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BACKGROUND OF THE INVENTION 1. Field of the Invention The present
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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.



be introduced to the library to supplenent or replace the existing nedia
drives. WD 02/093451 PCT/US01/ 45809 2 A nunber of different conpanies
manuf act we osedasi i brari es today, each nodel denonstrati PgTME01/€8889
different features and operating prineiples. One significant manufacturer
of data storage libraries is International Business Machines Corp. (I1BM.
Al t hough a nunber of different IBMIibraries have w despread use and
conmer ci gA raul@sef diffé@¥herngmpemies amanuwfacturesachylibrades gday, eagh gvedel
various aspects of their libraries. One area of focus is cost reduction,
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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 Cha|lenges 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 CONTROL 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/ 093451wB@2/h21381L/ 45809 3 incorporated herein by referemce/usBasisam et al .
di sclose a data storage library featuBing a dual purpose data/control 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

continebrpdirstaal erbih@sy fdierdneet to a robotic nedia transport device coupled
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the present Invention concefns a data storage library having a robotic
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W t§a€5°§|3 off QS%éﬁngm?o | c‘?ticr gom}/oq%%%allsoﬁdfo%ition to the normal drive functions. From
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 dual
purpose media drive capable of conveying host corﬁmands 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,



into the nedia drive) or a command relay port (to convey conmmand signals
froma host to the robotic nedia transport device). The invention
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one aspect of the invention concerns an apparatus such as a data storage
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specified media locations including media storage bins, media drives, etc. For each slot
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,



library as di scussed herein. Another enbodi ment concerns logic circuitry
having multiple interconnected electrically conductive el enents confi gured
t o oper atwoio/ogs48nt a storage |ibrary as di scussed herei nPCThmSoi/#88ent i on
affords its users with a nunber of di&tinct advantages. Significantly, WO
02/ 093451 PCT/ US01/45809 5 this invention preserves the custoner's data
storage |ibrary investnent, since command relay ports can be upgraded to
ext dhisainventompreserses theiqugtoreer sudatalistdrage dibranysinvestment c sinae ccosnmaador
protocols while preserving the sane type of internal conmunications wth
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the custoner can isolate the robotic device fromchanges in technical
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separate hosts via separate command relay ports, and may be configured to

par tyd i@ Ahe tho9xkeCf IfTesls drelybRITBthe invention is scalable, since the customer may
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



for non-overl appi ng host access, the invention avoids conplicated host
software that would otherwi se be required to operate shared conponents.
And, in tweoewensi nultiple command relay ports are instalPlcedisot/isso9

i nvention 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 otherwi se unavailable. Al so, since the slots may house
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each command relay port with a different partition of nmedia itens,
restrictiAg anothardi advardiageor haysamendkiple: r i SEPaGRIEY efOMMaTIdy e Felay mAHS
relay port to the corresponding partition. This sinplifies host processing,
si nceoresspbnbivgt tee sppamtexdsts isimplifiesepartitioning sofothe pediziiteets i the dbrary.
although this "library"” is actually a snmaller partition of the entire body
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integrity of the library by preventing different hosts from confusing each
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ot her, common |ibrary infrastructure. . The invention, al sg.ﬂorov,j dﬁﬁ a nL{Hber
of o%iRe? eadhaRPElyERIQYSd eKEHEIVE 3CCaRH| 1o its own perceived library,” although this

“library” is actually a smaller 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 number 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. -



shoul d be apparent fromthe follow ng description of the invention. BRI EF
DESCRI PTI ON OF THE DRAW NGS FI GURE 1A is a bl ock diagram of the hardware
conponentwoanmoi4st er connections of a data storage |ibrarpcTasopssdong to
the invention. FIGURE 113 is a block diagram of the hardware conmponents and
i nterconnections of an exenplary command relay port according to the

I nvention. WO 02/ 093451 PCT/ US01/45809 7 FIGURE 2 is a block diagram of a
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an exenplary sig earling medium according to the invention. FIGURE 4 is
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library, which is exenplified by the library 102 of FIGURE 1A The library
102 im¢entioopl ed to one or nore hosts 104, which conprise two hosts 106, 108
in the illustrated exanple. The library 102 includes a nunber of slots

110, 112, 114, 116, a robotic nedia transport device 118 ("robotic
devi ce"), and various stora@ETAIbEDIDESCRIPTMNa i tens. Each slot 110-116

S
The nature, objectives, and advantages of the invention will become more apparent
to those skilled in the art after considering the following detailed description in connection

with the accompanying drawings.

HARDWARE COMPONENTS & INTERCONNECTIONS

Introduction

One aspect of the invention concerns a data storage/retrieval library, which is
exemplified by the library 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 152, 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.



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
medi a driwe,02p245a command relay port, such as 150, oper @raSoo43sonvey
medi a transport comrands froma host 8o the robotic device, or (3) a

nodul e of various other types (not shown). The robotic device 118 is
programmed to recogni ze which type of nodul e occupies each slot 110-116

(Or‘SWf'&ééé‘BFns any slots are enpty), and to comuni cate with the occupants
appropri Y. WO 02/093451 PCT/ USO1/ 45809 8 Storage Bins The library 102
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storage nedia suth as nagnetic tape, optical tape, optical disk, renpvable
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t hese types of storage nmedia, this disclosure refers to "itens" of nedia.
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shel ves, slots, racks, frames, or any device(s) for holding nedia itens of
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i brary 102 or receiving nedia itens externally introduced into the
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gr eaélg{s, ?S&%' lfré?ﬁéé),%r mtd%vice(s) for holding media items of the type implemented in
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,
lnetwork 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 slots 110-116, and capable of exchanging machine-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.



The hosts 106, 108 conprise mainfranme conputers, conputer workstations,
personal conputers, conputer networks, servers, data entry term nals,

net wor k dwoioe®s34s1 net wor k appl i ances, or other neans capalpice/ush1/gssovi di ng
medi a transport commands to appropriftely configured occupants of the
slots 110-116 (such as, command relay ports, for exanple), housed in the
slots 110-116, and capabl e of exchanging machine-readable data with nedia
drlvgﬁ)t Us ot hers of the slots 110-116. As a specific exanple, the
host ; conprise computing nachlnes such as | BM brand RS/ 6000
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as 110a, 112a, 114a, 116a. Each slot's host connector is configured to
aut ofm:ttmrdapeydnveletsaclhlmoéﬁloﬁmél lepedrivebl y couple to a nmedia drive or
command relay port upon insertion into that slot. The host connectors
110a- 116almobpectmbbdintent| pachugibte thclunlesxa eashl cdninectory sbowneas dii§ai1d32a0s,
which are utilized for manually coupling to hosts 106, 108 via host cables
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each occupi ed slot (such as 110, 112 as |Ilustrated) I's coupled to one of
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corréspon terna rary connector suc as 122,124). Alternatively,
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which are utilized for manually coupling to hosts 106, 108 via host cables 107, 109. More
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 example 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



or nore slots nmay be omtted, in which case the occupants of these slots
are manually coupled to their respective hosts, for exanple by coupling a
cabl e betwoan/ogs4si xture of the slot occupant and the extecmalSovessmect or
122-128 or the host itself. The host ®Wables 107, 109 may conprise any

sui tabl e neans for conveying signals, such as a bus with one or nore
conductive nenbers (such as wires, coaxial cable, twsted pair, conductive
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of the cable 107 is to conduct high-level instructions ("nedia transport
comEd ©AD betcweEine phepdsssof th@scabie 107eis towonductibighdevel igstydionsd medidand
relay port 150. The nedia transport comrands constitute instructions for
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desired by the hosts. If desired, the cable 107 may al so carry response
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t he 152 nmay conprise a dual purpose nmedia drive as taught by the
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port thlelcs:gltile%rb an?/ glgglc%rrlyogesponse Signals returned by the robotic 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, fhe 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 slots in order to achieve multiple
connections, for example to multiple 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, electrical 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



additionally functions to carry nedia transport comrands between the host
106 and robotic device 118 via the dual purpose drive 152. A single host
may be cowploedotdst nultiple slots in order to achieve nultipplraSovessnect i ons,
for exanple to nultiple nedia drives ©nd/or command relay ports residing in
the slots. In the enbodi rent nentioned above, where each slot includes a
host connector 110a-116a, the shape, placenent, electrical pin-out, and

ot hediffetertticgnnettoomand/or hables switabledpsthese putneReSray be sel ected to receive
and electrically mate with corresponding connectors (not shown) on nedia
drives anigh additienctor teapopbrbsneaorscdh0ad 16Beeach. slotO1d0+d6i maysiacluded a
artisans, having the benefit of this disclosure, will recognize a variety
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suitable for these purposes. In addition to the host connectors 110a-116a,
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according to one e Ogl ment.” The robotic device connectors 110b-116b are
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automati cal | upon insertion of the mand rel a r The connection
110-4heh etion o) he cBmenens Telok 0T o kBB HEANECHoTs &7 Pold OV AP FaupEcPed
slots and requiring comruni cations with the robotjc device, such .
conpetiencemperents ingersd drte trdrppectad Slots @andeauiring; conamupications, withthe
enbodi ment of the invention, which contenplates the exchange of
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device 118 and nedia drives such as 152, the robotic device connectors
110bgAd 6bemapdmhert bef cowrf i gwertiohp detielshatdntermplatesr i thal | yexchamjee taof

media drives in the slots. Each connector 110b-116b may be inpl emented by
a si ggliyurSRSATRIateANRRSAatioR QRBAL LiNtemer-Btd)Between the robotic device 118 and
media drives such as 152, the robotic device connectors 110b-116b 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, multidrop 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



command relay ports and nedia drives, or separate connectors to accommodate
any differences in the respective |ayouts of command.relay ports and nedi a
drives. Mypmowexslt rather than the direct connections as iPCrusor/ased in

FI GURE 1A, connections between the sl2ots 110-116 and the robotic device
118 may be inplenented in other forns, such as one or nore |oops, rings,
net wor ks, sw tches, daisy chains, nmultidrop configuration, etc. As stil

anot her afj&hittfia Whved BEMpRiBs esdchineslfbp exdidiyimgdatzewithiportable datarstorage
connection between slot occupants and the robotic device 118 bei ng nade
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read/ wite drives, depending upon the needs. of the application. ln the.
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tape drives. One exenplary tape drive is the |BM nodel 3570 tape drive.

Al t haringis eyresrpriseaprachinesi ¢ ueading NG mwriting ofal remayable . SHEAS se
machi nes for reading and/or witing other renovable nmedia such as optical
di skeptices diskettos,akhovabimetagoetic diskstaraggeplugtingrémornemodylesoetel es, etc. As
one exanple of the installation and use of a nedia drive, the nedia drive

152 is shewnel dadrpleast the ibdtallatidroand Lge of kemelidi drivis,ithe rhddiardrivei 185 is
hosts' read and/or wite requests upon the connector 112a, and responds by
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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 cohfiguration information includes, as examples, status
signals, error messages, configuration data, and other?nformation concerning properties of
the drive and/or its operation.
Recognizihg 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



configuration informati on (non-custoner-data) with the robotic device 118
via the robotic device connector 112b. Such configuration information

i ncl udes,wan2psaEnApl es, status signals, error nessages, ceafigpar/asdon dat a,
and ot her information concerning properties of the drive and/or its
operation. Recognizing the |ack of standardization in nedia drive pin-outs,
connectors, physical depths, and other features, the conpatible nmedia
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signals in the interface format used by the robotic device 118 (such as
RS- 4dptic deviceh$$8, the cprweandhselayniort |1§ﬁamavduﬁﬁtlorasa8t aecondyBoor AciedliYce
118, the command relay port 150 may function as a conduit, or actually

conpedraprise gigahl eary-thrdughatirghitei. rcui try. To consider the construction of
an exenplary command relay port in greater detail, reference is nmade to

FIGURE 1 Ry cEH@idepmasnétﬂh@Mnnﬁrén é§&n9£§i‘?rdo&ﬁﬁaﬁd helagipat insgreteradetai,
printed circuit board, nmetal box or other enclosure, etc. Wthin (or
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152, or age

as a printed circuit board, metal box or other enclosure, etc. Within (or coupled to) the
housing, the command relay port 150 includes a controller 152, storage 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



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
cabl e deswgredofssr coupling to the connector 122; direct IPgTiUSO1/B880h0St

106; or to any other coupling, nechadi sm or device designed for coupling
the -port 150 to the host 106. The host connector 158 may even constitute
t he host connector 110a upon installation of the port 150 in its slot 110.
The Bethebh Corfte Sighal §6MAChDthd Host SoRhedter 166r and mmetidrosighal fommat a@bdhec
devi ce connector 110b; to a cable designed for coupling to the connector
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coupl’ i ng, mechani sm or device designed for coupling the port 150 to the
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Advantageously, to consolidate connectors and simplify slot construction, command
relay ports for use in the library 102 may be built to the same size and coﬁnectivity
standard(s) as the media drives to be received b“y 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 12)6 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



Advant ageously, to consolidate connectors and sinplify slot construction,
command relay ports for use in the library 102 may be built to the sane

si ze and wonneeisvity standard(s) as the nmedia drives toPog/useveisved by
the slots 110-116. As one exanple of 1sthe installation and use of a comrmand
relay port, the command relay port 150 is showmn installed in the slot 110.
The port 150 carries nedia transport commands of the host 106 to the
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Et hernet, DASD, or host. Another exenplary slot occupant is a storage

emul afive/reldppors astaeghtebyditrei' 886 applicativakesentidrednahbive.itens in the library

appear to the hosts to be as a hard disk drive or other SCSI storage
device. Furthernore, slots 110-116 may house dual purpose nedi a

dri VR/OBS"!@DeQ%tS as taught by the '856 application nentioned above.

Robo ce The robotic device 118 includes a controller 11 8d, nedi a
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| command set storage 118a, partition map 118e, configuration record 118b, and ports 118f.
The ports 118f comprise multi-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 mechan—ism ;180 includes servos, motors, arms, grippers, sensors and
other robotic, mechanical, and electrical equipment to pérfd_rrﬁ functions that include ‘(at
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 particﬁlar
example, the mechanism 118c may comprise an accessor/gripper as taught by the
commercially available {BM 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 cbntroller 118d may communicate with the command relay

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

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



The ports 118f conprise nmulti-conductor register ports, which are known in
the art, or another suitable arrangenent such as serial ports, fiber optic
| i nks, wiwelems34si nks, etc. The nedia handling nechani smptIAwmS0i/msbudes
servos, notors, arnms, grippers, sensorés and other robotic, nechanical, and
el ectrical equipnment to performfunctions that include (at |east) the
transportation of nedia itens between/anong the nedia drives in the slots

110-rbdBond t6 Migeldvieh nedid transportdormpands ariginatingtwith Tivee hostshtd6,s108L 28d
may, for exanple, include a robotic armor other cartridge handling
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accessor/gripper as taught by the commercially available |IBM nodel 3494
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120, inport/export areas, etc. To illustrate one exenplary signal path,
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rel a\xitlﬁ)ot%te %zggi’prﬁeonl%%* (ihge%ieﬁﬁar?lgnwnq%e.r ke Qﬁgm Qr&onjajo?fsignals include
instructions 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 specifically instruct the mechanism 118c 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;18 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.



The controller 11 8d uses these signals to generate nore specific control
signals conpatible wth the equi pnent of the nmechani sm 118c. These

speci fi c wonkmed4ssi gnal s i nclude instructions to shift, ratratsel/43gnd p, and
ot her actions having the conbined effct of achieving the desired nedia
nmovenent. Thus, the high-level, nedia transport commands fromthe hosts
106, 108 nmay sinply direct the robotic device 118, for exanple, to load a
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number of different functions that are called in response to different SCSI medium changer
commands, these funcfions serving to carry out the SCSI commands by issuing specific
instructions to the media handling mechanism 118c. The command sets 118a may include
numerous subsidiary command sets to accommodate different manufacturers, -malies,
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



I nvoked to initiate or respond to the nedia drives. The command sets 118a
may al so anticipate other types of slot occupants, such as Fi bre Channel
gat eways,wpeaexsi swi tches, network storage, hosts, storagaSemssed ors,
dual purpose nedia drives, etc. In the8 present exanple, the conmmand set for
the command relay ports conprises a nunber of different functions that are
called in response to different SCSI nedi um changer conmands, these

f uncduanurpeses heglid drivegrwish aparticubargE®titiaoronmands by i ssuing specific

i nstructions to the nedia handling nechani sm 118c. The conmand sets 118a
may include nunmerous subsidiary conmand sets to acconmodate different

Wﬁnué%gfﬂﬁigifQMa Prédstsiig Appatatu®f media drives as necessary. The
confTguratron recor contains a record of the contents of each sl ot
110116, K0hertonet 1R, compfitigFelfuréo50E ds the [ERAtraII6H 1 184 afd CoRTraNet

relay port, or another type of Occupant. The configuration record 118b may

2 301%Begﬁégéj\éntggcmtvan%n € 151l SAsCoHY BRbRple? Ur GrbdtarTRE LoRfrbHERT

make capaci he partition nap
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of the nedia itens and storage bins 120, inport/export are t.C
confexgrmalifiesh hedbed héf%areaé%&ﬂc&teé‘ﬁse%[%' F‘é”'i‘?(g'ﬁ’é‘ﬁo 'gSmﬁjgﬁﬂ?l a

node (such as a command relay port or WD 02/ 093451 PCT/ USOl/ 45809 18 dual
pur ppeeessidgapparatay 200tdf FAGUMRE 2cul ar partition. Exenplary Digital Data
Processi ng Apparatus As nentioned above, conputing features such as the
control | eThd 18dpandusondoolinciidesl5® prycebsor rgil2emsnckedas nav anicropso¢essos,  As

one exanple, one or both of the controller 118d and processor 152 may

CONPEHRAGIARRA PRI SorfH Sbhutélbf o (RESdddthPivReh k! 86$ple@ o a storage 204. In
the present example, the storage 204 includes a fast-access storage 206, as well as
Jnonvolatile 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 206 also includes an
input/output 210, such as a line, bus, cable, electromagnetic link, or other means for the
processor 202 to exchange data with other hardware external to the apparatus 200.

Despite the specific foregoing description, ordinarily skilled artisans (having the
benefit of this disclosure) will recognize that the apparatus discussed above may be
implemented in a machine of different construction, without departing from the scope of the
invention. As a specific example, one of the components 206, 208 may be eliminated;

furthermore, the storage 204 may be provided on-board the processor 202, or even

provided externally to the apparatus 200.



exenplified by the hardware conponents and interconnections of the digital
data processing apparatus 200 of FIGURE 2. The apparatus 200 includes a
processorw®®2/09®m8ch as a m croprocessor, workstation, personsbl/esnput er,
or other processing machi ne, coupled o a storage 204. In the present
exanpl e, the storage 204 includes a fast-access storage 206, as well as
nonvol atil e storage 208. The fast-access storage 206 may conprise random
accelsegic @ty ("RAM' ), and may be used to store the progranmm ng

i nstructions executed by the processor 202. The nonvol atile storage 208

- MRy CONPiy §6ntradl toeHMRldital R4 Prycdssing appavdhls Diftidebed atove| amdifferent
magneti c data storage disks such as a "hard drive", a tape drive, or any

ot he%nggbm‘%}lt%f%egﬁgﬁ\t%%gﬁ @hﬁci?d@iw Mstsn280cAMnpatdriteddRd ipstructions

I npu 210, as a , bus, ‘cable, electromagnetic link, or

ot hey nmeans for,.th r t d h

ex'sj g{onﬁpﬁ?mﬁfthéggoar}tgc{ngge@%@. a%cSIS%Bic@ gﬁtéﬁ%azggbi ?}e@e%bgg@%hﬁﬁ?ﬁ%ﬂ?on,
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machi ne of different construction, wthout departing fromthe scope .of .the
| nvelhis degic ABay e dBPIATRORIRERY SONSICDO R ARAIRBUARAPECIDBANeSBAH G Gyl
elimnated;, furthernore, the storage 204 may be provi ded on-board the

pr ocEASIC")20ayingr teaesandsr ofi tiy iptagsated| transistarpe aPyeht adsASED. map be
02/ 093451 PCT/US01/45809 19 Logic Circuitry In contrast to the digital

dat ajnpslefRAted WithPDRMCS U TU] YL 8§ serdaradtberesuitabie tcbastaunttione nbthkrnalternativeshe
i nvention uses logic circuitry instead of conputer-executed instructions

toi m&h{%ﬁe%t didial CRghdIOhtdRiesdik8dcRiBA(“DSFERNEietetET cildultry epem disngesistors,t he
particular
capacitors, diodes, inductors, and transistors), field programmable gate array (“FPGA™),

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

OPERATION

Having described the structural features of the present invention, the 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 applicability 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 magnetic 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 controller 118d and controller 152 perform machine-



requirenents of the application in the areas of speed, expense, tooling
costs, and the like, this logic may be inplenented by constructing an
appl i catiwo-opexsfic integrated circuit ("ASIC') having thousandsoof tiny
integrated transistors. Such an ASIC2vay be inplenmented with CMOS, TTL,
VLSI, or another suitable construction. Oher alternatives include a
digital signal processing chip ("DSP"), discrete circuitry (such as

resi gkééfted progamm tseaaen@lwdﬁése vsaewﬁdyssmawé mABRiehHted va%@é forms of

programmbegate array ("FPGA"), programmable logic array ("PLA"), and
the Ligkg)-bEH THnS!Na Hai e %Ef‘eﬁﬁk RdridERE ?“%}L}Hhak é;f %Pbeém\%/ge%eaﬂem
present 1 nvent the operational ~aspect o e present [ nvention vm
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applicabili tégto nmedi a storage drives and renovable data storage nmedi a of

al | Plgsessor RAZsplthatherscentained iy the starage 79, iisketiee 400 g ek efsavderes thiel |

suited for magnetic tape nedia, and the explanation that follows may
enphiustrustions maynhbeastoredaon anvaiety lof mashingireardatile ldata storage medidedSome
limtation. Signal-Bearing Media In the enbodi mrent where the controller

118deramhphsnincladeadiretbacoess storaga@gna snveatioaaI4hardamiveSeaddieddifl arRdy
execut ed program sequences, these sequences nmay be inplemented in various

for mgf Ohexgdritidd -NIs |(MAAMPYI dr hRothae Gl?éﬁteébcégs Ftérdge devitBC*DASD™)),
si gnal -bearing medi a may conprlse for exanple, the storage 204 or another

S gnglan %fc{ %‘Q%rﬁ?@&?r Se}z(#fy g@g geﬂ%%e@tﬁzag%@e SLREAGRicIhSAGbRIES Akl URE
(e.g., ROM, EPROM, 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.

Loqic 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 Sequence of Operation



processor 202. Wiether contained in the storage 204, diskette 300, or

el sewhere, the instructions may be stored on a variety of machi ne-readabl e
dat a storwgenedsn. Sonme exanples include direct access PConsge4se? g., a
conventional "hard drive", redundant Array of inexpensive disks ("RAID"),
or another direct access storage device ("DASD')), serial-access storage
such as magnetic or optical tape, electronic non-volatile nenor (e.q.

ROV EPROMGUOREEERROMSs, a ssiquenye B0k opfurier ilstiateionst examele( ef é\.e, methaqrom
WORM DVD, digital optical tape), paper "punch" cards, or other suitable

si gnakp&Raf it presedit imvientibn diBrgadipaindbiscseqiiegte @inetoranerd swdandrivasi andiod
anal og and communi cation |inks and wireless conmunications. In an
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i nstructions nmay conprise software object code, conpiled froma |anguage
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i mpl enented in the contr r-118d and/or controller 152, and is

conf ﬂmjﬁ_e@ue&pfﬁ_eﬁ185?%5&&&8%‘1@85i@?ﬁ%%qc]? ?¥e nethod of the invention.

The logic circuitry maé be inplenmented using many different types of

ci r cui t ry|n stepdtQs astestinigisoy instaliadion engmanicsysteBradmisiiates onethes nyean 1

PCT/ US01/ 45809 21 FI GURE 4 shows a sequence 400 to further illustrate one

exanmpperatdr lohds meehardmoss pktite sbtst HD- b @ vétit a camenand relappoddirymedia drives

sequence one or nore nedia drives and/or command relay ports are added to

t he Insbhahiod&R abalé ethewhvehtidrheohtebimates 10 Ragtgreft sther devices for use in the
slots, although the present discussion (for ease of illustration) focuses on command relay
ports and media drives. In the example illustrated by FIGURE 1A, the operator fills 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 partiton 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



according to this configuration to satisfy hosts' data storage/retrieval
needs. For ease of explanation, but wi thout any intended limtation, the
exanpl e oomR@RE 4 is described in the context of the syswrasooisshd GURE 1A
as described above. In step 402, a texhnician, installation engineer,
system adm ni strator, or other human operator | oads one or nore of the
slots 110-116 with a command relay port or nedia drive. As nentioned
abovmedtshideinay raw/colinuolecatiphaiire heabingr 128, ypref defings sdlsactiens flgParl?Oc of t he
slots, although the present discussion (for ease of illustration) focuses
on cthensing 126, ay anpthidrbamsis),oresther libramesompanerits. draaddition td centeatseof tine

FI GURE 1A, the operator fills the slot 110 with a command relay port 150,
and patitisné,"stepl 404 4 Miabs Ddetweem cach\ariich ahd arieepr Méré, partieulapatais or
initiates configuration of the library 102. This involves issuing an

appr ogh} PTG { UPRd ' be \¥8b& FoPFBLtIAG rAbdattrarispem one
of tﬁ@ﬁhﬁgﬁﬁl IIgvm ng: o'ncg (?)Li‘ytdr’]e hgsﬁse@%gﬁ\%l%? eé trigger, ag autg configure
sequ S : ) . qr' n C ; t

; obott tmanfc R Eind il asict, of (560 o hogts e iEBBIE Ackitel 18
power j, ng- st 404 tri rs the first configuratio f,.the |ibyar 102;
P ke alPetyy ol am sepRETP.trspine RNy padiaRb 5BP s S P st
changed the contents of the slots 110-116, then step 404 triggers

r ecompy dr iaciugaddn thepartitippglefintiops. | n  addition to providing an

I nstruction to configure or reconfigure, the command of step 404 nmay

cont ai n oRbsponsifetarsiepat(4, the robadicideyivei T1&deteonines thestaie ofithealots 110ns
in the library 102. Each partition may include one or nore of the

. f ol h pgVi(step 40B). Narmelye fareshich slot, \tre robdtitpdevié@rpdrdetamsiaes whether theestst i n
the storage bins 120 (identified by serial nunber of WO 02/093451

PCT/ Hsgéé\fﬁé@%r. gr%g’ES_Fdeér?d iift §BBupic@MvRal Witk |0PCRicupBAt rsidee théres. 128, the e-

defi ne section 20a- 120c of the bins 120, or another basis), or other

Hibr ﬁ’ILXtraCt%gpeonqggéi?ﬁenlt,nth%dr%ibto.iig BelRe PrE g&te?‘mmest\pﬁether each slot occupant is a

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



partitions, step 404 al so maps between each partition and one or nore
particular slots, comuand relay ports, or dual purpose nedia drives to be
used for wourissgsnedi a transport conmmands (pertaini ng toPChaSpr#isdd i on of
that slot) fromhosts to the robotic Bevice 118. Alternatively, rather

t han separately mappi ng between partitions and slots as such, the slots

may be included in the partition definitions. Responsive to step 404, the

r obot§stedfvd"CpprdSciil eihsfeadneSeidhangingt Megaddie thé pbiSoticLfevidd G 18SdétBcté O -
Nanely, for each slot, the robotic device 118 determ nes whether the sl ot
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occupapt types.as well . such as a Fibre Channel gat router sw {,ch,
nub. PHLERCPROS-BPula' A5VRNEEPY Ao SrecnaisaD Gadenpiical SiRture Bl s e
media drives, etc. Step 406 may be perforped by actually detecting certain
pr opé&lati Banyvadghies okwhichawil e grparentde erglingeingkillad adisans having taegae@eﬁt
status. In one exanple of the detecting approach, the robotic device 118
exchahdlke thissdisglesursi. t thn still canathememblodément, tee gobotid device tpproperatasean
robotic device port 110b-116b. In this enbodi nent, the robotic device 118
may optitalzeeadepr grtnsldwive saahpassa dfardicblier maidec aonmiiglat sehsort to adiétepta
communi cations with slots' occupants. After successfully comunicating with

a sl gistifguiSARgPBa coddierefiebVd SeAsHH FRnIrkflett SERYHICHr BRR& SR Irfficator
comuni cation using the now confirmed command set, for exanple determ ning
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or by experimentally attempting to load a media 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 RF, 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.



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
comand rwbag/opmst or nedia drive. This pull-up or pull-aowtrusos4mehi eved
by an optional nechanical and electrical structure of the slot, many
varieties of which will be apparent to ordinarily skilled artisans having
the benefit of the this disclosure. In still another enbodi nent, the

robotic deyigR, taSe O AlsRits6F stePt Aol Reagresdiit illabwatey sxahplasinaluder
code reader or light sensor to detect a distinguishing bar code,
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t he ccupan n st erent enbodinent, the robotic device
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slots' states according to one of the foregoing tasks (or a conbination
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record 118b. In contrast with the foregoing, step 406 may be satisfied by
specifivecaElaghashisomindiddes & aeoof dadlitiesc evhictBraly ¢draptiseaayofdhe following:
configuration. In this enbodi ment, a human operator manually exam nes eac
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The robotic device 118 may learn of desired partitioning in various ways. For
example, the robotic device 118 may consult 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 pastitions as shown
in the following references:

1. U.S. Patent No. 6,185,165 entitled “Positionable Vision Indicators for Configuring
L ogical 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

h
0

by



In any case, the results of step 406 in the presently illustrated exanple

I ncl ude recognition by the robotic device 118 that a command rel ay port
150 lies wookhesssi ot 110, that a nedia drive 152 lies inpChassi/edsod12, and
that slots 114, 116 are enpty. In st¥p 407, the robotic device 118

i npl ements any applicable partitioning scheme. Each partition, if any are
I npl emented, defines a set of facilities in the library to be exclusively
usedhdiywonly those hosts attached to that partition via a command rel ay
port or dual purpose media drive. Each partition includes a set of :
faciliti esftembtiephtova)the aiRirySEOR@hdoFobiotie devideo™M idn padtiveilar) stemderesdyrtage
bins 120, one or nore nedia itens, one or nore slots 110-116, or a

conb, nabie[stah 4085, fIRTREPIAND, the HoBE 106a58UYs dheldid trahspéredommandsviaathe
partition s defined associating the host 106 with the port 150, nedi a
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desi ng Irn various ways. For exanple, the robotic device 118
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enbodi nent, the robotic device 11 ti [ desi,red
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6,185,165 entitled "Positionable Vision Indicators for Configuring Logical
Li br atheespérationadnl coribnationywith the oedia itew, Igaded thaieinNo. 6, 044, 442 entitl ed
"External Partitioning of an Automated Data Storage Library into Miultiple

Vi rtual Linbstapi4st, fthe rébotis sebigea 18 comahiunjcaés Matht sccupastuetithevalotsh1 28,
2000. The entire content of the foregoing patents are hereby incorporated

her e b bys fegieBNC & orAfdstindecaihRi bl a8VicePPls aaly eragaiveel irietia nearspoene,
the robotic device 118 will enforce this schene when carrying out robotic

devi o RATIRNASPiné Sfthifahbe A H 15025 IRCRAS I2RE, Wb ORbBAS Addvice 118
evaluates the received command (step 416) against the appropriate command set 118é,
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'te.;; 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,
INVENTORY, or other host command to learn the contents of the storage bins 120 (step
410), the robotic device 118 (step 418) 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



25 below. After step 407, the library 102 (and robotic device 118 in
particular) stand ready to operate (step 408). In step 410, the host 106

I ssues newtDazpv@Essport comands via the comand rel ay poPCTABO1/#3884 r ucti ng
the robotic device to obtain and | oad26nedia itens to the nedia drive 152
as desired. In step 412, the host issues read/wite requests to the nedia
drive 152 instructing the nedia drive to READ, WRI TE, ADVANCE, REW ND, and
per f ghMstept BEB) aRRIcE | o sthewisendishonbrn haist Feantreandsli to LOAR | rag@therwise
therein. I'n step 414, the robotic device 118 communi cates with occupants of
the gh4HiSulafel othdrl HartioheedaddiaFttenisist Ane erobotie detioei ¢18lemagerejdd tagt
receive nedia transport commands fromthe command relay port 150. In this
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agai ns e appropriate conmmand set 118a, - and 1f the command is proper,

t he éggﬁ%%%dqﬁ% ﬁ‘eﬁ_%”émﬁlgé kes whatever action is warranted (step 418).
For , 1T a Co n

"is received in step 414, the robotic device

118 in step 416 verifies the LOAD.command.. i ; [ |
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| oad 4i1Heacsesding do asyiaprlicable paritioning srBems- dron/Bstanse; festobotig figvic
Advant ageously, if the robotic device 118 in step 414 receives an AUDI T,

| NVENTGRMfuse tothoaor aosedisotranspprt comemand if Hbe comraand concems a mpdgdtep ns
120 (step 410), the robotic device 118 (step 418) only returns the

cont eitsideothd Benmpaand triittatoss paditied. tla art biterativeyedhbadimgnt somel 60all ob the
where the AUDIT, | NVENTORY, or other conmand is received. Thus, the host

106 canifin efBRterhdit GRidsaRbs befpatidiried st sloRoEEdgamts, In s embodimerte

| i kel'thood of confusing nedia itens anong different hosts. Simlarly, the

rObOttliwé: ro ecyticcc?evice 118 after creating the partitions (step 407) recruits the slot occupants 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 transport
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,



WO 02/ 093451 PCT/ US01/45809 26 (in step 418) rejects or otherw se

di shonors host conmmands to LOAD or otherwi se nmanipul ate other partitions'
medi a it ewe.020v8351 oboti ¢ device 118 may reject host comeaaaisof/essoexanpl e,
by returning an error nessage via th¥® conmand relay port associated with
the originating host. Additionally occurring in step 416, the robotic
device 118 evaluates the input of step 414 according to any applicable
par t and mhatig direneomfFumidatonameay octig. Mdbrepiver, dachod the Stepsad10.e¥1%s @ndo
honor a medi a transport command if the command concerns a nedia item

out si fie mdye beorspeated B tnedestary, RiRbentingnupdm then datd storage \apesatiors beinig,
sone or all of the partition enforcenent duties nay be perforned by the
sl ot coteieants. In this enbodi ment, the robotic device 118 after creating
the partitions (step 407) recruits the slot occupants to enforce the
partitions. Nanely, the robotic device 118 forwards partition information

as necessary to the slot oc %M%@Q‘WEWT@'[ or refuse nedia transport
commands appropriate to the established partitions. Mdrre particul arly,

since eacgh,slot is associated with one rtiti r ti i 18
directs g\%ﬁest?‘&f%&%qﬁ'&% S ‘ﬁI{rﬂoﬂ‘@n%ﬁ%l%mfﬁ@gsi%ﬁ@egﬁ%ﬂaﬁﬂg@lga&fwém
or storage bins_under the partition associated with that A slot. Sone
exanprerticsy, B will bec @pparent; tathasg sdllededp uihee @t thathivarigusnehandes| #ad
command relay ports (such as 150), dual purpose nedia drives, or any other
nodumedifisbtiens capdre yade deseinowithoutydenatiing fioamhe rscope nefath@sinventionr: as
robotic device 118. If desired, such devices may be additionally recruited

t 0 edéfifetiebpiteappémddditiaims. Gurteetinerd, raithopgh elementseofdhe isweritioasmay be
rejecting commands with inproper syntax, rejecting unrecognized commands,

etc. %@ctrilBQHtoraBDéi%BBQHdlﬁ@ tihgLlaRt tHen plusdieiBScahtBmpfetéd Uhidsatimitabomnol the
paral l el because
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.



there is a nearly infinite order in which host storage requests, nedia
transport commands, WO 02/093451 PCT/ USO1/ 45809 27 and robotic device
conmuni cawbmmeirmy occur. Moreover, each of the steps 410pc4aRp1/assd9 414
may be repeated as necessary, dependi?sg upon the data storage operations
bei ng conducted. OTHER EMBODI MENTS Wil e the foregoing disclosure shows a
nunber of illustrative enbodinents of the invention, it wll be apparent
to those skilled in the art that v&LAIMS changes and nodifications can be
made herein w thout departing fromthe scope of the invention as defined
by tweHApPASCloAIMERIISE. Furthernore, although el enents of the invention may
be described or clainmed in the singular, the plural is contenplated unless
limtation to the singular is explicitly stated. Additionally, ordinarily
skilled artisans will recognize that operational sequences nust be set

forth in AowWBtHRESH loperatimies dads stdiggevstiess Idraryethat fvhidesna aoibtid mediang,
but the present invention contenplates various changes beyond such

iPe%r%rhg%%gg\r/ice\éﬁdoazélg%ﬁﬂg%f RialtiddpdétSIBR the thelthdd BEmpYisihg: | S CLAIMED 1 S:

_ ~tor operating data storage/retrieval library that includes a

o T AR AR S P MR o ol = he
ﬁgg}) ;i er ,n ggr?dr}ﬁcp,rgg:sfﬂg?e sﬁé)tl %g&ggwﬁ Bgdz;a%‘lfegl]a;gnwe thseI gfotiiss o%%ﬁ&%idegy tz)ayre"fl.:-ly
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, 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



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 wopeeoegased; for each sl ot occupied by a relay noaaliraisot/esoo
transport device receiving host nedi &9 transport commands fromthe rel ay
nodul e and responsive to the received conmands,. perform ng operations
conprising transporting nedia itenms anong nedi a | ocations conprising

st or dpRAWes oceRyinG Hhe siots,\eachl partitienidefininga diffetent groubé onetdnatbrefofdhai m
1, the determ ning operation conprising recognizing whether the slot is
occupelawing: ene onpwrermediadtanas,|aret oif moreldietia drieesroneorenoie nedis etdragé ng:
switch, hub, gateway, router, network storage, Ethernet nodul e, storage
devi dagatibast, storage enul ator, conbination nedia drive and command rel ay
port. 3. The method of claim1l, the operations responsive to the received
commands further conprising: restricting host access to conponents of the

library aqeerfbfModsr d?éiﬁ?@Wvﬁ@%i tb%gi'rpgéﬁ%tiorpéf rtoe%&ricﬂﬂﬁ’ho%ﬁﬁgcé@rcfda yﬂ)l’%s:

exclusively associated wth a set one“or nore re

021 053451 RETLHSRAA AN R8P LEB PR, AP B b A et

defining a di ent group o

medi g L.t els e or re nedia drives, one or nore nmedia storage

| oca F?Lﬁ%r?.m%.oot%ﬁé)rﬁggﬁb@ @E'C@I?H?W'QPSMere the operation of restricting .
host acceshs conprises: the transport device instructing one or nore slot
occupant s th& nsdkicted slotoeecupantss sesteling GoaY aceesshacpeing itadtie | prgdetined

partitions; the instructed slot occupants restricting host access according
t o t Ingigal paditionsd

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.



| ogi cal partitions. 5. The nethod of claim 1, the transport device having
access to a configuration record identifying one or nore partitions, each
partiti orwexelhessvel y associated with a different set of ea@/uso/#spe rel ay
nodul es occupying the slots, each pardition including a different group of
one or nore of the following: one or nore nedia itens, one or nore nedia
drives, one or nore nedia storage |ocations; the operations responsive to
t he Becei The methmrhdf claint hethe depermining, ofesatien Icompsising @t deastane obtmands
arriving froma particular relay nodule, limting host access to
conpfoliwisg:of the partition assocrated with that relay nodule. 6. The

met hod of claim1, further conprising: placing one or nore nedia drives

i nto respesd irdRsputeedte iekehahdlh§ mesbagdd witheimescupant bRbAR br micietshas;
conprising: placing one or nore relay nodules into respective ones of the

slots. M@(rgﬁgﬁﬂdgﬂél@%ﬁ?&%ctrﬁgl @onf@rﬂ]l?aﬂ?ﬁ\t &osh %}E:gii?ﬂlﬁd'tmfjone% (E?:more

determ ni ng operation conprising at |east e of the OW Nng:
tranﬁ%%.t devi ce exchangi ng nessages wi th an occupant of one or nore slots;
the fransport device detecting electrical configuration of an occupant of

R TR R AN AL S AT N e LT S
an Ogi[oitsc;al reader to detect one or nore optical features
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 slots, and

ascertaining the state of the slots by results c;f thé attempt;d touéa.
9. The method of claim 1, wherein:

the operations further comprise the transport device receiving a mapping between
components of the Iibrary‘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 one relay module and seek access to library componenfs of a partition associated with

another relay module.



di spl ayed by an occupant of one or nore slots; the transport device
attenpting to load a nedia iteminto an occupant of one or nore slots, and
ascertai wog2ibmsst ate of the slots by results of the attecpruspr/idses
transport device conducting wrel ess Hcanning of el ectromagnetic indicia of
an occupant of one or nore slots; the transport device attenpting to touch
an occupant of one or nore slots, and o0 o ascertaining the state of the
sl ot s10py rPemethed for oprrating engatadstoagelretrizvar lilsrane thad dnaides airobadtic whestizi n:
the operations further conprise the transport device receiving a mapping
bet wéemspodjeviverdrsd afplaratityl of onaitigupode siugs,the msthog@omprisiits, each
partition exclusively associated wth one or nore relay nodul es; the

t ranspor t ifgxg e@pRr €lbi, Oletbrhinive] o @tmei Gfesach HIGNebNPEsRBSbnE WBYMBIRISolid\hg
arrive via one relay nodul e and seek access to library conponents of a

ar t ichh8mnas Seei L4 i A
PaT RhSMons bl JhER bdibied b e lodlLl e, The Widtis YELAAEE B bommand relay

mul t Pl HAL B e oEEind BBk ARG feghl ABLHA, s PR BoPlothe Sl

state of each slot conprising one of the followng conditions: the slot is
occuﬁﬁgﬁmﬂyegfnedia drive, the slot is occupied by a conmand relay port,
the slot is occupied by conbination nedia drive and command relay port, the
slot is {Rloeeehpisial;oqcypiashby & remnandlifrlay poyt and Jarreach rbotagequpiad Byida f or
each sl ot occupied by a

combination media drive and command relay port, the transport device receiving host

media transport commands therefrom and responsive to the received commands,
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



conbi nati on nedia drive and command relay port, the transport device

recei ving host nedia transport comrands therefrom and responsive to the
recei ved worassdsy perform ng operations conprising traneporusongsoedi a
itens anong nedia | ocations conprisidg storage bins and nedia drives

| ocated in other slots. 11. A signal-bearing nmediumtangi bly enbodying a
program of machi ne-readable instructions executable by a digital

pr oc essipngirgpgtarayjeusing @angdanédiandrivesratadted in the statsage a dat a
storage/retrieval library that includes a robotic nedia transport device
and a plurality of multipurpose slots, the operations conprising: for each

sl ot q2det & BHgit Bigcuat St AuRiph irtaedonhkefedi d166tHEAINY cOtuctive tdiembats EWfid@ired

conditions: the slot is occupied by a nedia drive, the slot is occupied by

ar eké&ed@@ghﬁgﬁggﬁ%%r Riinhge PS dR4 @t&%@éﬁéiri@(}ﬁl liBYahy dhAJirlch| %! 8 FoBBHE a

transpaort romone~or nore hosts to the robotic nmedia transport

e 58.cbNscPh gl by of BRGALIALES S 1BaRCRlB-upia LY a rel ay module,

the tr port- deviceé recel ransp nds fromthe

relay noduyl e and sponsive to the received conmmands rformn

oper at i ongorc% F&’I’ &@F’Qﬁ%@t?tﬁge Pﬁ@a%&%é' ¢'d ga(?’%g?ﬁ%%lifogh“g'&%ti ons WO
02/ 093451 PCT/ US01/ 45809 32 conprising storage bins and nedia drives

| ocat ed i Fop@iEioBs:otthe siot ispogcipied byra imediadriyg) tﬂi'%lspti'ﬁtc&céé'ﬁﬁeﬁy édrelay

el ectrically conductive elenents configured to performoperations to
manage a dadulst oonfiguredt té epaifoin bopesativhat irchudingletelayingboddia tren$part and
a plurality of nultipurpose slots, the operations conprising: for each

sl ot, det ebffinvamds froft 6h€ oPimsrativstd @ thenwlbotic Medinerarfspbhiteddvidd, aké Bt is

conditions: the slot is occupied by a nedia drive, the slot is occupied by
a relay ynoccupied; :
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/re_trieva! library apparatus, comprising:

a plurality of multipurpose slots;

a robotic media transport device programmed to perform library management

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 relay module, receiving host media transport



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 wopeeoegased; for each sl ot occupied by a relay noaaliraisot/esoo
transport device receiving host nedi a3 transport commands fromthe rel ay
nodul e and responsive to the received conmands, perform ng operations
conprising transporting the nedia itens anong nedia | ocations conprising
st or agenrhamds &och thezlirelay rmudslel achtesponsiveHe theaeseivaéd.commiands, performing
storage/retrieval library apparatus, conprising: a plurality of

nul t ioperfRFe 6@pbssing trahhdringetieamedianitpoist athengcmegid yocativad ¢amprsingr m
| i brary managenent operations conprising: for each slot, determning a
stat %Qcﬁia%@&ﬁgé'ﬂﬂﬁs hRE ImEliAdrioes 1cthtddd dtRét Qvisng  conditions: the slot is
occupied by a"nedia drive, the slot is occupied by a relay nodul e
configured to performoperations including relaying nedia transport

co ds f host s, & 4] i r ey] t he
ol o s urlbecapr At of S 75 fid Bahtiior BepkCo SR oblRHEa" SuckCiaF the
host dia transport WO 02/093451 PCT/ US01/ 45809 33 conmands fromthe

ol o STRERIMG T e SREIAFOE SoCaIARG A POETDRAIAKIS SERUP s T A gompoRent
operations conprising transporting the nedia itens anong nedi a | ocations
conprios iy listriagluging epager Bloke qirtge fetowing; switsh) Bebt gatewaYerplder.snefvork 14
The apparatus of claim 13, the transport device being programmed such that
t he stierbgenEthiengetopedals, storagedevices hosic stpnage rgulater,eambinatien oredia drive
occupi ed by a conponent froma list including one or nore of the

f ol | pdsbmswhd GBlaylpaet. gateway, router, network

15.  The apparatus of claim 13, the transport device being further programmed such that
the operations responsive to thé réceived ~commaAnds 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



storage, Ethernet nodul e, storage device, host, storage emnul ator,

conbi nation nedia drive and command relay port. 15. The apparatus of claim
13, the twanspm4s1 devi ce being further programed such thacT/uses4ssper ati ons
responsive to the received conmands firther conprise: restricting host
access to conponents of the library apparatus according to predefined

| ogi cal partitions, each partition exclusively associated with a different

set @hrroneut andpoR HEViay MBHUCRIMSOLS URgtrity Hdkt atadss, tedibharnyacbiripoasnts
defining a different group of one or nore of the follow ng: one or nore

medi actd@iy to%@icﬁpé?ﬂfi@n%nﬁﬁga by ®%e traRSpdHt dEViEs. nedi a storage
| ocations. "16. The apparatus of claim15, where the operation of

restricting host access conprises: the transport device identifying

pr edqgi neﬂ.gle%ﬂ;g%g%tgg%rftciat% to one or nore slot occupants and

i nstructi occupant's to restrict host access to library

COrPOnCT S SRR Sh B PSSO B e Rl By opd more

residing in one of the slots, each npdul e programmed to WO 02/ 093451

PCT/ 08ditionsgggch pariian ?WH%’V?'Na@%S&&Hte@IéMF"bé qifgrant St GhONEoOF Qe Bl ost
access to library conponents according to logical partitions identified by
t he mathdemoccupyingthe sats, ach pppiipatinguding @ cifferers graueot ergmepoiare géthe e
havi ng access to a configuration record identifying one or nore -

part ifdliowisg: crachr pré intedia iterts, osie\wal moswediaadksywionk ar rdofef media steedgeof
one or nore relay nodules occupying the slots, each partition including a
di ff es@fbngr oup of one or nmore of the follow ng: one or nore nedia itens,
one or nore nedia drives, one or nore nedia storage

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 or more corresponding slots: switch, hub, gateway, router, network storage, Ethernet

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



| ocations; the transport device being programred such that the operations
responsive to the received conmands further conprise: for all nedia
transportwomemneiads arriving froma particul ar relay nodul ecT/usonmispng host
access to conponents of the partitiomsassociated with that relay nodul e.

19. The apparatus of claim 13, further conprising: one or nore nedia drives
occupyi ng respective ones of the slots. 20. The apparatus of claim13,
furthgp @gﬁprising: one or nore relay nodul es occupying respective ones of
t he slo¥s. 21. The apparatus of claim 20, the relay nodul es conprising at

| east one of the follow ng: command relay ports, conbination nedia drive

and ngraqﬂer p%?zatgg;dg Co“%%':ﬁaé f%%'i‘?ﬁ_%m:at us of claim 13, further

conprising on no OW n talled in one or nore
corresponding. sl ots; Sw hub ﬁ)’vﬁ%? 0 r...net
Et her net °HB |@8Fes{%§%€i§§g%,ceea!crﬁ€ei ) stdggeagé%grrr'ﬁ{ﬁgt%\?mgg %?%?ﬁagﬁlartr%di a
driv nd co nd WO 02/.093451 PCT/ US01/ 4580 35 rela ort. 23. The
appaPehtie @ TSk TATat oflAachBY Benbrvis: FiFdAenspoRsrn gty srdidi seoonsch
relay nmodul e conprising an interface to translate between a first format
ut i | foreratsilizedbby g eobatisanediateanspertideyis®mands and a second for mat
utilized by the robotic nmedia transport device. 24. The apparatus of claim
13, the deternmi ning operation conprising at |east one of the follow ng:
t he edansibetappevatus ahatdiands nthendeteagimingrdpdration comprisitig af leastone ofthe
sl ot s;
following:
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 results 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

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



the transport device detecting electrical configuration of an occupant of
one or nore slots; the transport device receiving operator input

speci fyi /yotobeomsat e of one ornore slots; the transport @ewiusel/udsd i zi ng
an optical reader to detect one or no¥e optical features displayed by an
occupant of one or nore slots; the transport device attenpting to |l oad a
nmedia iteminto an occupant of one or nore slots, and ascertaining the
st at predlefihbe rabdiasdidyes’ and|drie of nidre sdftvearpt functiores compsitibler withvpredefined
conducting wrel ess scanning of electromagnetic indicia of an occupant of
one playRiAIufdsOts; the transport device attenpting to touch an occupant of
one or nore slots, and ascertaining the state of the slots by results of
the attenpted touch. 25. The apparatus of claim 13, the transport device

furthgr c rq,si : e : i}
f uncEPone 18 asbefiius STRRRG 136 huRkghoge CANITBACE S ibotRifed MucHangt

drivgs and _pne or re software functions conpatible with predefined relay
nodu sqpei'éﬁoﬁﬁ"g%gggglpg'sseof claim 13, wherein the transport device is

d h that  th -at i furth ise: the.t devi
ecal vi ngthe HAEPRG HevRBefPuabiRbrBrTaPang hetrreh Pty oSLIRanPERL o

nore partitions, each partition exclusively associated with one or nore
r el agppatuseandpngOndNPFey PRBEIONEo AN RATHTRN exelupiyely pssesiried Vil angdarl e
and seek access to

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 ol
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



| i brary conmponents of a partition associated wth another relay nodule. 27.
The apparatus of claim 13, each slot conprising: a bay sized to slidably
recei ve owecofodbe foll owing: a nedia drive of predeterm med/uS01/45809
configuration, a relay nodule of predsterm ned configuration; one or nore
connectors configured to connect an occupant of the bay to the transport
device. 28. A data storage/retrieval |ibrary apparatus, conprising:

mul t itainepett @ommeands &aoh oheror dedrecihets Yo thecmibetio gnedia drsnspsrtatevice, the slot
predeterm ned configuration; robotic nedia transport neans for performng
| i br a¢rariigag@cenpiedper ati ons conprising: for each slot neans, determ ning
a state of each slot neans including one of the follow ng conditions: the

slot means is o¢GUBLEN ¥t M dcElipive. byt e relhptmBBaeS reseivingCHOStE thedla a
relay nodul e configured to perform operations including relaying nedia WO

02/ Or?%égg;oﬁ%ﬁ{ﬁ%eé%&% tré@%%fg‘z@{l% RITERBRSIVEH BHRE rédeiVB BofAsdrdst O

tlhe I'c nedia transport e slot  neans is unoccupi ed;ﬂ for each
commERaoT GO REPoRas bty SRERind S5 rHedd (RS, ZE0hG pbaRrRRRone

perform ng operations copprising transporti t he dja itenms anong nedi a
Iocatcpﬂ?i%”s'@rr‘f‘ﬁ 1% $tRERgRBINS ggi@ f%'%‘f?ggﬁirﬂbﬁ}fng?{ W&&8NFocated in the

sl ot neans.




