespdrithto commanl | rethyi n
response to di tferent SCSI nedium changer commands, these functions

servi '}g)rfs?aﬁ&gF)’ot%Fﬂ areroutiRESTTERRTMankds, sEbioulifes Rftware, oriothdr fuaétionss to
t he medi a handling nmechani sm 118c. The.conmand sets 118a may i ncl ude
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makes, " a nedia drives as necessary. The configurati‘on
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number of different functions that are caI[ed in response to different SCSI medium changer
commands, these funcfions serving to carry out the SCSI commands by issuing speciﬁc
instructions to the media handiing mechanism 118c. The command sets 118a may include
numerous subsidiary command sets to accommodate different manufacturers, ‘makes,
and/or models of media drives as necessary. -
The configuration record 118b contains a record of the contents of each slot
110-116, that is, whether it contains nothing, a media drive, a command relay port, or
another type of occupant. The configuration record 118b may also contain details about
the slots’ contents, such as the manufacturer, make, model, speed, and capacity of a media
drive. The partition map 118e contains information designating one or more partitions,
where each partition includes one or more of the following: slots 110-116, either/both of the
media items and storage bins 120, import/export areas, etc. The configuration record also

associates each media transport command entry node (such as a command relay port or




where each partition includes one or nore of the follow ng: slots 110-116,
either/both of the nedia itens and storage bins 120, inport/export areas,
etc. The configuration record also associates each nedia transport comand
entry nodewael934ss a conmmand relay port or WO 02/ 093451 PCT/USSHSB5809 18
dual purpose nedia drive) with a partil8ular partition. Exenplary Digital
Dat a Processi ng Apparatus As nentioned above, conputing features such as
the controller 11 8d and controller 152 may be inplenented in various
f or ms duakpempese reedia drive)withha pagiawlasPafthioncont rol 1 er  118d and processor
152 may conprise separate digital data processing apparatuses, as
exenplified by the hardware conponents and interconnections of the digital

‘ it ta Proeessing Apparatys

processor 202, such as a mcroprocessor, workstation, personal conputer,
or other prAscmestionpdrabove)sompstipg deatucesasusharsthe gamtrolien,11§d,and cansaher
exanpl e, the storage 204 includes a fast-access storage 206, as well as
nonvol4&?i nay Heoingtiemanted iMharibas forms: eAs oseaxagpleomenalbethAfithe contalifim
access nenory ("RAM'), and may be used to store the programm ng

i nst r uatgidoasd PrSERsEer 163 rhane comprse separatd AigitBhdataoprocessing appaGIUaRs. 268
may conprise, for exanple, battery backup RAM EEPROV] one or nore nagnetic
dat a sh@nififiedi B Stel taraware "doripbnénts/aind dntempenecidnse of otheawjgital hdata

sui t abl e storage” devi ce. The apparatus 200 al so includes an input/output

210, h4HatusD of FIBIURE @l ect romagnetic |ink, or other neans for
t he rtsjg%%?‘ a%éziﬁto exchange data with other hardware external to the

t ! ! cata ! nars dhotdesor
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skilled artisa avi ng enefit of this disclosure) will recognize
t hat the ara LS ing! ' e 401
ai 11 cr kSRR pef3eF R, B BirBRiedSing rBUAHE ol Biel o B B0 In

the present example, the storage 204 includes a fast-access storage 206, as well as

nonvolatile storage 208. The fast-access stqrége 206 may comprise random access
memory (“RAM"), and may be used to store the programming instructions executed by the
processor 202. The nonvolatile storage 208 ‘may comprise, for example, battery backup
RAM, EEPROM, one or more magnetic data storége disks such as a "hard drive", a tape
drive, or any other suitable étorage device. The apparatus 200 also includes an
input/output 210, such as a line, bus, cable, electromagnetic link, or other means for the
processor 202 to exchange data with other hardware external to the apparatus 200.

Despite the specific foregoing description, ordinarily skilled artisans (having the
benefit of this disclosure) will recognize that the apparatus discussed above may be
implemented in a machine of different construction, without departing from the scope of the
invention. As a specific example, one of the components 206, 208 may be gliminated;
fﬁrthermore, the storage 204 may be provided on-board the processor 202, or even

provided externally to the apparatus 200.



I nvention. As a specific exanple, one of the conponents 206, 208 may be
elimnated; furthernore, the storage 204 may be provi ded on-board the
processor 202, or even provided externally to the apparatus 200. WO

02/ 093451 MAONP2988454 45809 19 Logic Circuitry In contrast PETUIBI/4BY t al
dat a processi ng apparatus di scussed ad®ve, a different enbodi nent of the

I nvention uses logic circuitry instead of conputer-executed instructions
to inplenent the controller 118d and/or controller 152. Dependi ng upon the
part i dpgig Cirewilqyii r enents of the application in the areas of speed, expense,
tooling costs, and the like, this logic may be inplenented by constructing
an appl i catin montrpstctd the idigita data: pregqessingtapparatus (@50%&9‘?’ r\%"’t"%o@sgﬂﬁagengf
tiny integrated transistors. Such an ASIC nmay be inplenented wth CMOS,
TTL, \dnfbodimentobthecinventicrabses logicstifcuinyi insteadof semputesraxgcuted Jnstrydioise a
digital signal processing chip ("DSP'), discrete circuitry (such as,

resi stgrimpleraémtathiel comtrollér otidsl, andidu contraller 452. t Dependingr épon the: particular
programmabl e gate array ("FPGA"), programmable logic array ("PLA"), and

t he | irkquirdREMATBIEG applicationde the akeas dfspesdy expensal tooling gosts, and theelike,
present ‘i nvention, the operational aspect of the present invention will now
be deg {si R by BENiiphstRental obie cohstructing cars appplicatien:spetific Hategratedtdirshit
generally i'nvolves the robotic device recogni zi ng how whet her each sl ot
L10- Linserf | ddvithy tREGsAMt A1 iy iftegrated cidrisidions. t NSUble awcASiGitmay be
certain appropridte ways. Although the present invention has broad

appl i cabili Hed t g i Ve ) Otiragiernatives Of
al | tyﬁwlém%%sﬁ&ﬁﬁﬁ??"."%é FTEIRLY ot Snofift sultabte Gshueltim | Glfsradiemenives D)
suited for magpeti.c tape nedia and.t Mpl We]al

errpha§T‘E'Hd§u%hd]'8' 'aﬁ'ﬁpglcgch%ﬁg]gg @ﬂg ' n§g tidgér?%\nﬂet Eg{ij@ﬁ%n&l@%r\n?gﬁaﬁﬁors,
i taéalp(z)arc]:itors, diodes, inductors, and transistors), field programmable gate array (‘FPGA”),

programmable logic array (“PLA"), and the like.

OPERATION

Having described the st.ructural features of the present invention, the operational
aspect of the present invention will now be described. As mentionéd above, the process
aspect of the invention generally involves the robotic device recognizing how/whether each
slot 110-116 is filled, and thereafter communicating with the occupant in certain appropriate
ways. Although the present invention has broad appligabiiity to media storage drives and
removable data storage media of all types, the specifics of the structure that has been
described is well suited for magﬁetic tape media, and the explanation that follows may

emphasize such an application of the invention without any intended limitation.

Signal-Bearing Media

In the embodiment where the controlier 118d and controller 152 perform mac_hine-



Signal -Bearing Media In the enbodi nent where the controller 118d and
controller 152 perform machi ne WO 02/ 093451 PCT/ US01/ 45809 20 executed
program sequences, these sequences may be inplenented in various forns of

si gnal - beaWOn@p/9348la. In the context of FIGURE 2, such si @RA[USHESINg nedi a
may conprise, for exanple, the storad® 204 or another signal-bearing
medi a, such as a magnetic data storage diskette 300 (FIGURE 3), directly
or indirectly accessible by the processor 202. Wether contained in the

st or agexez0ted plogramtseqeences; theses sequanses mray be implemented in vagouscfarmgr@fd on
a variety of machi ne-readabl e data storage nedia. Sone exanples include

di r ectsignaldearingomedia. (elngthe gontext ofit FIGURE "2 asuchd signal-bearingy miedia mayay
of inexpensive disks ("RAID'), or another direct access storage device

(" DASEomprises efor céxanple,s thes tstorage  204c lor aanotirern signal-bearingt ineadia,t speh as a

el ectronic non-volatile nenory (e.g., ROM EPROVM or EEPROV), battery

bac kUme’é%tid) EétaC Qiorﬁg@ﬂlsﬁéﬁé 800 i] IGORECS), dikativ orOirectiygadoelssibie bgathe
tape), paper "punch" cards, or other suitable signal-bearing nedia

i ncl udiragesytnr 202, OWRetbE %bnthin%'ﬂsm fhel SoragedRed, adigketien 300, on @lsewnens, that i on

links and wirel ess conmunications. In an illustrative enbodi ment of the
! nventuhamct{ohg mip 68! él&rerdeaﬁ%bbéhéwar h«a‘chir@n@aaamcma 'dtGrage Thedial eSemecct
code corrpl froma |anguage such "C," assenbly | anguage, etc. Logic

et hod SiEs Al aFect Aokl & (ebiaé'&ﬁéén@‘#t"éﬁfﬁ’é?%@ﬁﬁg?c R,
é%éﬁ?ﬁemﬁ@?ﬁg‘@oéi%@fﬁ@m 3)?°é"5tﬂpﬁ K %C.bﬁé P BeyicpC ( OASRY).
The reribaCoRss: Rorade, SEh ai meBet g Sbub.BPer HRSREL AbhBRnlen o g
many d ffek%% E%&%‘N or EEPROM), battery backup RAM, optical storage (e.g., CD-ROM,
WORM, DVD, digital optical tape), paper "punch” cards, or other suitable signal-bearing
media including analog or digital transmission media and analog and communication links
and wireless communications. In an illustrative embodiment of the invention, the

machine-readable instructions may comprise software object code, compiled from a

language such as “C,” assembly language, etc.

Logic Circuitry

In contrast to the signal-bearing medium discussed above, the method aspect of the
invention may be implemented using logic circuitry instead, without using a processor to
execute instructions. In this embodiment, the logic circuitry is implemented in the controller
118d and/or controller 152, 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.

Qverall Se of ration



of circuitry, as discussed above. Overall Sequence of Operation WO

02/ 093451 PCT/ USOL/ 45809 21 FIGURE 4 shows a sequence 400 to further
illustrate one exanple of the method aspect of the present invention.
Broadl y, iWQ¥34Sequence one or nore nedia drives and/ or PCEQIRH4PE0% el ay
ports are added to the library 102, affler which the library 102 operates
according to this configuration to satisfy host's' data storage/retrieval

needs. For ease of explanation, b it t, i ntended | nj ' h
exa(rjrpl e of FFGQ&@MSWA‘\P%Q?SQQQUSBGP f‘ﬁB t\é\n}{gnﬁ%nw@ atlgporleezgg%ryél'{e% @Fl'ﬁP'@BEEelA
as described above. In st 402, t echni ci installati I

Syt eraspent of thermsesant yenioRe Brogrbarn T seaserics| aNERT TREE BiedimyeSEndier

slots 110-116 with a conmand relay port or nmedia drive. .As nentioned
above, cantreaidhrelayi ports ara @dgedtteéza libeary ct0Z. eBt"ﬂ'B‘Fh g‘é%i"@%’éy f@}" oRerales ¢ ne
slots, although the present discussion (for ease of illustration) focuses
on conaocting ftaghis monfiguratidn te satishirhasts! data, stosaoeiretfieyal needsfrdfieasersf

FI GURE 1A, the operator fills the slot 110 with a conmand relay port. 150,
and f i gjlptaridtionsbot withcutvanyhintended dimzitation, theie@mple of (RlGURID4, is descrifrd: i or
initiates configuration of the library 102. This involves issuing an

appr opthi EoRtex® BNMhatsyisterh be FIGURE 1A dedescribetigabowdi ch may. originate from
one of the followi ng: one of the hosts 106, 108, a trigger, an auto

confi gure RQWSHLE2, Ftethhichin, imtaliatios enhginest, systensadmir(stratos loowther hamzned
to the robotic device separately fromthe hosts, etc. If the library is

| ISt i Mfﬁfg‘r lrl‘cfbbdéponesﬁleﬁlo@ﬁf {He SISI8AI0L NS With Sitconembnd welay iport axfmedia driver ar y

102; rary has been previously configured and operated, but step

402 Chﬁgg&gﬁaﬂﬁd 4HREC HePirRbnfidle caBhbIckad alietiety: BEONTeY devikds for Ui the

reconfi rary 1 addition to providing an

reconf Ty - ary 10 :
cont o ot AP B At4eEnf UhEFAs 1B E8ee P LSRARHtobtaes G oo ar ey

't hepclaritsbgr% ¥ne1d(i)a2 drives. In the example illustrated by FIGURE 1A, the operator filis the slot

110 with a command relay port 150, and fills the slot 112 with ‘a media drive 152. In step
404, the operator initiates configuration of the library 102. This involves issuing an
appropriate command to the robotic device 118, which may. originate from one of the
following: one of the hosts 106, 108, a trigger, an auto configure sequence, a system
administrator's console (not shown) coupled to the robotic device separately from the hosts,
etc. If the library is first powering-up, step 404 triggers the first configuration of the library
102; if the library has been previously configured and operated, but step 402 changed the
contents of the slots 110-116, then step 404 triggers reconfiguration of the library 102. In
addition to providing an instruction to configure or reconfigure, the command of step 404
may contain other information, such as identification of different partitions in the library 102.
Each partition may include one or more of the following: one or more media drives,

import/export areas, media items in the storage bins 120 (identified by serial number of



Each partition may include one or nore of the ,follow ng: one or nore nedia
drives, inport/export areas, nedia itens in the storage bins 120
(identified by serial nunmber of WD 02/093451 PCT/USOL/ 45809 22 nedi a
items, rowWIMMSLocations in the bins 120, pre- defi ned PSEASEE4B¥hs
120a-120c of the bins 120, or another?basis),or other library conponents.
In addition to contents of the partitions, step 404 al so maps between each

partition and one or nor rticular,.sl N . DO _ al
Do podesdia deaeowicelTan frealons i R bil deRres ARTREY ghpdblions 1200 100c df
(pertaining to the rtition of that slot) fromhosts.,t. e [ Vi ce
175, the ban 0. iother Rk At bsary armparaBly b Sedfiel B poeRe 6 e
slots as such, the slots may be incl u&’ed LN th%g?art i tion defrbni %} 8@%

Res porpartitionse stepeh04 @lso maps: Hsbyveen gach parttion Qne{of Jaore, particular, SIQEs., 1o
slots 110- 116 (step 406). Namely, for each slot, t rohotic device 118
det er rdomynand elay portacorsdual pur@,oa?cmesﬁaég’“@ﬁ tQ Pﬁt‘iﬁedgﬁﬂ f‘?ﬁ'"&d&ﬁ%ﬁéﬁ“%ir
type of occupant resides therein. In the illustrated enbodi nent,. thf

r obot icomieands: (pertiniog 4o rthe aeartiion pE that Alet) fom hgetsigathe fobolic dexigeal i ve
or command relay port. Depending upon the application, the robotic device
118 mepdtensatively, zathet than separatelytmapning balwes| partitionsangslets @sisush dhersirts
gateway, router, switch, hub, network storage, Ethernet, DASD, host,

st or agfagbylindleded ifLthe partitiondefiniidns.  drives, etc. Step 406 may be

performed by actually detecting certain properties of each slot's

occupant, Redpbnbivb 6 stpv404; thefobiotie device 418 dstermined thectateol dhgpslotsot 10-he
detecting approach, the robotic device 118 exchanges nessages with an

occupaiyy ft%:gaéé). t ﬁhﬁgey. YoreAdE s8R hé Rstiotit &l eviveot 18cdeterhines wihether1thb-sidt6b.
I ,

In this e meh robotic device 118 may utilize representative

sanpl ggtég{éuﬂ(g{d‘;ﬁf ‘;eﬁjicpctgggﬁpfj ocBlpled Owhbi /PRt of GEETPAM GBSIHES Iherei) Shothe

occup y comunicating with a slot's occupant, the

roboti iﬁus%’ea\{tieé: %mjb% irrrlrgXt, &Oen%lﬂ)%ic %Qﬁeqqt&a&été’rqniﬁé’m%ﬁgaeﬁ siot id&@uéé}ﬁ isa
media drive or command relay port. Depending upon the application, the robotic device
118 may recognize other occupant types as well, such as a Fibre Channel gateway, router,
switch, hub, network storage, Ethernet, DASD, host, storage emulator, dual purpose media
drives, etc. Step 406 may be performed by actually detecting certain properties of each

slot's occupant, or by being advised of the slots’ status.In one example of the

detecting approach, the robotic device 118 exchanges messages with an occupant of each
slot, via the appropriate robotic device port 110b-116b. In this embodiment, the robotic
device 118 may utilize representative samples of different command sets to attempt
communications with slots’ occupants. After successfully communicating with a slot's
occupant, the robotic device 118 may conduct more detailed communication using the
now-confirmed command set, for example determining a media drive's manufacturer,

make, model, speed, storage capacity, and other information. In a different example of the



now confirmed command set, for exanple determining a nedia drive's

manuf acturer, nake, nodel, speed, storage capacity, and other information.
In a different exanple of the WD 02/093451 PCTI USOL/ 45809 23 "detecting”
approach, W&2M#MSdf exchangi ng messages, the robotic deviPEEUBIBISE® ect s an
el ectrical configuration of the slots®occupant, for exanple by sensing an
electrical pull-up or pull-down that occurs when the slot is filled with
command relay port or media drive. This pull-up or pull-down is achieved
by an ‘wetéating! approach; inateagnof exchanging ahessages.thegobetic device 1148, detegty an
varieties of which will be apparent to ordinarily skilled artisans having

t he beeletirical ainfighratiohicf the slots) sacupant, fosexdnmplebytsessingrancelectrcal pulligp or
robotic device 118 operates an optical reader (not shown) such as a bar
code rpulidownthati gdcursswhenthe slofiés filted with domtmiamgluretdyi part bamediaidrive. This
reflective sensor, non-reflective sensor, or other visible indicator upon
t he sl piilbup @8 puillaitiwh isl actiévdd by afti dtionahmeehdmicalnamd electrizal sthudture diethece
118 uses touch, such as by experinentally contacting the slot occupant

Wi t h ag|pP pdriyovdriehes of Whidh Willde apparéit t@?@?@ﬁéﬂﬂ?@kiﬂéd Wrtisahs Mavingahé behefitd a
media iteminto each slot's occupant to identify the occupant’™s type.

Anot hegs GELRRY Gfé?:ios\ihée,' islﬁes‘iillaaﬁ'ﬁtﬁéfeéﬂnﬁodi'hﬁmr theCRIbdtic duvice! 118 op\ghétéfz &S

reader to identify t ots' occupants by using scanni ng based RF,

i ”d“CtJJ;gtF:g{ r8adét g"r%ofl %g@ﬁﬁf is%cﬂr?émé?rﬂaatri odd Fbatier 6F E@h% (;i‘r’eh%rmt@i dstettne

slots' es acc to’" one o the foregoing tas a conbi nation

?eiéfgé%tflgéaf.“ﬁwﬁé’ 83 PaET MERVR Reidh; BOnirafectif dehd, Br NE RGBS B¥iciler ]
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configuration record 11 8b. In this enbodinent, the robotic device .

det er nPmby; experineatally gttempding tatleaq 3iragdia item into each slot's occupant to identify

the occupant's type. Another embodiment utilizes a magnetic, “smart card", or other
wireless reader to identify the slots’ occupants by using scanning based on R#. inductive,
or other electric or magnetic fields. After determining the slots’ states according to one of
the foregoing tasks (or a combination thereof), the robotic device 118 stores the results in
the configuration record 118b.

In contrast with the foregoing, step 406 may be satisfied by specifically advising the
robotic device 118 of the library's configuration. In this embodiment, a human operator
manually examines each slot 110-116 and utilizes a system console to transmit this
information to the robotic device 118, or even store the results directly in the configuration
record 118b. In this embodiment, the robotic device determines the state of the slots (step
406) by receiving this input or by examining the configuration record 118b contéining this

input.



406) by receiving this input or by exam ning the configuration record 118b
containing this input. WO 02/093451 PCT/US01/45809 24 In any case, the
results of step 406 in the presently illustrated exanple include

recogni ti oWm§2/9Bs1r oboti ¢ device 118 that a command rel aPCEASP1/48 | ies in
the slot 110, that a nedia drive 152 Rfes in the slot 112, and that slots
114, 116 are enpty. In step 407, the robotic device 118 inplements any
applicable partitioning schenme. Each partition, are inpl enent ed,

defines a spi any dage| the resultsroft step|406r bur thet presen@dlt@éam 9@5@'& ipgluggi v
those hosts attached to that partition via a command rel ay port or dual

pur pPOsEcdtitich byithe PobdtiRcevies 118 itivat a woinmirel eelayepodf150akad int thessliothI®h
may conprise any of the following: one or nore storage bins 120, one or

mor e Rst A niddMTBriven 62 ties Dt Sibb1 $2, 1@ thabslotsr 144, tdérareramptyn lofstamé0?,
foregoing. In the presently i 1 l'ustrated exanple, a partition is defined

associgl 'ragoﬁchéeﬂ@é t1 180npiernBnishanypapiblichbié, partitioring rschemes 2 Eaeim padtiionaiifn
medi a.1tens. The robotic device 118 may | earn of desired partitioning in

vari 0% bSmplethent fos 4 86t 6fraeililies iarKe tibraky fo tieyexclusivelyt usduby onl
confi gu | on recorgaaqgt) to determ ne whet herawpart ition i ns&truct |¥)ns ywere

pl apeghr§€ hﬁagaﬁg H?edS oeﬂwq‘%%rtdﬁd?\ via' 4! o?fﬂﬁéﬁhﬂrrela?fﬁmﬂbmnbl puposeametiac

devi c |ca I scern desired partitions as shown in the

follo 'ri}% dirgﬁ‘iﬁb gﬁfgp %%H#J?ssa de ?Bf’?‘{cnlm ﬁhu&ﬁﬁn&f’éa%ﬁké a9 of tRE iféllawing! e

Misio arin braries
2001. 2. U.S. Pate g I ssted February 2,

T sgrgiﬁtgmf%é’ ﬁrx«»“é‘%ﬁ%‘*&w@%ﬁ F48} e 4t oAEr o
For qoiambipaam ot th omapiog s: BERaTbaNURERER PRy Er 8 Al Bbndta 1 e
associating the host 106 with the port 150, media drive 152, and certain media items.

The robotic device 118 may leam of desired partitioning in various ways. For
example, the robotic device 118 may consuit the configuration record 118b to determine
whether partition instructions were placed there back in step 404. In still another
embodiment, the robotic device 118 may-automatically discern desired paditions as shown
in the following references:

1. U.S. Patent No. 6,185,165 entitled “Positionable Vision Indicators for Configuring
Logical Libraries," issued February 2, 2001.

2 U.S. Patent No. 6,044,442 entitled “External Partitioning of an Automated Data
Storage Library into Multiple Virtual Libraries for Access by a Plurality of Hosts,” issued
March 28, 2000. The entire content of the foregoing patents are hereby incorporated

herein by reference.

After learning of any applicable partitioning scheme, the robotic device 118 will enforce this

scheme when carrying out robotic device commands or read/write requests, as described



After learning of any applicable partitioning scheme, the robotic device
118 will enforce this scheme when carrying out robotic device commands or
read/ wite requests, as described WO 02/093451 PCT/ USOL/ 45809 25 bel ow.
After stepwiDd/0984s¢ | i brary 102 (and robotic device 118 i RCHAIS0V480%r )
stand ready to operate (step 408). 12 step 410, the host 106 issues nedia
transport commands via the command relay port 150 instructing the robotic
device to obtain and load nedia itenms to the nedia drive 152 as desired.
I'n ;stéqethw.Z,tthhe hgjst ijssues read/ wite requests to the nedia drive.152

I nstructing e nedia drive to READ, WRI TE, ADVANCE, ND, nd, perf qQr

ot her oper #fteostep 40Z.oedincanyctD2(and rohetic dayige i1t1§rfFIRRI??ﬁvf\i'-}U?'9 ﬁ%"@ l%_adygo?t ep
414, the robotic device 118 conmmunicates with occupants of the slots I1110’
112 asopeeatddqstepr408)i nksxt stapet10; e hobbl 08 issues ceedia drangport Soprandi-yathe
transport commands fromthe command relay port 150. In this case, the

r obot igonshrand eeldyl Port 468 instrueting e rabotic device dorobiein ard igadmegiadigms orthene
appropriate conmand set 118a, and if the comvand is proper, the robotic
devi canddig driven S2akedesitat, eiestepati2othe bostissueareadingite egquests) to thermedia
exanple, if a LOAD command is received in ' step 414, the robotic device

118 i rarfvb%ﬁﬁﬁtruagmbfthle%édm deiPe B READWRITE, ADVANGE,sREWINDo and mesfgrmnt

agai nst the conmand relay port command set. |If the LOAD conmand i s proper,

the r ' ' RUEE Withthé FfedRditérAMsdduidahérest i on (for exanple) t
| oad ﬁﬂg&d@grr ed{sﬁrgé:i%éﬁﬁntem Winﬁt% the nedia dri veéléz' I n sg ep 41)%;. "ple) to

Advant ageoyslayan i {18 foBBAL eyls W 18CcokhuhRatis it blolsuat P hersioRUDIC

| NVENTORY, coman | earn the contents of the storage bins

120 (SHEP e By F 0P I YR bIE, $SHE8 185k e ihapr

\(/:\ﬁntenth o Tt Si’gned e comman ay port 150 from
ere the -
L o Trom s commiand! rélby Hor 98621t 'this case, the robotic device 118

evaluates the received command (step 416) against the appropriate command set 1185,
and if the command is proper, the robotic device 118 then takeé whatever action is
warranted (step 418). For example, if a LOAD command is received in‘s'té;; 414, the
robotic device 118 in step 416 verifies the LOAD comhand and its syntax by comparing it
against the command relay port command set. If the LOAD command is proper, the robotic ‘
device 118 executes the appropriate function (for example) to load the desired media item
into the media drive 152 in step 418.

Advantageously, if the robotic device 118 in step 414 receives an AUDIT,
|NVENTOI§Y. or other host command to learn the contents of the storage bins 120 (step
410), the robotic device 118 (step 416) only returns the contents of the partition assigned to
the command relay port 150 from where the AUDIT, INVENTORY, or other command is
received. Thus, the host 106 cannot “see” the contents of other hosts' partitions, lessening

the likelihood of confusing media items among different hosts. Similarly, the robotic device



received. Thus, the host 106 cannot "see" the contents of other hosts’

partitions, |essening the likelihood of confusing nedia items anpbng

different hosts. Simlarly, the robotic device WO 02/093451 PCTI USOL/ 45809

26 (in stefvolEP34sej ects or ot herwi se dishonors host commBGAFSPHBEAD or

ot herwi se mani pul ate ot her partition?® media items. The robotic device 118

?ﬁy rejectdhos}. commands, for exanple, by returning an error nessage Via
e command relay port associated wWith the originating hast. Addjt]

occur riimgtep 4t8prejads emetheaswisei d'sb@Wféehquc‘é'%m%nQ?eg’ @q rﬁfugihc?mggle:oy

414 according to any applicable partitiaoning schene.. For jnstance tne

r obot | madipulate ather ~parditions’ imediao ita@sor Ehengebelic rd§H§Sof‘?bc6‘ﬁ*aFﬁP(?tf %te

comand concerns a nedia item outside the command initiator's partitian.

In an edrharands| far exdropleneyt retuoing @n &mor Messpge arthet SOmeRHCriaA AR

duties may be performed by the slot occupants. In this enbodinent, the

r obot i gssteiated with@hebtiginatinghostng t he partitions (step 407) recruits the

sl ot occupants to enforce the partitions. Nanmely, the robotic device 118

forwar ds paadditionullyioticarringt incstend 16 rthe eslsaticydevicet hi8 evaluates dp inus of 8i&Pch

grant or refuse nedia transport conmands appropriate to the established

part i L4 9hgccdfaing By avpiRabls, partiaring etfens.oFof instanoss i eabotioidewicerid 8
partition, the roboti'c device 118 directs each sl ot occupant to only honor

conan(s, CARGEI & bhdFFrid RNt BhATRAE Ibirescomirnd! duncparsa iatlie ftem

associ a W ththat . Sone exanpl es of slot occupants that nmay be

recr Ul §8tdide tnb otnHBAY ?ﬁitiétBSé paRitioR0 THACkIfcPhANeRaHbSdiRAE Bomte 468 of thesl

pur pos rrves, or an e called wupon by hosts to carry

2 AR B AP L PP S 8t g oo,

L e rotane dauiee /b Sty Rehlo b, AR TBRD40Y) rchulfB 0 Bt S¥clipbhts to
enforce the partitions. Namely, the robotic device 118 forwards partition information as
necessary to the slot occupénts, which grant or refuse media transport commands
appropriate to the established partitions. More particularly, since each slot is associated
with one partition, the robotic device 118 directé each slot occupant to only honor
commands concerning media items or storage bins under the partition associated with that
slot. Some examples of slot occupants that may be recruited in this manner include
command relay ports (such as 150), dual purpose media drives, or any other module called
upon by hosts to carry media transport commands to the robotic device 118. If desired,
such devices may be additionally recruited to enforce other limitations on media transpo&
commands, such as rejecting commands with improper syntax, rejecting unrecognized
commands, etc.

Without any intended limitation, steps 410, 412, 414 are shown in parallel because

there is a nearly infinite order in which host storage requests, media transport commands,



Wthout any intended |Iimtation, steps 410, 412, 414 are shown in parallel
because there is a nearly infinite order in which host storage requests,
medi a transport commands, WO 02/ 093451 PCT/ USQO /45809 27 and robotic

devi ce conMM2M845dbns may occur. Moreover, each of the st @6I/USIHS8P12  and
414 may be repeated as necessary, degénding upon the data storage
operations being conducted. OTHER EMBODI MENTS Wil e the foregoing

di scl osure shows a nunber of illustrative enbodi nents of th jAvention, it
Wi 11 (38d1pbelGevies CORNIGAtoNs GRAY FLcuke MoreoyBResada e Sl AL 412, gRd
nodi fications can be nmade herein w thout depargiﬁn f:s%{nthe scope OE, t he

i nventdiidnmay bejeeneated 195 nenesspieAgRENANGupen the data Sierage aper hoeing

el enents of the invention may be described or clainmed in the singular, the
pl ur alconguetedt enpl-ated unless linmitation to the singular is explicitly
stated. Additionally, ordinarily skilled artisans will recognize that

oper ati onal sequences nust be set forth in sone specific order for the
purpose of explanation and cCIHEREMBRPIMENTSr esent i nvention _
contenpl ates various changes beyond such specific order. WO 02/093451
PCTI USO1/ 45¢Kife tHzBfobedding digeiasurs showsEnumber of dlustrativel embodispentstafiibea
data storage/retrieval library that includes a robotic nedia transport

devi cenviimtion, M Wikl bé Yapparent! to those sskilletoins the hart rthat odriouspehianiges: andr
each slot, determning a state of each slot conprising one of the foll ow ng

;OPS: ;ri}edlﬁc'atiohs &rPbe | Mad€ HupeiAWitbuR dBpditingdfrbmecthet $uops! oft thesinventior @d by
defined by the appended claims. Furthermore, although elements of the invention may be _
described or claimed in the singular, the plural is contemplated unless limitation to the
singular is explicitly stated. Additionally, ordinarily skilled artisans will recognize that
operational sequences must be set forth in some specific order for the purpose of

explanation and claiming, but the present invention contemplates various changes beyond

such specific order.



nodul e configured to perform operations including relaying nedia transport
commands from one or nore hosts to the robotic nedia transport device, the
slot is unoccupied; for each slot occupied by a relay nodule, the
transport ®ayvexe34secei vi ng host nmedi a transport commands PCAMSOHE9%R| ay
modul e and responsive to the received2ommands,. perform ng operations
conprising transporting nedia itens anong nedia | ocations conprising
storage bins and nedia drives | ocat iNet he slots. 2. The nmethod of claim
1, the determ ning operation conpri ﬁecognizing whether the slot is
occupi ed by a conponent froma list including one or nore of the foll ow ng:
sWtchWHﬁJ%!SEMMEPSSFOUter, net wor k storagg, ‘Et her net nodul e, storage °
devi ce, host, storage enulator, conbination nedia drive and command rel ay
port. 3. The method of claim1l, the operations responsive to the received

commands further conprising: restricting.ho access.t onponent:s_of.. t he
li brarl acdbmathed for opesating acata §E§’I’%%ﬂ/'e?rﬂ%’|af ["P'?Bh ,a? gﬁ@%ng{&qqgnmedla
exclusively associated with a different set of one or nore.relay WO

02/ 09 3arsped Heviseantsa plurality of BwitinsEpesesiolsi thg "E‘Wgog ICEMPNSEYch partition
defining a different group of one or nore of the followng: one or nore
medi a i t endfor each siot,rdetermininga state,ekeadinelotsomprisingene £f $he fallgwing

| ocations. 4. The method of claim3, where the operation of restricting
host accessconditionssethe sldteist ocoupiedr by demiedia drive, the tslatgs eesupied iy a relayt
occupants to restrict host access according to the predefined |ogical
partitions;mbiflei Rohfigureedts| pérfarnt uppmnationse snaliiding neelayisg  madiss strarsportdi ng
to the predefined |I|ogical partitions.

commands from one or more hosts to the robotic media transport device, the slot is

unoccupied,;

for each slot occupied by a relay module, the transport device receiving host media
transport commands from the relay module and responsive to the received commands,.

performing operations comprising transporting media items among media locations

comprising storage bins and media drives located in the slots.

2. The method of claim 1, the determining operation comprising recognizing whether
the slot is occupied by a component from a list including one or more of the following:
switch, hub, gateway, router, network storage, Ethernet module, storage device, host,

storage emulator, combination media drive and command relay port.

3. The method of claim 1, the operations responsive to the received commands further
comprising:
restricting host access to components of the library according to predefined logical

partitions, each partition exclusively associated with a different set of one or more relay



5. The method of claim1l, the transport device having access to a
configuration record identifying one or nore partitions, each partition
exclusively associated with a different set of one or nore rela nodul es
occupyi ng WR2I9SE, each partition including a different PGTEEH/4B%ne or
nore of the following: one or nore m@dia itens, one or nore nedia drives,
one or nore nedia storage |ocations; the operations responsive to the

recei ved conmands further co | Sifr .all .pedia transport comrands
v TGRS e puing the loss. HRh Parfifln astinidl,z cirfFgenicarbls 8 B3e or 57678 o the
corrpon*aogts. of the partitian associated with that. rel arY nodul e. 6, T{1e

met hod!OIPWING: ORE LF Mere; Mefiadisms one . mefeBeig diyesoPne.BF mare media siajage
into respective ones of the slots. 7. The nethod of claim11, further

conpr i 9FAYPSp| aci ng one or nore relay nodul es into respective ones of the
slots. WD 02/093451 PCT/ USO1/ 45809 30 8. The nethod of claim1, the

det erm ni ng_operation conprising at |east one of the followng: | the
transpbrt dERe methedetelging. wheedhe oparation of restictinghost acepRs eomprises: si ot s:
the transport device detecting electrical configuration of an occupant of
one or nor &hg|teansportrdevige insHUEtingiene «¥ merecslol aecupantstorestiigd host pecessyi ng
the state of one or nore slots; the transport device utilizing an optical

r eader acaprding ée theopredefined logiaabparitions;eat ur es  di spl ayed by an occupant of
one or nore slots; the transport device attenpting to load a nedia item

i nto an ocdhpainstrudted nsfotooceupanats restricting host access according to the predefined

logical partitions.

5. The method of claim 1,

the transport device having access to a configuration record identifying one or more
partitions, each partition exclusively associated with a different set of one or more relay
modules occupying the slots, each partition including a different group of one or more of the

following: one or more media items, one or more media drives, one or more media storage

locations;
the operations responsive to the received commands further comprising, for all
media transport commands arriving from a particular relay module, limiting host access to

components of the partition associated with that relay module.

6.  The method of claim 1, further comprising:

placing one or more media drives into respective ones of the slots.

7. The method of claim 1, further comprising:

placing one or more relay modules into respective ones of the slots.



slots, and ascertaining the state of the slots by results of the attenpts;
the transport device conducting wreless scanning of el ectronmagnetic
indicia of an occupant of one or nore slots; the transport device

at t enpt i ngW@OX09845h an occupant of 'one or nore slots, an®@CE/USOH4S809
ascertaining the state of the slots by?results of the attenpted touch. 9.
The nmethod of claim1l, wherein: the operations further conprise the

transport vice receivin ppi bet ween .conponents of ,the lib and
one or8mor gf%mqtﬁ?fiﬁé,claégtﬁ- {'E‘f pP&%N'@(@Pﬁ@t'QBI MRS 5E é"tFS?\ﬂqeh&gﬂ'é or
nore rel ay nodul es; the transporting operation further conprises

di shonf@luPW@Qhost commands that arrfve via one relay nodul e and seek access
to library conponents of a partition associated with another relay, nodule.
WO 02/ 09343he transpasd devise @xchanging messagaswih ap pceyrant of age gr mare slots;
storage/retrieval library that includes a robotic nedia transport device
and a pl ur dhettiansporigieviceudeiectingselectycal opafiguration of arwicrupany of pe ardpere
slot, determning a state of each slot conprising one of the foll ow ng
condi tslotss: the slot is occupied by a nedia drive, the slot is occupied by
a command relay port, the slot is occupied by conbination nedia drive and

command r elthg tpansportt deviee ceceivng wopecatapingdlt specifying the Istate afcong od mgrea
command relay port and for each slot occupied by a conbination nmedia drive
and cogiownd relay port, the transport device receiving host nedia
transport commands therefrom and responsive to the received commands,

Fgggﬂ 21629 tRE AFamshOR HeViRBRILIIZING Gnf dptitaP@aden® datetitond 6Nmorereplicaldsatares
displayed by an occupant of one or more slots;
the transport device attempting to load a media item into an occupant of one or more
slots, and ascertaining the state of the slots by resuits of the attempts;
the transport device conducting wireless scanning of electromagnetic indicia of an
occupant of one or more slots;

the transport device attempting to touch an occupant of one or more slots, and

°© o <

ascertaining the state of the slots by results of thé attempted touch.
9. The method of claim 1, wherein:

the operations further comprise the transport device receiving a mapping between
components of the library .and one or more partitions, each partitidn exclusively associated
with one or more relay modules;

the transporting operation further comprises dishonoring host commands that arrive
via on'e relay module and seek access to library componenfs of a partition associated with

another relay module.




conprising storage bins and nedia drives located in other slots. 11. A

si gnal - bearing nedi umtangi bly enbodyi ng a program of machi ne-readabl e

i nstructions executable by a digital processing apparatus to perform

oper at i onsW@02@sse a data storage/retrieval |ibrary thRCTIUSBI4ME¥s a
robotic nedia transport device and a Plurality of nultipurpose slots, the
operations conprising: for each slot, determning a state of each sl ot

i ncludipg ope of the followi ng, conditions: the slot is occupied by a nedia
r s ve. 1056 Biragthed T oReralt udets Slerage/ Al dbey fhan iredes B sapoth meds
operatjons including,relaying _nedia transpor CO nds fromone or nore
host s WangRqst deyieR ng M%"Wﬂiﬁ%’-ﬂ@qmﬂﬁ/?'g@; }herf@e%cqn@"%ccupi ed: for
each slot occupied by a relay nodule, the transport device receiving host
medi a tranf9pdrachc siehafatermiring @nstate|ofeaahqsliol comprisingpene afetheo fallgwing
recei ved commands, performng operations conprising transporting the nedia
i tens eonsitipnse the:slobisnecapied by @axnedia ssive Pthel sisiois/ccsapied oa compans relay
storage bins and nedia drives located in the slots. 12. Alogic circuit of
mul t i ppert, thieeslatois mocupigdebye combinationy mexdial dave and edoenmand relap fpody thed slot s
perform operations to nmanage a data storage/retrieval library that includes
a roboumneccugied; ce and a plurality of multipurpose slots, the operations
conprising: for each slot, determining a state of each slot including one

of the follfonieagh stetnocdupiats by taheomiiindi elaycpomiand foy eachesiotaocbupiedt by e
slot is occupied by a relay nodule configured to perform operations

i ncl udgdiibingticn irméediaedvive ahanédmmand CreEyRPpeR, tHeoPaAssorPdeRecrdiariry hest he
robotic media transport device, the slot Is unoccupied; for each slot
occupi RdRY trarlspbRY cBRftNARIS therefrbR SR lreSiSorshe "t6CHeY I rBBeiled! cofffiands,

performing operations comprising transporting media items among media locations

comprising storage bins and media drives located in other slots.

11. A signal-bearing medium tangibly embodying a program of machine-readable
instructions executable by a digital processing apparatus to perform operations to manage
a data storage/retrieval library that includes a robotic media transport device and a plurality
of multipurpoée slots, the operations comprising:
for each slot, determining a state of each slot including one of the following
conditions: the slot is occupied by a media drive, the slot is occupied by a relay
module configured to perform operations including relaying media transport
commands from one or more hosts to the robotic media transport device, the slot is
unoccupied;
for each .slot occupied by a re.lay module, the traﬁsport device receiving host media
transport commands from the relay module and responsive to the received commands,

performing operations comprising transporting the media items among media locations



transport commands fromthe relay nodul e and responsive to the received
commands, perform ng operations conprising transporting the nedia itens
anong nedia | ocations conprising storage bins and nmedia drives |ocated in
the sl ots. WKB02/083484t a storage/retrieval |ibrary apparatusPCERIBpY4589Nng: a
plurality of nultipurpose slots; a roddtic nedia transport device
programmed to perform|library managenent operations conprising: for each
slot, determning a state of each slot including, one of the follow ng
condi t ¢/RBFising storaga bing anddnediadrives located i the SBE. the slot is occupi ed by
a relay nodule configured to performoperations including relaying nedia
transport conmmands fromone or nore hosts to the robotic nedia transport
devi cel2t heA dogie cireuitinbauiiinle intercepnected e@ctﬂcaax@gmwvsﬁl@npe!sagm%sa&c@,
recei ving host nedia transport WO 02/093451 PCT/US01/45809 33 conmands

f r om t toepedoray apedationsatodmanagerssidata storagriretieval Jibtary dhatingiidesca rebating
operations conprising transporting the nedia itens anong nedi a | ocations
conpr i devige ane di pluratityrof geultipurpose dlots: thexoprratiens t@opisiigi n ot her slots. 14.
The apparatus of claim 13, the transport device being programmed such that
the det er nfonieagh Giat; defepminimgrar statesofr eanhgsiot inclydiigeonhe of tie fallowting s

occupi ed by a conponent froma list including one or nore of the

fol | owi ng: &omiditihs: hie, slgRiscoesupied by & medid dive the tstotaigeocchpiedr ye metajul e,
storage device, host, storage emul ator, conbination nedia drive and

command r el Ryd@e’ lconfifuredh®o apodEmt Uspethtiensaiintiddingt helayingneedia tlandport

being further progranmmed such that the operations responsive to the

recei ved colgmmdngs Wohl'he %?%Jberﬁisté @5the rEbotRIMBARL tratfspRMSddvite; WP SIBE R S

of the library apparatus according to
unoccupied;
for each slot occupied by a relay module, the transport device receiving host media
transport commands from the relay module and responsive to the received commands,

performing operations comprising transporting the media items among media locations

comprising storage bins and media drives located in the slots.

13. Adata storage/rgtrieva| library apparatus, comprising:

a plurality of multipurpose slots;

a robotic media transport device programmed to perform library management

operations comprising:

for each siot, determining a state of each slot including one of the following

conditions: the slot is occupied by a media drive, the slot is occupied by a relay module
configured to perform operations including relaying media transport commands from one or
more hosts to the robotic media transport device, the slot is unoccupied;

for each slot occupied by a relay module, receiving host media transport



predefined | ogical partitions, each partition exclusively associated with a
different set of one or nore relay nodul es occupying the slots, each
partition defining a different group of one or nore of the follow ng: one
or nore neWN@OYW9MSE, one or nore nedia drives, one or nor @CTHSH/458 or age

| ocations. 16. The apparatus of clai m35, where the operation of
restricting host access conprises: the transport device identifying
predefined | ogical partitions to one or nore sl ot occgpants and instructing
t he sl eemmeandpdrmna the relayimodyle ansh respersive t(bﬁﬁ fRCeIMe ﬂ%'a‘ﬁe%spefé’éﬁ‘&%i ng
to the predefined logical partitions. 17. The apparatus %&ﬁﬁlain1l6 .

f ur t heoperatipng Somprisinge trapspastieg toe unedia digms ng mpdis, OB$ GOMPrising s
each nodul e programmed to WO 02/ 093451 PCT/ US01/ 45809 34 carry out

t r ans poediaistorage bins and coedia drives losatediie pthesslotsccess to 1ibrary conmponents
according to logical partitions identified by the transport device. 18. The
apparatus of claim 13, the transport device having access to a

conf i gt at i Tine mpparaius of rdaifny 1 3,gthentsanaportodayvice heingt progeamngd rsushr that then
exclusively associated with a different set of one or nore relay nodul es
OCCUDYEQ&rrhhﬁ'@b?m%tioﬂmh'lmises ireé¢ogmizimrwhetheg the slot isecocenpiegrbyup componentr
nore of the following: one or nore nedia itens, one or nore nedia drives,

one or frBRY § IREHAUShG oM@Cor hivr@tof ARe folldwing:r switthp hub( gateweayh eoutgr, etyoramed
such that the operations responsive to the received commands further

conpri ey QéD EtRernelRifidald, 'si6rag6 devieeNFout iStordige! emuleitdr) €dBinBteN midizpdrives! ay
nodul e, ? mting host access to conponents oOf the partition associated

W th tgﬁ\& c{)ﬁln?%mﬁjév 5:0“_19. The apparatus of claim 13, further conprising:

15.  The apparatus of claim 13, the transport device being further programmed such that
the operations responsive to thé réceived 'comma.nds further comprise:

restricting host access to components of the library abparatus according to
predefined logical partitions, each partition exclusivély associated with a different set of one
or more relay modules occupying the slots, each partition defining a different group of one
or more of the following: one or more media items, one or more media drives, one or more’

media storage locations.

16. The apparatus of claim 15, where the operation of restricting host access comprises:
the transport device identifying predefined logical partitions to one or more slot
occupants and instructing the slot occupants to restrict host access to library components

according to the predefined logical partitions.

17. The apparatus of claim 16, further comprising:

one or more modules each residing in one of the slots, each module programmed to



one or nore nedia drives occupying respective ones of the slots. 20. The
apparatus of claim 13, further conprising: one or nore relay nodul es
occupyi ng respective ones of the slots. 21. The apparatus of claim 20, the
rel ay noduMsx0209M5ii sing at | east one of the followi ng: PEHRAHMSBY ay
ports, conbination nedia drive and corfrand relay port units. 22. The
apparatus of claim 13, further conprising one or nore of the follow ng
installed in one or nore corresponding slots: swtch, hub, gateway,

r out ercametoubrtkansportadevicet instruetions ntsy estricts hest, gecers, ite dibr sf=9mei56%'ae
emul ator, conbination nmedia drive and command WO 02/ 093451 PCTI USO /45809
35 r el agcopding to Ryjical partitippsidentifedby thesranspert dayiceher conpri sing: one or
nore relay nodul es, each relay nodule conprising an interface to translate
between a first format utilized by the hosts' nmedia transport conmands and
a secof8l fTherappardtusiofethilmyl3,he robotic nedia transport device. 24. The
apparatus of claim 13, the determ ning operation conprising at |east one of

the fol | owhedrarispertidetitenmvingissdess te acdumfiginationeesard ddentifying ane @t coprent
of one or nore slots; the transport device detecting electrical

conf i guaftibe) édchaparfifieiRRAUSIVElyCassoBiatetMth A differerithsettofaorenor male vielay
recei ving operator 1nput specifying the state of one or nore slots; the

transp ' bl 7 d bt i ical
%Hu%?}sﬂlgf&gwlegé E@égg&bggﬁggﬁ?ﬁ% u’(f)cﬁieﬁi'tgg; a Hﬁféi'@ﬁtfg“rbu@ BEomé ofifore BPtheca

features nore slots; the transport

devi CerfbifgP bh8%r hork 4Agdid itSRE, Bnb'of ThdrBirRedid dRivEs!RHY ohoft Wielia $tBFye
locations;
the transport device being programmed such that the operations responsive to the
received commands further comprise:
for all media transport commands arriving from a particular relay module,

limiting host access to components of the partition associated with that relay module.

19.  The apparatus of claim 13, further comprising:

one or more media drives occupying respective ones of the slots.

20. The apparatus of claim 13, further comprising:

one or more relay modules occupying respective ones of the slots.

21. The apparatus of claim 20, the relay modules comprising at least one of the

following: command relay ports, combination media drive and command relay port units.

22. The apparatus of claim 13, further comprising one or more of the following installed
in one of more corresponding slots: switch, hub, gateway, router, network storage, Ethernet

module, storage device, host, storage emulator, combination media drive and command



slots, and ascertaining the state of the slots by results of the attenpts;
the transport device conducting wreless scanning of el ectronmagnetic
indicia of an occupant of one or nore slots; the transport device

at t enpt i ngWoze9s#sh an occupant of one or nore slots, andPCAASBY458Ni ng t he
state of the slots by results of the #tenpted touch. 25. The apparatus of
claim 13, the transport device further conprising: command set storage
cont ai ning one or nore software functions conpatible with WD 02/ 093451
PCT/ USeldy4sdit)9 36 predefined nedia drives and one or nore software
functions conpatible with predefined relay nodul es. 26. The apparatus of
claim 13, wherein the transport device is programmed such that the

oper at2®ns Thy apysaratisngfralaian 13, iertheraospoisingdevi ce recei ving a mappi ng

bet ween conponents of the library apparatus and one or nore partitions,
each parti téreNoeore $éag Modules cathadlay mbdule eomprising an intedgcertal transiate

di shonoring host commands that arrive via one relay nodul e and seek access
to | ibétiednCo TRaNRIMNGt Qltilided Byt thel Kostslsmediaatranspurt bomnudriisr and|aagecardl| e.
27. The apparatus of claim 13, each slot conprising: a bay sized to

sl i dabjoymbeGize8 b&ﬂﬁe%bétn&né@ibltﬁaﬂsasndawaedl a drive of predeternined

configurati on, | ay nodul e of predeterm ned configuration; one or nore
connectors configured to connect an occupant of the bay to the ‘transport

devi ce, % lfé %@é&aﬁ}s%ﬁg i Gfg h‘é" t I:I'I;I/IRIE'IQC efdtieA eiririsi %Pfda%t B8eé of the

mul ti p? ns each I VI ng occupan

orecel g

the transport device exchanging messages with an occupant of one or more slots;

the transport device detecting electrical configuration of an occupant of one or more
slots;

the transport device receiving operator input specifying the state of one or‘more
slots;

the transport device utilizing an optical reader to detect one or more optical features
displayed by an occupant of one or more slots;

the transport device attempting to load a media item into an occupant of one or more
slots, and ascertaining the state of the slots by resuits of the attempts;

the transport device conducting wireless scanning of electromagnetic indicia of an
occupant of one or more slots;

the transport device attempting to touch an occupant of one or more siots, and

ascertaining the state of the slots by results of the attempted touch.

25. The apparatus of claim 13, the transport device further comprising:

command set storage containing one or more software functions compatible with



configuration; robotic nedia transport means for performng library
managenent operations conprising: for each slot neans, determning a state
of each slot means including one of the follow ng conditions: the slot
means is oWgsasby a media drive, the slot neans is oc®@GHUSH/ANY rel ay
modul e configured to perform operatiod8 including relaying nedia WO

02/ 093451 PCT/ US01/ 45809 37 transport commands from one or nore hosts to

the robotic nedia transport device, the slot neans is unogccupied; for ea
sl ot redefinedc mediaidtivesiand|ane abMmare softwaes &\W@'OHMP"}P@&B Wﬁbaﬂ{%%f? od2°"
commands fromthe relay nodul e and responsive to the recei ved commands,
perfoUMannmmweapions conprising transporting the nedia itens anong nedi a
IFc?tlons conprising media storage bins and nedia drives |ocated in the

sl ot neans.

26. The apparatus of claim 13, wherein the transport device is programmed such that
the operations further comprise:

the transport device receiving a mapping between components of the library
apparatus and one or more partitions, each partition exclusively associated with one or
more relay modules;

dishonoring host commands that arrive via one relay module and seek access to

library components of a partition associated with another relay module.

27. The apparatus of claim 13, each slot comprising:

a bay sized to slidably receive one of the following: a media drive of predetermined
configuration, a relay module of predetermined configuration;

one or more connectors configured to connect an occupant of the bay to the

transport device.

28. A data storage/retrieval library apparatus, comprising:
multiple slot means each for detachably receiving occupants of predetermined
configuration; |
robotic media transport means for performing library management operations
comprising:
for each slot means, determining a state of each slot means including one of
the following conditions: the slot means is occupied by a media drive, the slot means is

occupied by a relay module configured to perform operations including relaying media



WO 02/093451 PCT/US01/45809
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transport commands from one or more hosts to the robotic media transport device, the slot
means is unoccupied;

for each slot means occupied by a relay module, receiving host media
transport commands from the relay module and responsive to the received commands,
performing operations comprising transporting the media items among media locations

comprising media storage bins and media drives located in the slot means.



