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i nvent i orwoebet/®@s7mo di stributed nodal systens of 5 precespees/,ooand, nore
particularly, to node addressing in a network of a nodal system of
processors. One exanple of a distributed nodal system of processors
constitutes processors for operating an automated data storage library.
BACKGROUND OF THE | NVENTI ON 10 Di stributed nodal systens of processors,

al so called "enbedded" processor systens, are being enployed in a w de
variety of applications, and in ever increasing nunbers. In distributed
nodal systens of processors, for exanple, in a control system overall
systemcontrol is distributed anong 15 two or nore processor nodes in the
system or product. An advantage of such systens is that problem di agnosis
and repair is sinplified because functions are isolated to different areas
of the system Further, such systens can be expanded by addi ng conponents
and processor nodes, w thout 20 replacing the entire system The nodes of a

di stributed control %hﬁ Wa‘g‘;ﬁ%é %H&Ct with one or nore
conmuni cati on networ ks, e?ﬁ\q\{:a ea a érlgef![v\or ) e exanple of a control

system conpri si ng A i SIRIBUEED NODXIA| sy e 0O PROCESSORS S conpri ses an
automated data storage 25 library, such as an IBM 3584 U tra Scal abl e Tape
Library. The processors of tHEEEBENF | THF aFYVENBI rbedded with vari ous

conmponents ghikheihv&hieiyn ¢eNERRICAES M@traRteehdRsK, AttenPesate the
conponents and, thereby, the library. A _discussion of _an autonmated data
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nodal f¥s{/BAKOTo P QCERRRIS spsPERVFethiedhsSrs. Pateid BRamP1356,803,
i ssued 3/ 12/2002. Repair actions for such systens nmay conprise replacing
an i ndP¥FEEAPUESApAIRSL WSHRIBCRESHTOREESOTS FPTHtolas®y R¥OFRESABIe. The

l'i brar¥okSoperating an' automated data storage library.
BACKGROUND OF THE INVENTION

10 Distributed nodal systems of processors, also called
“embedded” processor systems, are being employed in a wide
variety of applications, and in ever increasing numbers. In
distributed nodal systems of processors, for example, in a
control system, overall system control is distributed among

15 two or more processor nodes in the system or product.

An advantage of such systems is that problem diagnosis
and repair is simplifiéd. because functions are isolated to
different areas of the system. Further, such systems can be
expanded by adding components and processor nodes, without

20 replacing the entire system. The nodes of a distributed
control system are usually interconnected with one or more
communication networks, herein called a “network”.

One example of a control system comprising a distributed
nodal system of processors comprises an automated data storage

25 library, such as an IBM 3584 Ultra Scalable Tape Library. The
processors of the 3584 1library are embedded with various
components of the library, communicate over a bus network, and
operate the components and, thereby, the 1library. A

discussion of an automated data storage library with a



5 fornmed of one or nore "franmes", each conprising a set or subset of

| i brary conponents, such as storage shelves for storing data storage

medi a; orwoanoamBEIdat a storage drives for readi ng andPer/Emoasiony3dat a

with respect to the data storage nedia; a robot accessor for transporting

the data 10 storage nedi a between the2storage shelves and data storage

drives; .,a network; and a plurality of processor nodes for operating t he
n
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processgrcBedels) @dded ch%oﬂ%h\e@r,k se¥nhaye nepede addigss, psr-have a

partial node address, and node addresses nust be given to the new
pr oces§bPraddesiatgheptanagadingddaal 5 conpareift , dpFacesseadsoder 1ves a

procesgge aleddndodmajor LeRacs: agthnehiht aqn coppopral qelg., or
anot her conponent, etc., is swapped, the processor node nmay have no node
addr esstovage| fmedapped maPOENPROyes QT pricvy olrs amsdor taddr esbe Rigtaer,
pr oggs e i C e o] e nts,
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por mangher st FREo e AR e PLAYERH, Mo e R BRI SN, AR "
new nodeeaddr esories foames aOpdfeEt ooner CEPANIrPerESTRSEEIESSPYn etmere
addresg alh one WD 2004/003779 PCT/ EP2003/007137 3 exanple of a conpl ex
node a %resé, a conmponent nmay have a function portion of an address coded

i nt b5 a cardinandea frewample of a control system comprising a
distributed nodal system of processors comprises an automobile
multi-processor network.

In order to communicate over the network, the components

and/or the processor nodes, must have node addresses, such as

20 employed with CAN busses or Ethernet networks, as are known to

those of skill in the art. When a frame is added, the

processor node(s) added to the network may have no node

address, or have a partial node address, and node addresses

must be given to the new processor nodes. When an individual

25 component, processor node, or a processor at the node, is

replaced, either with a new component, etc., or another

component, etc., is swapped, the processor node may have no

node address, or, if swapped, may employ its previous node

address. Further, processor node cards may be interchangeable

30 for all of the components, allowing ease of parts handling and

to simplify diagnosis and repair, but preventing the use of

static addressing where there is a separate part number for

each node address, or preventing the node address from being
permanently fixed at each processor node card.

35 One way of providing a new node address 1is for an

operator or repalr person to assign a node address. In one



nunber is supplied to the processor node, and the function address and
frame nunber are conbined to calculate a node 5 address. Alternatively,
aut omat i cwordesooaf79pr ovi di ng new node addresses may be pemEPayBMO71A3 One
exanple, a cable is designed with certain lines tied high or lowto
provide a binary nunber that may be ®nployed to calculate the node
address. As_anot her exanple, as di sc sed in U S Patent 10 Application
Seri al SXgmPHE/ , BeECOomR IR Ry el4a S. a Fuf SBPOREREr Jif gﬁﬁede?l* ay
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wrong address, or may present” 25 an address that is a duplicate of another
conpon@ﬂ@r@ﬁst he Ast woRrRther dgramdiee addr edss¢usgr@silsl eUwlen Rafeent
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In either a manual or an automated mode, failure is a
possibility. For example, the operator may misjudge the
placement or function of the processor node. In an automatic
mode, the binary cable might become defective, misplugged, or

20 the wrong cable might be used. As another example, the frame
counter circuit might become defective, or the cabling could
become misplugged.

In such a case, the component may have no node address
when on the network, may have a wrong address, or may present

25 an address that is a duplicate of another component on the
network. A duplicate address is possible when one processor
node is at a component which performs a duplicate function as
another component, and misreads the frame number, and employs
the erroneous frame number in the address. Alternatively, the

30 processor node may be swapped from one system to another, and
be at a different location in the new system. Addressing
errors, such as the presence of an unknown component oOr
duplicate on the network, can render all or part of the system
inoperable, and require maintenance actions.

35 Failures of products are becoming less tolerable as

systems and customer expectations move toward a concept of



continuous availability, such as the well known "24x7x365" availability.

As an exanple, automated data storage |ibraries provide a neans for
storing lwogeoquarmiti es of data on data storage 5 nedipaTiEPato3anE3not
permanent|ly nmounted on data storage drives, and that are stored in a
readily avail able formon storage shelves. One or nore robot accessors
retrieve selected data storage nedia from storage shel ves and grovige t hem
to dat §OPSLHMRYE dRYIREEPIPFRal ISHCHats st ed’t d&TQWE: or 46%7FB8PA 10 of
an aut gpatedpdatiaystorage library, once requested, is needed quickly.

Thus, it is desirable that an automated data storage |ibrary be, naintai ned
in an oper afSoR&l Qﬁﬁmﬁlﬁhoﬁq&@m§tQQnﬂ49ﬂﬂﬁE9Qﬁ&ﬁsléﬁﬁﬁﬁkﬁﬁa%rﬁﬁﬁgﬁbﬁe.
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ar e edendant , 5200k L Oy Uit PIRGERA ri(}%gatr Jfabheeandoghblblogave; Lhe
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addr esBeagedt rwdicldy .t o Herst.or bt t bgetherrabllebghagddre smitepd tedkndaba f or
exanpl g sqshe U . No,.5 5.9 : cat.i resses

acr oss Frﬁ?t |gpl e%§g¥ycﬁgu§%&%§%l%%rde?ﬁ. %}Z/'I gg)gergeag{ll%éj?h%%%%%ge@? %nd
does neensfihywushbasageagdynebsasopbesablecated in nore than one cl oud,

but provide o] h i addn I fatLlur neLe ar y
exanpl es ofﬁggﬁgg?%gsq?%é%d reggl g.qggg%ag%%hpﬁg? u§8ﬂg¥2§% h%¥§%?@§6,515,
resb? vebighcoatki copbyat88 shyftangohmrabitessofpapeooésaohar dvwerleirgapt er

to a nexLesfighentd Ay addr£ss. 50358 LGNS hengen! LiEdd NG Addressy,

the host systems through an external interface, and provides a

constantly updated inventory of the locations and content of

the data storage media within the library, and a robot control

20 system which identifies precise locations of the data storage

drives and the storage shelves, and calculates the best

operation of the robot accessor(s) to efficiently transport

data storage media between the wvarious storage shelves and

data storage drives. Many of the components are redundant,

25 allowing a processor node to fail, and still have the overall

system operate, but all are dependent upon a proper network

addressing structure to perform together.

Global addressing is known, for example, as shown by US

Patent No. 5,987,506 for allocating addresses across multiple

30 “clouds” by carefully segmenting the addresses, and does not

allow the same address to be allocated in more than one cloud,
but provides no method of handling addressing failures.

There are many examples of conflicts in addressing. For

example, US Patent No. 5,386,515, resolves a conflict by

35 shifting an address space of a hardware adapter to a next

sequential address space, ignoring the conflicting address



WO 2004/ 003779 PCT/ EP2003/007137 5 space. However, the systemis down and
not operational until the conflict is resolved. |IBM Technical D sclosure
Bul | et i ngwo\fob4/004179 No. 01, January, 1998, pp. 703-705, pcarerea3aoriepl y by

a host in response to duplication of both sender and receiver 5 IP
addresses, so that the duplicate hostSturns off its interface, and posts a

war ni ng nessage, The replying host may . keep using the | P addresses. until
't i's CBRrEct MG yHE AR gL T NECHDS PREL PO (PTIRE TG | ot bst

Wien atRedeonlfQgstons atdsdiBads. onTkie Teehwack IWdilsdieshine BhEldtphdcat e
10 | P addresses anséall may thus gp throqu the reply process. Chéy after
t

the dupP cafe h¥sr PéceleBEatie rd By &Rt /e Ot £9R<es it r$REE, P¥an the

repl yi aghBest S nc @By ecdv dilpl heat 06h gbRabokR addiRSs avMerec SUMARY OF
THE | NVENTI ON 15 I n accordance with the present invention, a distrjbuted
nodal §§st3ABESPRBcessdr sthatichthe ofuRhl GREDNelR et datdr St oP5fe 1¥Brary,

a processerraede ahat pess¥shefara it hrdsaded q@f@tﬁ@ﬁ;ﬁ@@b&& RRQGr am
code, handl e addressing failure for the_nodal system 20 In one
enbodi FBRP, USidi%t FRPutEd arsegsssast BRFL  Ifr okessergeiares meamerklvr e

provi degiudbhgg eithd hgi BEQSESSAT tJOERS T alod€ast WRen PROCESSEr and
at least one interface to the network. At [east one of the processor
nodes, 1e®®nC8et eclty drPDES aCRodEcadtitesrk avi Lt erefefine Mheyr steode

forig hep ngliREkseslChRE dBCknal 2HRQA& o 2HHFESSh BnBOTPRAly addsesssthat is
a wong address, or conEtlses a duplicate address, for exanple, detected
at t heOnpy oeE5s6r thedduphiepfacbosdi sasledyeshdhsr geadsorantdbderintoethe

net wor ke s By lissalddg Ehe W}R&e%gﬁéﬂ?@e Réstd S Rpihialc3% addeasscigom the

network, only the processor node and 1fs conponent are tenporarily failed,
and t hersgseem fRugddeads newneper ati onal . The node address is for

addressing the processor R (d3e Tl Wek/enN4dQy enabl ing the processor
node in the network.
15 In accordance with the present invention, a distributed

nodal system of processors, such as of an automated data
storage library, a processor node of the system, a method, and
computer readable program code, handle addressing failure for
the nodal system.

20 In one embodiment, a distributed nodal system of
processors in a network are provided, wherein the processor
nodes comprise at least one processor and at least one
interface to the network. At least one of the processor
nodes, upon detection of a node address failure of the

25 processor node for the network, such as lack of a node
address, a nominal address that i1is a wrong address, or
comprises a duplicate address, for example, detected at the
processor node interface, disables the processor node from the
network. By disabling the processor node or its nominal

30 address from the network, only the processor node and its
component are temporarily failed, and the system thus remains
operational. The node address is for addressing the processor
node in the network upon enabling the processor node in the
network.

35 In another embodiment, the processor node additionally

comprises a nonvolatile memory, and maintains an alternate



35 In anot her enbodi ment, the processor node additionally conprises a
nonvol atil e nenory, and naintains an alternate WO 2004/ 003779

PCT/ EP20080Q0041®37796 node address of the processor node pcn/Eph@3momnspl atil e
menory. As an exanple, the alternate node address may conprise the node
addr ess of the | ast successful detectbon of node addressing The processor

node, n ectin ode address 5 failure, for exa by detecting a
ront |1 BB A e D e S8R Cnb i 1S PN ETH TS VRS OR - node

addr essas %&} eéﬁtainb)le gn@h% ahﬂit@gntﬁ(ﬂederﬁ@c_ﬂegl raarcli&@sséswjzg ém@&ﬂ@lreﬁé as
its own, selects a node address_that avoids the node address failure
sel ect PRGSt h@MEShat® o’ adirets FHCCfﬁsﬁﬁg n6ﬁ$ﬁ9ﬂ%qﬁarﬁén Hoden a

furtheaderbedi ABNt , ThePHARESGOrNEERAId, NI | det &let BT HeSode N@AAAGEsnode
addr SEa?iHlts own, senses node addr esses of ot her grocessor nodes of the

net g2 cdiffar 8PS s ch¥ e Get 60 1800 sSeRESECh n&F FHcdRebReRodes

15 wi t Bxbig180m B§*| aodenpdti@s o | fadhepreessyy obagde ndakergaaesskhe
exi stence of any conflict between at |east one of the sensed node

addr esS¥5€bP2bt Her Fbckribingiolies dAt™INe M@V NERPAGdEfiraddresne

exi sting copdlikin COMPAIRS aanodge adsi@sss§ aidule akolile peaeessgfenode
for the network, and the 20 processor node is disabled fromthe network.

In a seffrefsr thsrl WihodPiemelestt ingasthews lgetmate prodes seiinesdesinf t he

net yor knar 8osybiget 1L0mkRSeY,, and conprise at |east one processor, at
| east one interface to the “network, and a timer, the timer maintaining an

i ndi cation &P 28 t fWEtBRRcecmhedbreRBssoR rPHRCAASOhecrodeseinlnsahbbve, a

node agdtesmihak! W enomideher ibasd dpadde exi stench Pl aBysecOnhbhst
bet ween at | east one of the sensed node addresses of other processor nodes

wi th t#@IRSAFAEI REde C&BgTres Proregsopr odesies ide .t Arwidssorandde
havi ng- L2 £88f Idifd | BEnB0de RUY €53dre SOHPAIRS & et BB eR A8t & ﬁ@%ne i f

it has the nore recent tinme since a reset. If e processor node has the
nor B reteht the nominal node address. If the processor node

determines the existence of any conflict between at least one
of the sensed node addresses of other processor nodes with the
nominal node address, the existing conflict comprises a node
address failure of the processor node for the network, and the

20 processor node is disabled from the network.

In a still further embodiment, at least two of the
processor nodes of the network are subject to reset, and
comprise at least one processor, at least one interface to the
network, and a timer, the timer maintaining an indication of

25 time since the processor node has been reset. As above, a
node address failure is determined upon the existence of any
conflict between at least one of the sensed node addresses of
other processor nodes with the nominal node address of a
processor node.

30 A processor node having the conflicting node address,
compares the timers, to determine if it has the more recent
time since a reset. If the processor node has the more recent
time, then its nominal address is disabled from the network.

In another embodiment, a wrong node address may be

35 determined by the processor node maintaining designating

information of element(s) associated with the node. In one



time, then its nomnal address is disabled fromthe network. In another
enbodi nent, a wong node address may be 35 determ ned by the processor
node nmai Mveind4®3tesi gnating information of el ement (s) pagEpedm@toett3ni th t he
node. In one WD 2004/ 003779 PCT/ EP2003/007137 7 exanple, data storage
drives coupled to a processor node have unique serial nunbers, and the
processo e ﬁ%ﬁres the serial nunber s designating inforpmation. Wen

r nod
t he noaéamB('«;Fer 8s FHAET AT HERR SUPPLSY, TPt s dHoseTHIHE fralentase

desi gnahliggel nfertali onube ASSO0G AL ed 1R eprdlcessard eedpar €6orébe gresent
designating information to the maintained_ designating infornmation. A
det er nPRELAON THMRLF S a5 e 6P 19NNAPEh +REQTARELCRddr eddorh Fiife B¥P9€ he

procesgetepfiifies r&suhdhigal N riaabladde dshe precesspte80den80MbR&se@ddr ess
from 10 the network. By disabling a processor node having an address

fai | or eSiPBATERE AGERIMEt iGN yof heSEoRiehas FiCHenbdr aciidy FATPRELS and

the syshem rgweddise Opelecatiy@RalingEMPl OFbAda 8oAl t efdiat enenode, Akl B$8g Whi ch
avoi ds the address failure, further 15 prevents any disruption to the
syst enfeandnaysnds aRPrMakdl -at e Ar TR kPR 0P Lt e prdEesSorIhdRle or

conpongateh FOE aafuhbge UREEFSE@NdEid @fet Nor presentyioventdon, ns&s erence
shoul d be made to the follow ng detailed description ™ taken in conjunction
wi th thesutEdnRpan]i AdsaPdiinggshe? PrBREES ODESCRIP THONTER RISV NCS Rl G 1
IS ah LRONBLES-¥ ew of an automated data storage |ibrary which may
inplement a plurality of processor nodes in accordance with the present

i nvention; ByGdizajldiagplacRrafagsarmmode riegpvdsenast issireicsanfapbire

enbodi gpgl Qfhd hge apbLRAL %%ﬂza_t@hétgbﬁm%%nle'h*&r?{% ‘Efeﬁlﬁlogarhy el fyg ng the

pluralit% of processsor node$ in accordance w the present invention;
FIG 3214 #hsl ogksdemgremediisc erpratienat i on ooy irar ahi tal frmrieeessor

nodes QbgE! Caglredld MG dfad fLRY chapledgPi g LNbodifEnis, of the
15 prevents any disruption to the system, and avoids any
immediate repair action for the processor node or component.
For a fuller understanding of the present invention,
reference should be made to the following detailed description
taken in conjunction with the accompanying drawings.
20 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an isometric view of an automated data storage
library which may implement a plurality of processor nodes in
accordance with the present invention;
FIG. 2 is a block diagrammatic representation of an
25 embodiment of the automated data storage library of FIG. 1,
employing the plurality of processsor nodes in accordance with
the present invention;
FIG. 3 1s a Dblock diagrammatic representation of a
plurality of processor nodes of FIG. 2; and
30 FIG. 4 1is a flow chart depicting embodiments of the
method of the present invention for handling addressing
failure for the processor nodes of FIGS. 2 and 3.
DETAILED DESCRIPTION OF THE INVENTION
This invention is described in preferred embodiments in
35 the following description with reference to the Figures, in

which 1like numbers represent the same or similar elements.



met hod of the present invention for handling addressing failure for the
processor nodes of FIGS. 2 and 3. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Thi s i nvewDi2oe/G0377descri bed in preferred enbodi nments i npPC3EP2B/0DTIBY OW Ng
description with reference to the Figures, in which Iike nunbers represent
the same or simlar elements. WD 20048003779 PCT/ EP2003/007137 8 Wile
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The L%'Erarg.i s arranged for. accessing data storage nedia 14 in 10 response
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t he da?a st orage rary may al so conprise an operator panel
23 or othearvsers i arenhged, Sarchaaseasingb-daszd situtreigfeacredivhi A4 aihows a

user~to interact with the. library. The |library 10 nay.c ri se one or nore
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grippiaggone or nore data storage nedia 14, _and nm bar code

i ncl ude a
scannef@5? oFLPEAITNG TSR em3sudifests £#7mare t@ar 8¥P€38€r gp‘é?m’ Far

syst enreg@UAl e G drhev2be Yid PRGEa2Qi tho rdfsastt | denthbyiditd néesnrageon
about the data _storage nedia 14. FIG 2 illustrates an enbodi nent of a
data sPerhge aPFopdr ¢C86 toRs GOPPL \AGaF I IR sEor pFIRRFRRYE BRI pFeessor

15 data storage media between the plurality of storage shelves 16
and the data storage drive(s). The library may also comprise
an operator panel 23 or other user interface, such as a
web-based interface, which allows a user to interact with the
library. The library 10 may comprise one or more frames

20 11-13, each having storage shelves 16 accessible by the robot
accessor 18. The robot accessor 18 comprises a Jgripper
assembly 20 for gripping one or more data storage media 14,
and may include a bar code scanner 22 or reading system, such
as a smart card reader or similar system, mounted on the

25 gripper 20, to ‘“read” identifying information about the data
storage media 14.

FIG. 2 1llustrates an embodiment of a data storage
library 10 of FIG. 1, which employs a plurality of processor
nodes in accordance with the present invention. An example of

30 a data storage library which may implement the present
invention is the IBM 3584 Ultra Scalable Tape Library. The
library comprises a base frame 11, may additionally comprise
one or more extension frames 12, and may comprise a high

availability frame 13.



nodes in accordance with the present invention. An exanple of 30 a data
storage library which may inplenent the present invention is the |BM 3584
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the se d 0 25 accessor_28 may take over. In_the exenplary library,
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dirﬁgtégga ggorage drive.

The extension frame 12 comprises additional storage
shelves, and may comprise additional data storage drives 15.
The high availability frame 13 may also comprise additional
storage shelves and data storage drives 15, and comprises a

20 second robot accessor 28, which includes a gripper assembly 30
and may include a bar code scanner 32 or other reading device,
and an operator panel 280 or other user interface. In the
event of a failure or other unavailability of the robot
accessor 18, or its gripper 20, etc., the second robot

25 accessor 28 may take over.

In the exemplary library, each of the robot accessors 18,
28 moves its gripper in at least two directions, called the
horizontal “X” direction and vertical “Y” direction, to
retrieve and grip, or to deliver and release the data storage

30 media 14 at the storage shelves 16 and to load and unload the
data storage media at the data storage drives 15.

Referring to FIGS. 2 and 3, the 1library 10 receives
commands from one or more host systems 40, 41 or 42. The host
systems, such as host servers, communicate with the 1library

35 directly, e.g., on path 80, through one or more control ports



retrieve and grip, or to deliver and release the data storage 30 nedia 14
at the storage shelves 16 and to | oad and unload the data storage nedia at
t he dat a woaweg®3toi ves 15. Referring to FIGS. 2 and 3, pchra&podsroarig7 10
receives comrands fromone or nore host systenms 40, 41 or 42. The host
systens, such as host servers, comuniOcate with the library 35 directly,
e.g., on path 80, through one_or nore control _ports WO 2004/ 003779
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library is controlled by a distributed control systemreceiving the

| ogi ZaFoweBanRdRdsiderom hitisis, theetrediai pgdrhe rkegli el deciagAasnsantor
convertl gséﬁﬁgaGBEOH?d%QQ to physical noverments of the robot accessor 18,
28. In the exenplary l[ibrary, the distributed control system conprises a
plurality ofhproesemplanvdesibrach hiavi wgnomeldied nbye pr odestoiluted one
exanpl di L but t : o] ' i.on o node 50
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e.g., Cou olin he communrcati on proceSsor "node 50 may

addi ti onal | gnprhel dGexeanpdemuni tlataoy, 20el dikt7Zibluaedcaontrcatsngtamt h t he
dat a storage drives .15, TQ; cognunication progessor ngdg 50 may be | ocated
in t he““fPARESE12 A OEE Y R dRERCSCEPagd MG resTdE™ AGUFT oA yoF in an
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processor nodes are provided, which may 25 conprise, e.g., .a work processor
hode S3VEREE: iy EmTRAEAL OB PrRESFoRG, Ptossr MY Haq 1PRACSSs Houpl od

to f91echeOBAERI Gabhin 1 0CeSREr BRAAN2EaYE8na pheldMde 6 thodeR Gl W01 des
a communication 1link for receiving the host commands, either
directly or through the drives 15, wvia at least one external
interface, e.g., coupled to 1line 80. The communication
processor node 50 may additionally provide a communication

20 link 70 for communicating with the data storage drives 15.

The communication processor node 50 may be located in the
frame 11, close to the data storage drives 15. Additionally,
in an example of a distributed processor system, one or more
additional work processor nodes are provided, which may

25 comprise, e.g., a work processor node 52 that may be located
at the robot accessor 18, and that is coupled to the
communication processor node 50 via a network 60. Each work
processor node may respond to received commands that are
broadcast to the work processor nodes from any communication

30 processor node, and the work processor node may also direct
the operation of the robot accessor, providing move commands.
An XY processor node 55 may be provided and may be located at
an XY system of the robot accessor 18. The XY processor node
55 is coupled to the network 60, and is responsive to the move

35 commands, operating the XY system to position the gripper 20.



processor node may respond to received commands that are broadcast to the
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provi di ng nove commands. An XY processor node 55 may be provided and may
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pr ocgspobceredes. nbie 88nmon bus may conprise a robust wiring network, such

as the coomercially _avail abl.e "CAN' bus system which is a nmultj-drop
network, 102haWehyOxKst SRHREd Sd86esd pro¥BBY 4P wi9 ngl St aRBaYHESdf or

exanpl goups iflgf i fi8d Ry Gifs t BEoCARNLD A QRL | ONPAS S Qd@ldPNbusAMhY$i ch
sel garten 26, D-91058 Erlangen, Germany. Qther simlar bus networks, such
as Et hePRErisgr @ wWobeisésswhetn@r letaipdttem s¥dbh a5 RReorcopreBe 2l lymy be

enpl 0ygdah Nabie 1 Yl aSysSekNOWhild t 1aSe, ofuskil brbd thec@bix, The
processor nodes, e.g., nodes 50, 52, 55 and 59 of FIG 3, may be coupled
to thehpvingrla 6otandardodedanserpreodbaang €iring Heteindardshe ferm

" Net WOLKamfGeapr %%e%ie&"l)‘xeﬁo%%@'%@t 9 @&f‘%r@%d\ﬁf‘rﬂat%rﬁ’%éé&éi&@ﬂ@ﬁ, whi ch

enpl oys node addressing. 20"Referring to FIG 2, e comuni catl on
procesd®r Wedeh50selgaxiripl &bt o DeddW5S Errd agigen . st Geaganyri vesOtsenf t he

base : 1 [ i 70, ]&qp’n%@i j it the grives ' host
syst enéil?lg?a%llbg\r%d%éézﬂ.%%ﬁsér n_Satl vely, E?hépﬂ%‘sénf g}fs{éerr“glf may %%%%@%I y
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conig%qurg Eﬁ‘éhfx_esté nehoshowgy wWhiigh eannaed Lbe librawy Lo.Llbesbpst
systen(s) wth a library
nodes, e.g., nodes 50, 52, 55 and 59 of FIG. 3, may be coupled
to the network 60 at a node interface 126a, b, ¢, d. Herein,
the term “network” comprises any communication means between
processor nodes which employs node addressing.

20 Referring to FIG. 2, the communication processor node 50
is coupled to each of the data storage drives 15 of the base
frame 11, via lines 70, communicating with the drives and with
host systems 40, 41 and 42. Alternatively, the host systems
may be directly coupled to the communication processor node 50

25 at input 80, or to control port devices (not shown) which
connect the library to the host system(s) with a library
interface similar to the drive/library interface. As is known
to those of skill in the art, various communication
arrangements may be employed for communication with the hosts

30 and with the data storage drives. In the example of FIG. 2,
host connections 80 and 81 are SCSI busses. Bus 82 comprises
an example of a Fibre Channel-Arbitrated Loop which is a high
speed serial data interface, allowing transmission over

greater distances than the SCSI bus systems.



interface simlar to the drive/library interface. As is knowmm to those of
skill in the art, various communi cati on arrangenents may be enpl oyed for
comuni cawomo4oBt79t he hosts 30 and with the data stor a®eTdrP2es90718n t he
exanple of FIG 2, host connections 80 and 81 are SCSI busses. Bus 82
conprises an exanple of a Fibre Channel -Arbitrated Loop which is a high

speed serial_ data interface, allomﬁng transm ssion over greater distances
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coupf ethuby iadiexterdilon copied bits £h&, conimantike tiehwardoddsdohoddénot her
connun%ga%ionegroceﬁz I nodg 155, simlar to 10 communi cati on processor
node 50° ofY FI'&*"§, © $18§SI Rated in the extension frame and may

conmmuni cat eaii EktBASESn €rfme 3 mbPWe ROvidRd daf SiHF age dhyrsglS in
extension franme 12, e.g., via lines 170. The conmuni cati on processor node

155 i sbycaupl edtensihe reavmk P52, B¥92at imtwodehentetvensk siARl ar6@o 15
node i prgtfiage 12Gand ifé&?rf]k }ﬂ(}ﬁxf%%&“' C%toéage“ DA Dk imbPSY 152

provi ding a conmmuni catton e comman to he network™ 1527 60 so
t hat0 t bemmanmiraadsoar @roicekedrt mddee Shase FIaTe 3Wrkapr beedsaatwieid2. The

conmunj cati on roces%g%inode 55 may be mopunted in _ 20 the extension frame
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shel ves 16, data storage drives

15 node interface 126a of FIG. 3, the communication processor
node 155 providing a communication link for the commands to
the network 152, 60 so that the commands are linked to the
base frame work processor node 52.

The communication processor node 155 may be mounted in

20 the extension frame 12, closely adjacent to the coupled data
storage drives 15 of the extension frame 12, communicating
with the drives and with the attached host systems. The data
storage drives 15 are also individually coupled to the
communication processor node 155 by means of lines 170.

25 Additional extension frames with identical communication
processor nodes 155, storage shelves 16, data storage drives
15, and extension busses 152, may be provided and each is
coupled to the adjacent extension frame.

Further, the data storage library 10 may additionally

30 comprise another robot accessor 28, for example, in a high
availability frame 13. The robot accessor 28 may comprise a
gripper 30 for accessing the data storage media, and an XY

system 255 for moving the robot accessor. The high

availability frame may be adjacent an extension frame 12, or



15, and extension busses 152, may be provided and each is coupled to the
adj acent extension frame. Further, the data storage library 10 may

addi t i onawlby2002@3Tonpri se anot her robot accessor 28, forcawaui3mp7id3n a hi gh
avai lability frame 13. The robot accessor 28 may conprise a gripper 30 for
accessing the data storage nedia, and3an XY system 255 for noving the
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net wor ) . node i pterface sim. ar to interfac FIG 3.
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processol . gggieni%%@yzsreamﬂfe ldiesurdiOa e 281 Y5b80s88r1 BLElk! 3G such as
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15 interface similar to interface 126a of FIG. 3.

The communication processor node 250 may be mounted
closely adjacent to the coupled data storage drives 15 of the
high availability frame 13, communicating with the drives and
with the attached host systems. The data storage drives 15

20 are also individually coupled to the communication processor
node 250 by means of lines 270, and using an interface such as
RS-422.

Referring to FIG. 2, a computer program implementing the

present invention may be provided at one of the processor

25 nodes, e.g., at work processor 52, or, optionally at processor
50, processor 155, or processor 250, or may be implemented in
a plurality, or all, of the processor nodes.

Another example of a control system comprising a
distributed nodal system of processors comprises an automobile

30 multi-processor network.

Referring to FIG. 3, the processor nodes 50, 52, 55 and

59 comprise a processor 122a, b, ¢, 4, which may comprise any

microprocessor device known in the art. The processor 122a,

b, ¢, d, operates under the control of program code, often



a plurality, or all, of the processor nodes. Another exanple of a control
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aut onobi | wo 280+/0mtMi - processor network. Referring to Fl @CTAEP20(3®0pI30CESSOr
nodes 50, 52, 55 and 59 conprise a processor 122a, b, c, d, which may
conprise any mcroprocessor device Kaown in the art. The processor 122a,
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mai nt agngd, i NsRoR@NVA atidgy1pr oghanmakl e 139eMRY%a124236h, €380. Thene
nonvol atile menory 124a, b, c, d may conprise any nonvol atile nmenory
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comunj cate over the network, the processor nodes, have node addresses. As
di scusS#tPabBueSs ndder e 3RATEL%eSY - such as enpl oyed with CAN busses or

Et hernet nehuOEkSMwaSealst JHIAW did hosgsof makl Ide | Phé hgambt £0n d1ne
exanple of a library, when_a frane is added, the processor 25 nodes added

to t hePhethfr PuagessRre PRAPDdeaddRres POtENFHBHY! GadredsEs SRRAL I gi ven
to the-Hew pRcesseh Mdeghel Farious functions, but which specific

code is only used by the processor of the specific function.
Alternatively, different code images may be provided for each
of the processor nodes, specifically incorporating only code
required by the processor of the specific function.

20 In order to communicate over the network, the processor
nodes, have node addresses. As discussed above, node
addresses, such as employed with CAN busses or Ethernet
networks, as are known to those of skill in the art. In the
example of a library, when a frame is added, the processor

25 nodes added to the network may have no node address, and node
addresses must Dbe given to the new processor nodes. In
addition, when an individual component, processor node, or a
processor at the node, is replaced, either with a new
component, etc., or another component, etc., 1is swapped, the

30 processor node may have no node address, or, may employ its
previous node address from another node position or another
library. Incorrect node addressing may be detected by
comparing saved library or frame unique information, as will
be discussed hereinafter.

35 One way of providing a new node address 1is for an

operator to assign a node address. In one example of a
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dynam @d@5S6520 césf i guebedn ranRedl EPHGP) scesgede o pPoSessbrtemide an
addresgopfscdsonssed;aboys. 03l/lsune des 3 Ay Bidy tyy, Afoeh) £xagple. the
operator may m sjudge the placenent ‘or function of the processor node. In
thel%uggﬁgragonnggg @héaMyﬁﬂgnal generator may provide an automatic

frame count, to determine the number of the frame, such as

“01~, “027, as above. The automatic frame count may be used
with the function address to calculate the node address. As
another example, a server may employ a dynamic host

20 configuration protocol (DHCP) to give a processor node an
address.

As discussed above, failure 1is a possibility. As an
example, the operator may misjudge the placement or function
of the processor node. In the automatic mode, the binary

25 cable might become defective, misplugged, or the wrong cable
might be used. As another example, the frame counter circuit
might become defective, or the cabling could become
misplugged.

In such a case, the component may have no usable node

30 address when on the network, may have a wrong address, or may
present an address that is a duplicate of another component on
the network. A duplicate address 1is possible when one
processor node 1is at a component which performs a duplicate
function as another component, and misreads the frame number,

35 and employs the erroneous frame number in the address.

Alternatively, the processor node may be swapped from one
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the processor node 10 interface, the processor or 't he systen1 (1D
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for addressing the processor in the net upon ‘e t he
pr ocesBsPcAsgderi ma fzomorthe 18eterfs o@@@@egﬂﬁé aﬁelstt@ps 190 noge st ep

201, a,pHPC és‘%rhatnoé'x?oléém%g%s & %é&ifce@@deﬁ 311%6 Gigqez M Sr e gENSES

the networ e.g., hetwork e Interfac an exanple, the
pr ocesE@denoﬁt@irm‘sys be%oﬁ@ﬁedadéreeelswapiﬁ'e@ imaressow t node béni nthefrane

that iscagded {ohnen Bt 1RLk ! pha¥es20, DRERLT eRCLnol ALcpxagpl e, because

t he processor anot h conponent of the no ve been
upgtaded. AShanprexespl begtihe proséspod99cde IpOrHEEMOL f ia MerEessOr
hardmargde, such as processor node 50 of FIGS. 2 and 3, senses the
network, e.g., network 60, at node interface 126a. As an
example, the processor node may be powered up, be swapped into
position, be in a frame that is added to the network, or have

20 been reset, for example, because the processor 122a and/or
another component of the node have been upgraded. As an
example, the processor node contains a firmware or hardware
power-on counter which starts the process of enabling the
processor node. Once certain internal aspects are conducted,

25 the processor node conducts step 201. As an alternative, as
soon as the processor node comes up, a signal is provided on a
non-disruptive basis, to a master node, for example, by means
of a signal on a line, and the master node conducts step 201
for the processor node, e.g., processor node 50.

30 Included in step 201 is a check for a node address for
the processor node, e.g., processor node 50. As discussed
above, an address may be indicated by coding of a cable, by
receipt of a manually generated or automatic indication, etc.,
and used directly or combined with internal information to

35 determine a node address.



power -on counter which starts the process of enabling the processor node.
Once certain internal aspects are conducted, 25 the processor node conducts
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address can Be generate NSt 6 thé processor node 5
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addr es§" éAcO & honVol atfl & anpre rising a
suct®essdnflyckhown address may not be usable in a network, but is

specifically discussed hereinafter. If no usable address can
be generated, in step 205, the processor node 50 attempts to
determine its node address internally. As one example, a
function portion of the address is encoded in the card, and

20 the remaining portion of an address encoded in a nonvolatile
memory, for example, comprising a last successfully known
address. In accordance with the present invention, in step
206, an alternate node address is read from its nonvolatile
memory 1l1l24a, as is discussed in more detail hereinafter with

25 respect to step 220. Alternatively, a predetermined node
address may be provided.

In step 205, a determination is made whether a node
address can be determined internally. If not, there 1is no
nominal node address, and there is a node address failure, as

30 indicated by step 207, and the processor node is disabled from
the network in step 208.

By disabling a processor node having an address failure

from the network, only the component is temporarily failed,

and the system thus remains operational.



address. In accordance with the present invention, in step 206, an
alternate node address is read fromits nonvolatile nenory 124a, as is
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In thi a¥84 GhEREF1¥ntet §5°P2698woul d 1 ead directly to step 208.
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15 the processor node itself, or the system may conduct the
process, for example, by a master node.

In step 207, optionally, a determination is made whether
the nominal node address is likely to be valid or is likely to
be wrong. For example, the nominal node address may be

20 complete, and be in a frame or network 1location with an
apparently correct number, but is in a different location
within the frame and/or perform a different function, or is in
a different library or network.

In accordance with an embodiment of the present

25 invention, a test for a valid node address may comprise
gquerying an assocliated element, or elements, such as nodal
hardware, that has unique identifying information, such as a
serial number that can be accessed by the node, and comparing
it to a copy of the unique identifying information kept in the

30 local nonvolatile memory of the node.

Herein, information identifying, defining, or designating
hardware or other elements associated with a processor node,
is termed “designating information” of associated elements,
etc.

35 Thus, in the example of a 1library with data storage

drives assigned to the frame of the node, the frame is known



within the frame and/or performa different function, or is in a different
library or network. In accordance with an enbodi nent of the present 25
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node itself may contain_designating information, such as a "MAC' address,
or a WStFB- Wi decdaniay be stored in the node nonvolatile memory as
15 designating information, and a voting scheme employed to
determine whether a sufficient comparison is made to
constitute a match.

Alternatively, the node itself may contain designating
information, such as a “MAC” address, or a world-wide name

20 (WWN), or a card serial number associated with the node card,
that is readable through firmware.

If no match is made, step 207 determines that there is a
node address failure, and the process proceeds to step 222 and
the processor node nominal node address 1s disabled from the

25 network at the processor node interface.

If the nominal node address appears valid, the node
addresses of other processor nodes of the network, e.g.,
network 60, 152, 200 of FIG. 2, are sensed in step 212, for
example, through alternate communication means, such as an

30 RS-232 connection, or by network broadcasts. Specifically, a
node may broadcast “I am ‘C2’, is anyone else”, and will
receive a response if there is a conflict. Then, in step 215,
the sensed node addresses of other processor nodes are

compared with the nominal node address. If, in step 216, no

35 conflict is found, the nominal node address will be used as
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222, and the processor nade is disabled fromthe network. In the further
embodi TBFPSCht U%aStSPwE3SH tHeneFBER8sor tnoee? SMTTRETNESY k 18r 2Qbj ect

t 0 1¥sphp1 8REnEOAP! bS&idde address failure is indicated in optional
step 222, and the processor node is disabled from the network.

In the further embodiment, at least two of the processor

nodes of the network are subject to reset, and comprise at
least one processor, at least one interface to the network,

20 and a timer, the timer maintaining an indication of time since
the processor node has been reset. The timer is illustrated
only as a firmware timer of the processor, e.g., pProcessors
122a, b, ¢, 4, respectively, of processor nodes 50, 52, 55 and
59, but may alternatively comprise a hardware timer, as

25 discussed above. The timers may comprise power-up counters,
which are activated or reset at power-up of the processor
node. Thus, the timers provide an indication of the time that

a processor node has been active. The timers may comprise
large value counters that are unlikely to wrap back to a value

30 of zero, or may stop counting once a maximum value is reached,
since the check is likely to be performed close to reset time

of one of the processor nodes. The resolution of the timers

is not wvery important, since they are only intended to
identify a significant difference. Alternatively, the timers

35 may not begin to count at power-on, but instead be reset upon

determining that the processor node has a non-conflicting
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node having thé con ing s nsed €ss & confiict’
exahdl éispyssednsbofea broadcast, etc., as 15 discussed above. Step 221 is

opti onal InSEhStzalnGMA%p%%%%%andeth llkeg&ly reset node 1is likely
to have the more recent time and therefore is also likely to
request information of a conflict. Another node having a
conflicting address is 1likely to have ©been operating

20 successfully, and may only supply the response that it has the
requested address, and does not need to know that there is a
conflict. The responding node, however, may also supply its
timer value as part of the response. Hence, the requesting
node will have both the response from which to determine the

25 existence of an address conflict, and will have the timer
value for a comparison. Alternatively, the response may first
be supplied, and, only after a requesting node determines that
there is a conflict, the node separately requests the timer
value.

30 The processor node and the other processor node having
the conflicting node addresses, as illustrated by step 225, or
the system, in step 227, compare the times of the timers, to
determine, in step 228, the processor node having the more
recent time since a reset. A wide band of time may be

35 considered a tie and not resolve the conflict, in that if two

nodes are reset and come up with conflicting nominal
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15 node address being used by the processor node, will be used as
the node address for the processor node, and the process
proceeds to step 240, as will be discussed.

The processor node having the more recent time as
determined in step 228 may indicate a node address failure in

20 step 222, causing the processor node to be disabled from the
network.

In another embodiment of the present invention, the
processor node, e.g., processor node 50 of FIG. 3,
additionally comprises a nonvolatile memory 124a, and

25 maintains an alternate node address of the processor node in
the nonvolatile memory. As an example, the alternate node
address may comprise the node address of the last successful
detection of node addressing, as will be discussed with
respect to step 220. Alternatively, the system maintains a

30 nonvolatile memory at a known location, for example, at a
master node, such as nonvolatile memory 124c of a master node
55.

Step 222 may be a temporary disabling of the processor
node while the remaining steps are conducted, or,

35 alternatively, step 222 may be omitted, and the remaining



15 node address being used by the processor node, will be used as the node
address for the processor node, and the process proceeds to step 240, as
wi || be dwecussmdr79The processor node having the nore r@cErmpP2003me71a3
determned in step 228 nmay indicate a node address failure in 20 step 222,
causing the processor node to be disd ed fromthe network. In another

node. 50CBPeHFaR S G gl T copr Fode” E B ATt Lireropyodahas and

25 nai ataknspanrosl t aenat @ 1Inbdedadanessedef the processor node in the
nonvol atile nmenory. As an exanple, the alternate node address may_conprise
the node addPESs HPOPhéeltﬁé?ttlél@c@eMﬁ adiestt | ol Birodkondare@8Bl g, as

will bendisesssembgm t By rgspect1H0 &t er 228yt epat] vebnritibe sysbem
mai ntains a 30 nonvol atile menory at a known | ocation, for exarrpl e, at a

mast &r ekauplesuchnas stepy ol24di6i, | etﬂrmnraylmuﬂ mordst eaddioeles 550 Seep 222

may be a.te ry disablin ess node, whi |.e the renai |ng
st eps are cgﬁg&gFe&EW%fY %% §F99rﬁéf g??,ggtep 2 Eenﬁvﬂbéﬁmﬁ?teag and
the resadpensg WeoRPRR45083740 PRIAEE2603LtRA7137s 2&5&@95 eonducbed farst,
and ané ngge address failure_conducte at step_208, as dlsgussed
Thus, GPBAL4EEectUNE &@Sndde SRlrEeins FﬁrétePogzgxamﬂﬁ§ n?ﬂvg}%

di rect h¥magya esullepof2gsconfy i pk. Elﬁ)é sanRXagpl &3 # fbad8P 2H6n tbﬁe
alternate node addreSs in a nonvolatile nmenory is read in step 235. The

al t &9 ne@e’v'ﬁédelledmﬁegsyc@rfpﬁltees 246  addresshe rrslltt@lsnatekequ@ caduvedsa
conf | |1§%y %Léc els_ercltltet erm e\%fel nncs){]lep a%qu: The oI at%afe ne&nrgnof

step 2 may be e safe or er enr ot fan -t nonv menory  of
st ep 28bteandtéehecalet adtht@moﬂe padragied, rra;hé)enddéfelegntbé haal ébeedode

dd f step 206 | ternate nod ded, the nod
may beS¥el it o ” b HEE cRoBt hel e ade bt LPYCRGR e B o S8 oretussed

above.

15 In step 220, the alternate node address of step 235, or
the alternate address that becomes the nominal node address of
step 206, if wvalidated in step 240, discussed hereinafter,
comprises the node address of the last successful detection of
node addressing. For example, when a processor node goes

20 through the process of reset and is found to have a node
address that avoids conflict with any processor node of the
network, that node address is, at least at that point, known
to be a good node address. Therefore, in step 220, the known
good node address is stored in the nonvolatile memory of the

25 processor node.

If the processor node is swapped, etc., the once good
node address may conflict in the new environment. Hence, in
step 237, the sensed node addresses of the other processor
nodes of step 212 are compared to the alternate node address

30 of the nonvolatile memory. Alternatively, steps 212 and 215
may be repeated, or similar steps taken. If, in step 238, the
alternate node address avoids conflict with the sensed node
addresses of the other processor nodes of step 215, and/or
passes a designating information match test of step 207, the

35 alternate node address avoids a node address failure, and the



above. 15 In step 220, the alternate node address of step 235, or the

al ternate address that becones the nom nal node address of step 206, if
val i dat edworoet/@p77240, di scussed herei nafter, conpri se®curiEP2030e713ddr ess
of the | ast successful detection of node addressing. For exanple, when a
processor node goes 20 through the pradcess of reset and is found to have a
node address that avoi s conflict with aQ%{ rocessor node of t net wor k,

t hat na EeLRaFEsdore afddresst o4t MRt PRT Mt kiRwReMPEYhd S $R %c'h%%e

addresss Thes ehede, aAdardLp 820,tHéﬂepf@@é\@soﬁ0%d@qdea@&drt@%s pBoséosed in
t he nonvol atil e menory of the 25 processor node. If the processor node is

smappeHroé?éds tReSbRee28B8od node address may conflict in the new

envi ronment g £ HeNgGyeddl, staepc%ﬁhlwe sepsed node jaddresseg; gt st hegol her
processor nodes of step 212 are compared to the gl térnate node address 30

of t%epﬁ@ﬁeéﬁaru In@Aee DY §SSAL & earat #9@T §ss sttedd uZE2 fond 2he mREwWEEK,
repeatgg SEEE%??O§te§§t§§%§Blehffr noggpnégﬁorkhe al ternat e node

addr ess av0| s co I ct e sense resses of the other
processor nBdeslichbitiey 2Zl5prandssor pasieeshavidesi gnatiddydssf ofamlwosm nat ch
test o e 207 the 5 alternate node address ay 0oi ds _a_nqde

hediie i M ke e A ke el v
addresandf tﬂfee mﬂ@hamdreumnwyerstscm:ebt ed Emslépningode aditessatod t he
processor,_nod and th process rocee eds t step 2 ver
conﬁflc?dgtlﬁﬁdISPSagﬁz I%X|%Y%1£%he 5 p? g??%r 3%8@*B#%se %r%ﬁﬁﬁddress
faiIurpréoentheangtmmskuptabd tbnt&be@y%&&m | sartl satdiets faroMnined et svor K.

By disabling a groce sor,_node haV|n gddress failurE fromthe network,
onl'y t REPEONpOREHON | BT chiGr BFPRSPAT | BACS GhdSPHECEFEEem r emai ns
oper at i onal InEsptpyRag, aanhal bebaétseoion@@@e iaddress athiigh @woisistwdiek

addr ess fallure further_ prevents any disruption to the system and avoi ds
an i melFat &hS epRPRTSBER YN Yr14 hansy o‘%%%s%‘?nf‘l%ﬁ%tb?gcﬁﬁﬂﬁé‘r?e?ﬁ .

15 step 220, that node address 1is stored in the non-volatile
memory as an alternate node address, and the timer may be
reset.

It is possible that the resultant nominal node address or
alternative node address, although apparently wvalid, and

20 non-conflicting, is still incorrect. Hence, the storing
operation of step 220 may additionally occur after a further
verification, for example, a configuration, etc. Thus there
is an added assurance that the address stored in non-volatile
memory as backup is a known “good” node address.

25 In step 220, in addition to storing the now “good” node
address in the nonvolatile memory as an alternate node
address, the timer may be reset at this time, as discussed
above, if the timer is not a power-up timer.

As an alternative, step 240 may be conducted after step

30 220, such that the processor node is enabled in the network
with the non-conflicting node address and step 240 does not
comprise additional verification.

Those of skill in the art will understand that the above
steps may be modified and/or changed in sequence from those

35 shown 1in FIG. 4. Those of skill in the art will also



In step 240, the processor node is enabled in the network wth the
apparently valid and non-conflicting address. In 15 step 220, that node
address iwosbor®d7dn the non-vol atile nmenory as an al t erPeatEP20030e713tdr ess,
and the timer may be reset. It is possible that the resultant nom nal node
address or alternative node address,25al t hough apparently valid, and 20

non-conflicting, is still incorrect. Hence, the storing operation of step
220 reyPARAP Bl o QT (V3 PR heP L oPEREF] ARM BE TOroBXERGPE, a
confi ggpat tABseeticlutbustideia FIssan 1addedhras tHaNCEnd hatvémei aeldagss
stored in non-volatile nenory as backup is a known "good" node address. 25
I n st ebe22oplemebedi ol t rastagidang e haridw Fg6od" 3noden aaibFesRathvehe
nonvol at i n r nat ode. ress, ti be set at
e e A L T e T o
al t e¥ nexampl est eporRdOi sriyg be porandisctiedy af texdest epof30 220, aswitdmelbblet he
proces&gitngdeogg engbke win the network wth the non-conflicting node
addr esS"and %%ep 548" dde 85F' conprise additional verification. Those of
skill in the art will understand that the above steps may be nodified
and/ or changed in sequence fromthose 35 shown in FIG 4. Those of skil
inthe art wll also WO 2004/003779 PCT/ EP2003/ 007137 25 understand t hat
ot her, equivalent elenents nay be substituted for those illustrated in
FIGS. 1-3, and that the invention may be inplenented in accordance with
FIG 3, in alternative environments than that of the library of FIGS 1
and 2, one 5 exanpl e conprising processi ng nodes of an autonobile

mul ti - processor network. WO 2004/ 003779 PCT/ EP2003/ 007137 26 Wile the
preferred enbodi nents of the present invention have been illustrated in
detail, it should be apparent that nodifications and adaptations to those
enbodi nents may occur



to one skilled in the art wi thout departing fromthe scope of 5 the
present invention as set forth in the followwng clains. W claim WO
2004/ 003 W0 2padloEP2003/ 007137 27 CLAIMS 1. A di stri butred/mreasioosngst em of
processors, conprising: a network; and a plurality of processor nodes
conpri sing nodes of said 5 netmork 26ach of said plurality of processor

nodes conpr Iea p essor_and east one |nIerf ce to said
net wor k; Wﬁéggttgﬁe flﬁ? ?ﬁhﬁﬁ%@ﬁ?ﬁsp? céggopﬁﬁﬁﬁ§§ PO tetct i on
of a nndeeadweessliméwaet@i sai detldi Ppr ogesstoulddebé Onppairentet vis K,

di sabl es sgid grocessor Uﬂfde from said network %% ga id at | east one

i nt er fAREIE2CAFHRNY| S0F RATCHORDS s{8t dMBTe pPBRRITBFRCH MEMaj HTIUr

wher ei fosahd atkllle@at e HY aesswitnede: dagdirtingalfkymC@mey issfsHe of
nonﬁglqglle menory, 15 nmintains an_alternate nog ?ddress f.said

pr octssdF pﬁ%ﬁ%nFleK?chﬁHv%Faf?Fe AERBry BREetPs1Q¥iRING4R Radr ess
failure, by attenpting to determne its own node address; and failing to
determ ne any usable node address as its own, 20 selects said alternate
node addr es¥®i fil@%Rd nonvol atile nenory. 3. The distributed nodal system
of processors of Caim1l, wherein said at |east one processor node detects
said node address failure, by sensing said network at said at | east one

25 interface. 4. A distributed nodal system of processors, conprising: a
network; and a plurality of processor nodes conprising nodes of said
networ k, each of said plurality of processor nodes conprising 30 at |east
one processor and at |least one interface to said network;



at | east one of said plurality of processor nodes: determ nes a nom nal
node address as its own; senses node addresses of other processor nodes of
35 sai d neowo4qo3¥V® 2004/ 003779 PCT/ EP2003/ 007137 28 ceapareer3smaiid7 sensed
node addresses of other processor nodes with said nom nal node address;
determ nes exi stence of any conflict Aretween at |east one of said sensed
node addresses of other 5 processor nodes with said nom nal node address,
sai d existing conflict conprising &4 address failure of said processor
node for said network; and upon detection of said node address failure of
said processor node for said network, disables said processor 10 node
nonmi nalt.nodd dddtesbutedmediad sgswenk odt psacesabrsl, easmparisingt:er f ace. 5.
The distributed naodal Sé%;en1of processors of Claim4, wherein said at

| east one p?oc85¥8f node! upon detection of said node address failure of
said 15 precedsoraliade $Dr pgacedsBeirwaiddesaddompoiai hy selkest oA seié

addr gess %hat avoidﬁ.s%%d npde ddrfss failure, said selected node, address
for AdUPEYSTRY SER HoctddrPhdHa i hY s8fd PHASSRRW dtoLeT dCrPT 225P one

i nterface lyxnt edakl i PHosSesdor pPraeeEesadr e | Bnsai ththetfwck. t30 Saidhe

di stributed nodal system of processors of Claim5, wherein said at |east
one prBEEY¥SHF node: additionally conprises a nonvolatile nenory; maintains

an al ternat atnddesaddnhessrokasal g1pratessobs pedeekBoganddeenvol atile
menory; 25 upon said determ pation of a confllgt and detection _of said

node address fai FEPB dfeSSF e PF 0Odsstr GFe POFTEERd fabtWot k OFf LT @ h2r

conpar es sapdoakbebpar® RO A B§Snetwsakd dleawlcat idLi depBsyeybdbh said
sensed node addresses of said other processor nodes; and 30 if said
al ternat e nBAESafdPBsSaddorasvWesht pEtcBawfit Rtsarpgst one interface.

2. The distributed nodal system of processors of Claim 1,
wherein said at least one processor node:
additionally comprises a nonvolatile memory;
15 maintains an alternate node address of said processor
node in said nonvolatile memory;
detects said node address failure, by attempting to
determine its own node address; and
failing to determine any usable node address as its own,
20 selects said alternate node address in said nonvolatile
memory .
3. The distributed nodal system of processors of Claim 1,
wherein said at least one processor node detects said node
address failure, by sensing said network at said at least one
25 interface.
4. A distributed nodal system of processors, comprising:
a network; and
a plurality of processor nodes comprising nodes of said
network, each of said plurality of processor nodes comprising
30 at least one processor and at least one interface to said
network;
at least one of said plurality of processor nodes:
determines a nominal node address as its own;
senses node addresses of other processor nodes of

35 said network;



sensed node addresses of said other processor nodes, selects said node
address that avoids said node address failure, by selecting said alternate
node addrwexoefoo3zwd nonvol atile nmenory. 35 7. A di striPoOEPd003®AAB7 syst em
of processors, conprising: a network; and WO 2004/ 003779 PCT/ EP2003/ 007137
29 a plurality of processor nodes comgrising nodes of said netmork, at

| east two of said plurality of processor nodes subject to %%s and

conprising at | eGSYPBRESpr FédSkorsensed| efodSnP ittt e s& Pt wor k,

and a tinmerprsakdsbtNBbdésRiBhasAiadnadnihAli A88E0AdaletEE Since said
processor node has been reset; (1) at |east one of said plurallty of

processor nodes: CHBFBIRAPResCALPBAAAI PBdeARdreREBEC t PIFESRees node

addresses of egther cpEOCISOrsflessOhsed 0 5888 NEHWREKseGOMRAT eSosad A
sensed node addresses of _other processor nodes wi th said_nom nal node

addr®ss; dePEPRPREST exteiefcevigih aspiconhPrrménadet He€R a2ddYesst ofRldf said

sensed nOdeeﬁggiiﬁﬁ?e%dﬂflq[&er compr PE9RES SO nBade s dMAdL Saird i narenab s node
address, said existing conflict conprising a node address failure in said

net wor k; anda{f| preapasproredsofonodeidanehyoski daednflicti ng sensed node
address: 20 conpargs HE%eEhEBnO fs@éié'ﬁ%ﬁeoédéﬁégspEQ9§§§%roﬂ“&%&&o the

time of said tinmer of said other processor node having said conflicting
sai d sensedPhedesaddr agde tior dutial mpeweonlk, plécabier mede MARIRFIR nore

recgmt ti menogI Sg%?nq.nta'lneﬁédeaggdgéslsf ﬁéﬁdrp 85989 Udede; haggai dore

recent tine, es said processor nom nal e address fromsaid
network at Seadtapneeidntevhecenterface. 8. The dlstrlbuted nodal system of

procesgors @ﬁecbgépfﬁbuted nodal system of processors of Claim 4,
wherein said at least one processor node:
upon detection of said node address failure of said

15 processor node for said network, additionally selects a node
address that avoids said node address failure, said selected
node address for addressing said processor node in said
network at said at least one interface upon enabling said
processor node in said network.

20 6. The distributed nodal system of processors of Claim 5,
wherein said at least one processor node:

additionally comprises a nonvolatile memory;
maintains an alternate node address of said processor
node in said nonvolatile memory;

25 upon said determination of a conflict and detection of
said node address failure of said processor node for said
network, further compares said alternate node address of said
nonvolatile memory with said sensed node addresses of said
other processor nodes; and

30 if said alternate node address avoids conflict with said
sensed node addresses of said other processor nodes, selects
said node address that avoids said node address failure, by
selecting said alternate node address of said nonvolatile
memory.

35 7. A distributed nodal system of processors, comprising:

a network; and



wherein said processor node having said nore recent time: 30 additionally
sel ects a node address that avoids said node address failure, said

sel ect ed wodeosmdrmss for addressing said processor no®eTiEP20YORETd Nnore
recent tinme, in said network, upon enabling said processor node in said
network. 9. The distributed nodal sys®9em of processors of Claim8, 35
wherein said pr.oce sor %ge havi n sald nore recent, timne: addltlonally

conprises a A S e nBF9ce FRAST3 7Y Er9 059667 £E7 a8

mai nt ahegwarkal tf nabasnootﬁﬂ@ddlfe%am $aAetali @SSO privedsior Sabdes
nonvol atjl.e menory; further conpares salid alternate node address of said

nonvol SPPP&Ekerddt yrGFeh  sand RS addrieasds BResHLPCeSShtherat
processensRodes Bitkifasdl o akheunala wade aded ess taweirds Lo | £ ohe th

sald sensed node addresses of said other processor nodes, selects said
node’ aBEFBES1PARE APbi HRAEEREIABE TadBiBS s SHAIGRUr 8218y PXOSIESSOTnRede d

al ternghe peda addeess of said nonvolatile 10 nenory. 10. A processor node
for a distributed nodal system of processors, said systemconprising a

net wor kIang@talprataPneyofopapfopdasal ifdes, PEaresEPscessss node

conprising: at Iaéégrﬁmﬁegnaeﬁéﬁ\&ﬁa&Onéaledaaahé@gkasa%sléwﬁt | east one
processor, said at |east one processor: upon detection of a node address

failure of said SSE§@§S§U¥*ho§@dF@ﬁS§§|d> ePRbEk, i eeseer saodesr oekssor
nodggfrom sghdgngbpprkikat said at least one interface. 11. The processor
node of C ai m 10, addltlonally conprising a 20 nonvolatile nmenory; and
wherein said at Femsarefie pedckssoensedni mogiens addaeseenat @ fnodetheldr ess

of said Pl Opessas 50PIRoLD: 501 6nNODYA! AbhSfa TeABAY: adBLECLY sal d node

address failure y attenpting to termne Its own node address; and 25
upon failing to d@t@rmin@sanﬁxysébn@eno@é aaely essomElict bﬁWWe%@Ievts sai d

alternate ngggseddﬁﬁés b& S%&Qufonygﬁgéalenode addresses of other

15 processor nodes with said nominal node address, said
existing conflict comprising a node address failure in
said network; and

(II) said processor node having said conflicting sensed node
address:

20 compares the time of said timer of said processor
node to the time of said timer of said other processor
node having said conflicting said sensed node address, to
determine the processor node having the more recent time
of said timers; and

25 if said processor node has said more recent time,

disables said processor node nominal node address
from said network at said at least one interface.
8. The distributed nodal system of processors of Claim 7,
wherein said processor node having said more recent time:

30 additionally selects a node address that avoids said node
address failure, said selected node address for addressing
sald processor node having said more recent time, in said
network, upon enabling said processor node in said network.

9. The distributed nodal system of processors of Claim 8,

35 wherein said processor node having said more recent time:

additionally comprises a nonvolatile memory;



menory. 12. The processor node of Claim 10, wherein said at |east one
processor detects said node address failure, by sensing said 30 network at
sai d at |wesboqme7mnt erface. 13. A processor node for apdirgrrod3wbad? nodal
system of processors, said systemconprising a network and a plurality of
processor nodes, said processor node 39onprising: at |least one interface to

said network; .and.35 at | east one processor, _said at_| east, one processor:
det er mi nes F*hBhHFHEF ﬁﬂﬂeaiéﬁ?g§§x%snP§§ dﬂ%ﬁrﬁi?zéﬁhl663?799r°£g550r

PCT/ EPR6A3/ 8A7337d Rdnsemses1Boflemaddr esses of ot her processor nodes of
sai d netmorg; con?ares sai d sensed naode addresses of qther processor nodes
with sai d nbHFhBFE notemBdaressSat g&ldsintdS exPsienegdgesgnyCtonf#1¢t

bet weefioatolhease aendfy Salidnsessed Resgldreaseairaddes ofr osgsgor
node; wi fh said nom nal node address, said existing conflict conprising a

node’ agBPBESPFaFpEFRT oROC8Hi d@Bflocessor node for sai d network; and 10 upon

detection of rsghdanede Additesshdad | 4a8r&s saldiapr eeeaalethegdaH aasqi d
net wor k, di sables said processor node nom nal node address from said

net wor ReBEedan@dgt addrrisenecf nedifackthey. PTRECEFBEe SSIEhodee BICEF ai m

13, wheaedn n3Ried Adar&ast taae LR RHCESSAr ndeON.48Le651 @R 19f, 84l drpode
address failure of said processor node for said network, additionally

sel ect 2A°RbHRI atRft@sPLtRinalRi d9isai addsgesadafessaidi Inervokaiile
sel egt gdmoppde address for addressing said processor node in said 20
network at said at |east one interface upon enabling said processor node
in sai 80net horRroadsssFhe perdeestor nvdedivitiGhited 4 nedal t i snstéeny of

compri 5} 88e8s0P9NV LAY | & JBIPT ¥orBPHs G & hSAiShat sh§aY NG P PEFSSOr:
of processor nodes, said processor node comprising:
at least one interface to said network; and
15 at least one processor, said at least one processor:
upon detection of a node address failure of said
processor node for said network, disables said processor
node from said network at said at least one interface.
11. The processor node of Claim 10, additionally comprising a
20 nonvolatile memory; and wherein said at least one processor:
maintains an alternate node address of said processor
node in said nonvolatile memory;
detects said node address failure, by attempting to
determine its own node address; and
25 upon failing to determine any usable node address as its
own, selects said alternate node address in said nonvolatile
memory.
12. The processor node of Claim 10, wherein said at least one
processor detects said node address failure, by sensing said
30 network at said at least one interface.
13. A processor node for a distributed nodal system of
processors, said system comprising a network and a plurality
of processor nodes, said processor node comprising:
at least one interface to said network; and
35 at least one processor, said at least one processor:

determines a nominal node address as its own;



25 mai ntains an alternate node address of said processor node in said
nonvol atil e nenory; upon said determ nation of a conflict and detection of
sai d nodewaddo£®s7Mai | ure of said processor node for saipdT/EPROMOKI37 T urt her
conpares said alternate node address of said 30 nonvolatile nenory with
sai d sensed node addresses of said iher processor nodes; and if said

al ternate node address avoj ds ﬁgnflict Wi sensed node ddresses of

id
sai d ot her proce§§8Ff<Ro CES§SSSai nB& LR BTt APGISTs Shi d

node addressafid het@orRy 35 selectlng said alternate node address of said
nonvol atile nenory. WO 2004/,003779 PCT/EP2003/007137 32 16. A(grocessor
node for a d|strFBWPéHeﬁodé¥“§¥st%ﬁ?6? prss s ofdd r%%?ﬂssyéﬁ%n1 BAB¥i si ng

a network apdoaeBkdiahblits @ftRr9seasabmigdesnoak heaskskwo of said
plurality of processor nodes subject to _reset, said processor node 5

conp?i si ng one oﬂe§8FﬂlBFﬁra?F%?tﬁﬂcﬁro@Ess%?Ynoﬂ@§f%h%Fec?eF%eeFes%F at

| east one inkgktacend S d NELIOrKendedi MBbdeSaAldidrictRie JTRIAY al HERGran
indication of tine since said processor node has been reset; and 10 at

| east one pPBEESSEPr sAPdeat Widst SoHel pleddssdr : nodet erAPREESa ntifal

node addreséx@%thhé‘%thﬁﬁﬂ§eéoﬂﬁg§séﬁgrQ§Sﬁ%&®:éﬁé%%sQngﬁﬁ%Q% noges of
sai d network; conpares said sensed node addresses of other 15 processor

nodes with Said BsArREFoRodedaddpsssaiddeesvarkesasdi stence of any conflict

bet ygen at | east ,gpg akt%@kéoﬁeQﬁﬁquﬂﬁﬂenéééfSé&?ésgfE@ETﬁieFHE“§§§@V
nodes with said nom nal node address, said existing conflict conprising a

node addr esBrPappepPE m@dGZ¢Q§u%ﬁh@tﬂ@Fwerbnddéoﬁbéﬁésaﬁwﬂtwﬁﬁ?QﬁS%ald
timer of sajgdqproRRss1 AOEe LAgLREs! | fBPRf s82hd ddiRIriof asaisd igf her

processor _
least one interface.

14. The processor node of Claim 13, wherein said at least one
15 processor:
upon detection of said node address failure of said
processor node for said network, additionally selects a node
address that avoids said node address failure, said selected
node address for addressing said processor node in said
20 network at said at least one interface upon enabling said
processor node in said network.
15. The processor node of Claim 14, additionally comprising a
nonvolatile memory; and
wherein said at least one processor:
25 maintains an alternate node address of said processor
node in said nonvolatile memory;
upon said determination of a conflict and detection of
said node address failure of said processor node for said
network, further compares said alternate node address of said
30 nonvolatile memory with said sensed node addresses of said
other processor nodes; and
if said alternate node address avoids conflict with said
sensed node addresses of said other processor nodes, selects
said node address that avoids said node address failure, by
35 selecting said alternate node address of said nonvolatile

memory.



node having said conflicting said sensed node address, to determne the
processor node having the nore recent tine 25 of said tinmers; and if said
pr ocessorwpadey/tarsosai d nore recent tinme, disables sai ecprEre@s®0T13N0OdE
nom nal node address from said network at said at | east one interface. 17.
The processor node of Claim 16, wheredn said at | east one 30 processor,
upon sald processor node having said nore recent _time: additionally

sel ect 463 nédep588?§§§rth59d§voﬁ8§ sai q9heBEiPabafesBofial| ypEStem; gof

sel ect gdopadecaddr ess d %y@ggrﬁeé%lnﬁgls§ﬁbd P OEETSLK Bode Hayingasatg nore
recent tine, in said 35 hetwork, upon enabling said processor node in said
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at | east one processor maintains an alternate no ress of said
procesSempragénpnosgi @f Haichwdivmallid ywerforszocars epordes dsppdeessbp node
havi ng,sai.d.more recent time, further conpares said alternate node address
of said nonvolatile nenory with said sensed node addresses of said other
processor néflesecaghdone ﬁﬁtgaﬁdcalt@rﬁaﬂé n@@@oa&dress avoids conflict with

said sensed ddr, es ai fPegsso odes el get aid
node address t t]gv0|§§%SaF n%de% ess ?ﬁre{n{} %ct?ﬁgﬁéggd
aIterna@eCﬁoéélddnressssbrsabdenbnﬁobaEnleeSﬁEWDayd 15 19 An aut omat ed

dat go St or agg, ';LQEQEyonS,OQP%EEEESFéZSEEHV aki h1¥.0t hr g%gc%'é%' gs for

storing data storage one ‘data storag rive for reading
and/or witing datarmﬁnhsrespeminaé saild ddﬂaesSoaagetse@Ma 20 at | east

one robot accessgL,Lol L SPALLNYS8A b Habinest A JEGEA REeepe sal d

plurality of storage sh ves
said network;

compares said sensed node addresses of other
15 processor nodes with said nominal node address;
determines existence of any conflict between at
least one of said sensed node addresses of other
processor nodes with said nominal node address, said
existing conflict comprising a node address failure in
20 said network; and
compares the time of said timer of said processor
node to the time of said timer of said other processor
node having said conflicting said sensed node address, to
determine the processor node having the more recent time
25 of said timers; and
if said processor node has said more recent time,
disables said processor node nominal node address from
said network at said at least one interface.
17. The processor node of Claim 16, wherein said at least one
30 processor, upon said processor node having said more recent
time:
additionally selects a node address that avoids said node
address failure, said selected node address for addressing
said processor node having said more recent time, in said

35 network, upon enabling said processor node in said network.



said at | east one data storage drive; a network; and a plurality of
processor nodes for operating said 25 autonated data storage library, said
pl ural i t ywof20pr@msE™®sor nodes conprising nodes of said memmméns/oeash of
said plurality of processor nodes conprising at |east one processor and at
| east one interface to said network; 38 |east one of said plurality of
processaor nodes: 30 upon detectlon of a node address failure of said

procesdBr noHE PEPCESEATNECRS I0f §ledm s s AL P bbby Comel 7% gai d

net wor Kol osatdiat mkeast ;0nag nterface. 20. The automated data storage
library of Claim 19, whérein said at |east one processor node: 35
addi ti onal | yhesapR seig noavol deapsE MR Y pwzgaaroomgltalns an
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node in said nonvol atile nmenory; tects sal address failure
at t efpiPRYoLatidet aenpaw i e8down node address; and 5 upon failing to

det er i e agyousales ngdecaddiess, e | h5v108n.c 58] egbsesaid ald ecngte. node

s
address in salg nonvol at | nmenor automat ed data storage [ibrary
of d afwriberwheraignresi dsatdl eaﬁs,lt@rreat}ﬁ ocassler naddrees ectod sap@didode

addresﬁon&@&%@&%&%e&? ngegﬁg%g Ll § neh dg Abadal L BLOLESS O, £158id

interface n auto ta's orage rary, conprising plurality
of st opbhershebvessbor netiesi ngndat a storage nedla 15 at Ieast one dat a

stojgge driye fgx id & .er]:%aat_%d/rgcg e 441095 ?b%i st E‘fi[&%ctt WpaLd; data
a or

st orage nedi a; east one ro accessor rranspor sai d a%a
storageengddanbdamnﬁﬂﬁﬁs$b$lufaha@d(ﬁthﬁnragecshebve$aﬁa$ sa¢bteats| east

one daggiét9ﬁ> e g&&XSSSZQH%H“%#g)&E gggd node address failure, by

selecting sald alternate node address of said nonvolatile
memory.

15 19. An automated data storage library, comprising:

a plurality of storage shelves for storing data storage
media;

at least one data storage drive for reading and/or
writing data with respect to said data storage media;

20 at least one robot accessor for transporting said data
storage media between said plurality of storage shelves and
said at least one data storage drive;

a network; and
a plurality of processor nodes for operating said

25 automated data storage library, said plurality of processor
nodes comprising nodes of said network, each of said plurality
of processor nodes comprising at least one processor and at
least one interface to said network;

at least one of said plurality of processor nodes:

30 upon detection of a node address failure of said
processor node for said network, disables said processor
node from said network at said at least one interface.

20. The automated data storage library of Claim 19, wherein
said at least one processor node:

35 additionally comprises a nonvolatile memory;



a plurality of processor nodes for operating said autonmated data storage
library, said plurality of processor nodes conprising nodes of said

net wor k, wachoqdo3zai d plurality of processor nodes conpoTgimg3an7i3east one
processor and at 25 least one interface to said network; at |east one of
said plurality of processor nodes: ddterm nes a nom nal node address as

its own; senses, node addresses of other, processor nqdes of. said network;
30 conparesmgépaaégﬁséﬁnn@é&eéﬁﬁ?ﬁksﬁgdSP %»$%§Sspf§€e§§bg MOoRSEWr ¢h sai d

nonm nahofiedénagdi @8saondetl et il sesersrgt ence of any conflict between at
| east one of said sensed node addresses of oiher ﬁégcessor nodes with said

nom nal nod8chAAFEssSaldi P8 exFIETFgS cob* e conp¥i TP HAE alldr ess

fail ur@geobrmsnkdi psosfasabdaodaatesssakgdanet work; and WO 2004/ 003779
PCT/ EP2003/ 007137 .35 upon detection of said node address failure of said
processor nbEenf dpiddng &y teTinARY Y8RBLBr BEESsGAATRSFe FOm PRI node
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automat ed data storage library of Claim22, wherein said at |east one

proces8eP°hbde: upon detection of said node address failure of said

procesgpr nPde LRk Rt NINY K 88dhti aNg)lay-Sel £CEsadmnNqde Redress t hat
avoi ds said node address failure, sard selectéd 10 node address for
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processotenbalee. 15 additionally conprises a nonvolatile nmenory; maintains
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menor y*< upons i t afdPoet&e?i on of
a plurality of storage shelves for storing data storage
media;
15 at least one data storage drive for reading and/or
writing data with respect to said data storage media;
at least one robot accessor for transporting said data
storage media between said plurality of storage shelves and
said at least one data storage drive;
20 a network; and
a plurality of processor nodes for operating said
automated data storage library, said plurality of processor
nodes comprising nodes of said network, each of said plurality
of processor nodes comprising at least one processor and at
25 least one interface to said network;
at least one of said plurality of processor nodes:
determines a nominal node address as its own;
senses node addresses of other processor nodes of
said network;
30 compares sald sensed node addresses of other
processor nodes with said nominal node address;
determines existence of any conflict between at
least one of said sensed node addresses of other
processor nodes with said nominal node address, said
35 existing conflict comprising a node address failure of

said processor node for said network; and



said node address failure of said processor node for said 20 network,
further conpares said alternate node address of said nonvolatile nenory
wi t h sai dweeneg@3Tmde addresses of said other processorcommreais/oand7if said
alternate node address avoids conflict with said sensed node addresses of
sai d other processor nodes, selects 335 said node address that avoids said
node address failure, by selecting sajd altern%Fe node address of said

nonvol atile menBPYR SStestiom Sariftdabadst 6AFE&SE haryrr < dpridiflg: a
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one data storage drive for reading and/or witing data with respect to
sai d data sPBfSg&IREdiaL %‘t’d?eésdﬂgr@ﬁé rboR gedes tURK t REnSFHY i R sai d
data storageaBedbacbehweenssaid plurality of storage shelves and 35 said
at |east one data storage drive; a network; and WO 2004/ 003779 )
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autonpgggddggalégg?agﬁelbpggégsﬁ§aggdPLurality of processor nodes

conprising nodes of said networ east two of said plurality of
processor nodes sdgfection reketsaighd nogiepr iksidngss afaliease opé psatdssor,
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mai nt al ning an |n§1cat|on 0 time since said processor node has %een
reset; afdyeas Ithadt oneidd said plogealaddreds pfecésser rmedes:sebeteedi nes a
nomgal, .gade &89é§§5 83y t§§8¥3@'s%19 Seses ”gP&QQSSFSSSS%Qf %(Ejheéaid
processor no%es 0 sard ne morﬁ, c%npares sal d sensed nodée addresses of
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of anypgggggggg gﬁogggﬂm?%ﬁdlgeggg§kuone of said sensed node addresses of

ot her “processor sard nom nal node address, said
24. The automated data storage library of Claim 23, wherein

said at least one processor node:
15 additionally comprises a nonvolatile memory;
maintains an alternate node address of said processor
node in said nonvolatile memory;
upon said determination of a conflict and detection of
said node address failure of said processor node for said
20 network, further compares said alternate node address of said
nonvolatile memory with said sensed node addresses of said
other processor nodes; and
if said alternate node address avoids conflict with said
sensed node addresses of said other processor nodes, selects
25 said node address that avoids said node address failure, by
selecting said alternate node address of said nonvolatile
memory.
25. An automated data storage library, comprising:
a plurality of storage shelves for storing data storage
30 media;
at least one data storage drive for reading and/or
writing data with respect to said data storage media;
at least one robot accessor for transporting said data
storage media between said plurality of storage shelves and
35 said at least one data storage drive;

a network; and



exi sting conflict conprising a node address failure in said network; and
(I'l) said processor node having said conflicting sensed node 20 address:
conpar es wioeoodom7of said timer of said processor node pca/epheostoons7 of said
timer of said other processor node having said conflicting said sensed
node address, to determ ne the procegsor node having the nore recent tine
25 of said tiners; and if said processor node has said nore recent tine,

di sabl es safd PrycEddsy nSfe RIRIRFSHodenadases$Orf r IR 1Rt vif kd at
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Claim 25, wherein 30 said processor node having said nore recent tjne:
addi t | BRARFY COBPEAEINY MRReaodif es31ehaetapsikds ai deastle tvaddfess23 @i | ure,

sai d sgigphedrpode YLSSOMAKY esshidet Sabd rRiREesIHa NOsRoPaYiRg said
nore_recent time, in said network, upon enabling said Processor node in
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PCT/EP2003/007137 37 additionally conprises a nonvolatile nenory,
mai nt af Hee aplareespaternodesadur eedeohasabgeprveessor node in said

nonvol g1 | 8eMRURLY: ohil bECLaeaTpRLes 8 dof bepRabEopofisaaddress of sald S

nonvol ati1 |l e nenor mnth sal ;ed no esses of sai ot her processor
nodes:; and if safldtermenaate nodenaddrede addirdsscaaflitetownth said sensed
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that avoi ds sai d node a ure, ng sald alternate node
address of said nehvorktile nenory. 28. A nethod for handling addressing

a0t ge TPl A OTRLAGLR geskor Ml inar, 30 agprated,
processor nodes with said nominal node address;
determines existence of any conflict between at
15 least one of said sensed node addresses of other
processor nodes with said nominal node address, said
existing conflict comprising a node address failure in
said network; and
(IT) said processor node having said conflicting sensed node
20 address:
compares the time of said timer of said processor
node to the time of said timer of said other processor
node having said conflicting said sensed node address, to
determine the processor node having the more recent time
25 of said timers; and
if said processor node has said more recent time,
disables said processor node nominal node address
from said network at said at least one interface.
26. The automated data storage library of Claim 25, wherein
30 said processor node having said more recent time:
additionally selects a node address that avoids said node
address failure, said selected node address for addressing
said processor node having said more recent time, 1in said
network, upon enabling said processor node in said network.

35 27. The automated data storage library of Claim 26, wherein

said processor node having said more recent time:



15 storage library conprising a plurality of storage shelves for storing
data storage nedia; at |east one data storage drive for reading and/or
witing dwbDaow/dB7mwespect to said data storage nedi a; @CTIRPa@I3/00T87 r obot
accessor for transporting said data storage nedia between said plurality
of storage 20 shelves and said at | eat one data storage drive; a network;
and a plurality, of gégcessor nodes for opiratang said automated data
storage |i bPEFyF18BRYLY GPRPIL-F St 2pPoPESLart LRoBEM & ripri si ng nodes of

sai d networ kaigaahnef sai dlddrralid ynodk PAAEESSOr JodesiconproSésgoat

| east ong pr.ocessar and at 25 least one interface to said network; said

met hodR@6fprisPRgY PRBVELEHS 16f MEFRE¥éting a node address failure of one of

sai d plural ifbytnel proggsses nesles fortsaidtenudK; aaredronodet egiang
sai d_node agdress failure, disabling said 30 processor node having, said
node’ aBAPESL AL AlPurEI M ¥aitd  FRtdorensedkaradst 3EeSHMe Pht eFfhBe. 29.

The nmethadropbrElakib28nowbarepngsai d at | east one processor node
additionally conprises a nonvolatile_nmenory; said nmethod addjtionally

conpri si ng the Seigpidrerna-eranodai aAfAgean aveefsatconidde tadirtdsssadtdsai d

ProcesgehseROMRdd) £ fbonyobat idf TeiDhyy ¥Eo208460030Hs, selects.
PCT/ EP2003/ 007137 38 detecting said node address failure, by attenpting to

det er nfAéda RSt addFess ftHatsawifvcedddr naste,; addgeaporfaidiutieng by

det 0 MsBEeBRYnYSabL £ NOUE AHU €SS e SRl REOCE$S0LaNQdEnoBeb LI N Sai d
alternate node address in 5 said nonvolatile nenory for said processor

node h&¥"AgYsaid node address failure. 30. The nethod of C aim 28, wherein
sai d spgp of dekechl M %?Ar&jdlrﬁ.‘}gge Q&&‘f@iéiﬁé“ EYE @y GORRI 'as%fleoﬁgdﬂi géf' east

one processor node sensing said network at” said processor
i nt er f aneaudtmapedethod Booraged|liiiyaaddr essich@ytainatred olata neteoageof an
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15 storage library comprising a plurality of storage shelves for
storing data storage media; at least one data storage drive
for reading and/or writing data with respect to said data
storage media; at least one robot accessor for transporting
said data storage media between said plurality of storage

20 shelves and said at least one data storage drive; a network;
and a plurality of processor nodes for operating said
automated data storage library, said plurality of processor
nodes comprising nodes of said network, each of said plurality
of processor nodes comprising at least one processor and at

25 least one interface to said network; said method comprising
the steps of:

detecting a node address failure of one of said plurality
of processor nodes for said network; and
upon detecting said node address failure, disabling said

30 processor node having said node address failure from said
network at said at least one interface.

29. The method of Claim 28, wherein said at least one
processor node additionally comprises a nonvolatile memory;
said method additionally comprising the steps of:

35 maintaining an alternate node address of said processor

node in said nonvolatile memory;



library for accessing data storage nedia, said automated data storage
library conprising a plurality of storage shelves for 15 storing data
st or age nwoizag4/@B7Meast one data storage drive for readcmgraod/ooTi3witing
data with respect to said data storage nedia; at |east one robot accessor
for transporting said data storage 8dia between said plurality of storage

shel ves and_said_at |east_one data.storage.drjve; a.net k; 20 and_a
plurality o‘f:ieg?SEéEgors %e?qd%r 8%@?3??ngfasjajr‘ﬂréautbé’na\é\ggegggéngt oFQge

| i brargeteaniingl ar abitya@lrpeeCcess0saiofescesppri abag; natéds of said
networ k, each of said plurali of, processor nodes copprising at | east one
processor alg°at Earle]a]srfg olt& i‘fi%e?? t 6™ai ‘dsﬁggﬁoﬂ{?é@gaﬁ dﬁglsﬁod or
conpri sahg p2bckBeost epBOf (sslRiE i s ALEkRAktROGRRIUERESeS oh | east
one pof sgid plurality ofﬁlgrocessor nodes; sensing node addresses of _other

pr ocesEdt InGEY e tddisy MEBEWSr KOr30° REPRGSSSTd RPeedV3H8 Rftesses

of ot hgpdpregessss rRAVUEseW th said nom nal node address; determ ning
exi stence of any conflict between at |east one of said sensed node

addr es3®s ofhet FethedoceSsbrladBdedd . WhATSand Sfd naFeRodd ARFSsingai d

exi stigg; gonhbiet 3agraapr | %Eﬂguée”Od%oﬁ§9}ri%%% Faldiy e of sglghProgessor

node for said network; and WD 2004/003779 PCT/ EP2003/ 007137 39 upon

det ect PHACSFSRAI alesgndiags said unetypPriai dt mavickspopcrsderf drodai d
nety@rgmtgﬁggfjéi,ng sai d processor node nom nal node address having said
node address failure from said network at said at |east one interface. 5
32. Th3lpnethodethodl diom 3ndlddia | atddessicunpfasinget hé st eyptwsirk upbn

oot ectiny Sl BRLa e i ptpel LU, A0 NGRS (Alagel O
sai d skllecaey Aode aadesesingl B sidurassi mgdsai d spridc essamatede dmva ng
sai d ngggrgggrfﬁgrary comprigsing a plurality of storage shelves for
15 storing data storage media; at least one data storage drive
for reading and/or writing data with respect to said data
storage media; at least one robot accessor for transporting
said data storage media between said plurality of storage
shelves and said at least one data storage drive; a network;
20 and a plurality of processor nodes for operating said
automated data storage library, said plurality of processor
nodes comprising nodes of said network, each of said plurality
of processor nodes comprising at least one processor and at
least one interface to said network; said method comprising
25 the steps of:
determining a nominal node address of at least one of
said plurality of processor nodes;
sensing node addresses of other processor nodes of said
network;
30 comparing said sensed node addresses of other processor
nodes with said nominal node address;
determining existence of any conflict between at least
one of said sensed node addresses of other processor nodes
with said nominal node address, said existing conflict

35 comprising a node address failure of said processor node for

said network; and



failure, in said network, upon enabling said processor node'in said
network. 33. The nethod of Claim 32, wherein said at | east one processor
node addiwomoed/dog7@onpri ses a nonvol atile nenory; 15 sacad/Ereodsmd7137
additionally conprising the steps of: nmaintaining an alternate node address
of said at |east one processor node 39n said nonvol atile nenory; upon said
determ nati on of g%conflict and detection of _ said n%de addres§ failure of

said at | ea¥PBneproceteWr Podeax S aPAIEESCTor k21t HFeheP T codati ng

sai d aptersaternaddecaddiressidl netwdrkn\d@lsidl g dreimiy phddesedel seased
node addreszes of sai.d ot her grpcesson nodeéé and if said. alternate node
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addr esB°RVBf | PEETRSER BAV RS efddd nBadcadfiEess foilyLed b aRr

procesgglidnadesorkehecthng sai dengdeoaddigssr2ackhat avoi ds sai d node
address failure, b% sel ecting said alternate_node address of said

nonvol 38 | eThenBreFhods ofa GeoBt or 2AdAEEPRGLAYdCOTPIis ing Ithe dFeR
networksof an automated data storage library, said automated data storage
library for accessing data storage nedia, said automated data 30 storage
library conpPPBi négckeptivnl ief cfaist ongge shddvessf ofaisuoeri ngfda$aidt or age
medi a; pAbobEast ABAcURLE ShOLAGSHIKE. dedlediaaf N0 AR Yadrddd ngndat 2
with respect to sard data storage nedi a; attleast one robot accessor for
transpaveidg sedidd e sddrage fedilariest veeid sagdepradanade cddéresage 35

shelye n i e o] rive: r
ol i Fo8" G dseing PATLa (REACRACY MARE Havifio onh o, oRtr dee
PCT/ EPR@D31067137 saddavetmeréd dppra shebdded isedal \pramstqt urede t in of
processos 5 gggggrﬁpnprising nodes of said network, at |east two of said
plural ity of processor nodes subject to reset, and conprising at |east one
proces3dr, Thel emgthode oht eCiate t3I2saiwvhérast woskidarmc a leasr, caed

timer pmintainin %ﬂein [N piog f tinprsince said pr cessar node has been
Fesel {PEATOERRE N O oRUFT SLRGSERY STEHR DTS ah ePRPIPAGEA ROMT LT hode
addtessabdl me¢thedsadabeiohally comprising the steps of:
maintaining an alternate node address of said at least
one processor node in said nonvolatile memory;
upon said determination of a conflict and detection of
said node address failure of said at least one processor node
20 for said network, further comparing said alternate node
address of said nonvolatile memory with said sensed node
addresses of said other processor nodes; and if said alternate
node address avoids conflict with said sensed node addresses
of said other processor nodes, selecting said node address
25 that avoids said node address failure, by selecting said
alternate node address of said nonvolatile memory.
34. A method for handling addressing failure of a network of
an automated data storage library, said automated data storage
library for accessing data storage media, said automated data
30 storage library comprising a plurality of storage shelves for
storing data storage media; at least one data storage drive
for reading and/or writing data with respect to said data
storage media; at least one robot accessor for transporting
said data storage media between said plurality of storage
35 shelves and said at least one data storage drive; a network;

and a plurality of processor nodes for operating said



said plurality of processor nodes; 10 sensing node addresses of other
processor nodes of said network; conparing said sensed node addresses of
ot her pr oweseroo3Tedes with said nom nal node address ofrcyaipdocatoofidast one
processor node; 15 determ ning existence of any conflict between at | east
one of said sensed node addresses of 46t her processor nodes wth said

nom nal pode,  address of said at. |.east one processor.. node, said existing
cont I 1 S CCBRBFRSIHF % AbABERArENE 1811 uPe o) PS4 HEX woifk; DHOPEoRPRr | ng
the tifedet samdriiisAely afoddd dopr egaeasaetieddk, hayi Dgasai dwdormasan@de
address_to &he tine of said tiner of said other procezﬁgi node havi ng said
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in said network, on enabling 35 said processor node in said network. WO

. u
2004/ o%@##gpmtpgwoeﬁonvqsessa{ ngdeshe net hod of C aim 35, wherein said

aut porat ed dabAsisgonage |dPiAddSddbEi erakhy SBEises AoRaBVmatdd £
menory; and wherein said nethod additionally conprising the steps of:
mai nt atAF@rEn al ternate node address in said nonvolatile 5 menory;

further conpaphRgisg dadld efdid & NRE8adHBE: s S8k d othRAV YA ddEs NIy
for said processor node having said nore
nodes with said nominal node address of said at 1least one
processor node;

15 determining existence of any conflict between at least
one of said sensed node addresses of other processor nodes
with said nominal node address of said at least one processor
node, said existing conflict comprising a node address failure
in said network;

20 comparing the time of said timer of said processor node
having said nominal node address to the time of said timer of
said other processor node having said conflicting said sensed
node address, to determine the processor node having the more
recent time of said timers; and

25 if said processor node having said nominal node address
has said more recent time, disabling said processor node
nominal node address from said network at said at least one
interface.

35. The method of Claim 34, additionally comprising the step

30 of:

selecting a node address for said processor node having
said more recent time, that avoids said node address failure,
said selected node address for addressing said processor node
having said more recent time, in said network, upon enabling

35 said processor node in said network.



recent time with said sensed node addresses of said other processor nodes;
and 10 if said alternate node address avoids conflict with said sensed
node addreesmes@B7m™ai d ot her processor nodes, sel ecti ngPpcgairdorsemde3addr ess
that avoi ds said node address failure, by selecting said alternate node
address of said nonvolatile nenory. 455 37. A conputer program product of a
conput er_ readabl e nedi.um usable with a programuabl.e conputer, said

conput 88 -pr 8§fani*epP8ducP f havt i ctput drer&idabiseify ograRTE58E efBEEI ed

therei Btofagehandhing, addressbnd11g |ddndof s Ngdaloditamid mBh8egSSors,
sai d nodal System conprising a network; ‘and a 20 plurality of proceSsor

nodes E8FpFISTRGTNEadS Btiadd adeihdrral lyachmprisdng sher Atepp of :
processor nﬂQ%_tgthbS'aEl_g aeltt_ég%%%te R REESSOT12Ndh 88 h6RSH19P81e

interface to said networ sal conput er program product conpri sing:
conpdit BEMpE¥dabl e program code which causes said at | east 25 one processor

of at | east anenol SALALPELEESINYid1009e b dehsEL S s addessatgll UTe
of said processor node Tor sai net wor K; and conput er readabl e program
code whppHodatisds genbry [feastsaighepproeessvr rofdesahdvpnocessict mode, to,

upon d%g‘éhizngt Ld ;39 F‘gg%‘dadsdér?fédf?ﬁo!dér eagﬁkéé?ég Sd?iihd s%&%ce§§8ér”°de
from sal network at said af |east one interface. : e conput ér program
pr oducprofeckaikrm@@eswhendi n said processor node additionally conprises a

nonygl atil e; genmr.y; er ej aj uter . RrLogr el rcocdqgltt}?d I E(iional |y

35 conpri ses: {:7% ?O(?&atg%g%é %%Pégggggg7%§? X2 corrpﬁl er reada%%\e

pr ogr agesedd wnhideh addrsssesaicd aa il asthewner grexsss anodés saselerotrgsor

node tQ?Hﬁi R A Q@dééégr.“tg}a% 20 fdé"‘d%égés HasakdqpLagesson jode Eg said

nonvol ati e nenory; Sai d conputer™ r eadabl e program code i Ch ‘calses

sai d aselbenshgonsapdocebsarnafe saidier edéssss node taidetechvesbhadihede
memory .

15 37. A computer program product of a computer readable medium
usable with a programmable computer, said computer program
product having computer readable program code embodied therein
for handling addressing failure of a nodal system of
processors, said nodal system comprising a network; and a

20 plurality of processor nodes comprising nodes of said network,
each of said plurality of processor nodes comprising at least
one processor and at least one interface to said network; said
computer program product comprising:

computer readable program code which causes said at least

25 one processor of at least one of said processor nodes, to
detect a node address failure of said processor node for said
network; and

computer readable program code which causes said at least
one processor of said processor node, to, upon detecting said

30 node address failure, disable said processor node from said
network at said at least one interface.

38. The computer program product of Claim 37, wherein said
processor node additionally comprises a nonvolatile memory;
and wherein said computer program product additionally

35 comprises:



address failure, conprises causing said at | east one processor of said
processor node to attenpt to determne its own node address; and 10 said
conput er weadadxlog77pr ogr am code whi ch causes said at | eastt/ERre@3poTdessor of
sai d processor node to, upon failing to determ ne any usabl e node address
as its own, to select said alternateinode address in said nonvolatile

menory. 39. The conputer. program product. of C aim 37, wherein sajd 15
conmput er reS88BRESEHr SSF‘QﬁE’&&d@r e ccz%a?eé”l'geﬁ% BUFasTAthe?t pt6R8Esor of

sai d ppaeepIRceRede Iof deiptt pBatdspedenaddr €S mdididdie, a OAPE &8RS EAUSI NY
said at | east _.one processor of said processor npde to, sense sajd network
at sai BOS?OCQQ@S?Sﬁod@f i AR&Ff aBEOCOBS2D. ROEBnphter SPEBgr AP batttcof a
conput gembegdabl e nedi um usable with a programmuabl e conputer, said

conput er program product having conputer readabl e program code enbodi ed
ther?in foFaHQn&IOF“ﬁ’gltéd“drr&%‘iaﬂi%L? TR ERBT CAdRoWRILCEy SRS SPHrdcatsors,

sai d nodaktSyakeproeeRiby BE 2N WHICe Y ot R Edyr 0da i 066§80T
nodes conpri sing nodes of said network, each of said plurality of

pr oces38Ar RGeS AEdRERI s CREPAL SESasrUSIRg Fadckforl eat ane cREPCoRBOT
interfgge éﬂ&%ﬁo@@ég@fkhoa@ o COPPELSE RO AR AMMCE cSOMRA] ShHde
conput er _readabl e program code whi ch causes said at | east 30 one processor
of at Pedsessneadfl sai d processor nodes, to determine a nomnal node

add{@ss as khL$qoWImptRERU LRI dHARN) S PF 0T B0HE OdR i WA L RIS Es, fal de at

| east _one processor of said processor node, to sense node addresses of
ot her PFPBEESSBE REGESSHPIsAILd spéBvpTioce3® aro Mt cddadnt ef ok biranteode

whi ch gl £ast p r _Qf i d 0CSS node,
comargégg?ﬁlggnggyﬁo 20064/18%%%7%8%%1% %Pé—%OB 007%8%' E\'I% ﬁ%edle add?éeg%es of

ot her pibersabe nodesadilrhssaid AsAfinabnHodetidddmemsryconput er readabl e
Pr ogr agy codey whi Gy GAUSES, S8LHafl Jriedfilce OO BNQGGSSEY, Oluidld P O££§SOr
node, to determ ne exi St eRce

15 computer readable program code which causes said at least one
processor of said processor node to detect said node address
failure, comprises causing said at least one processor of said
processor node to sense said network at said processor node
interface.

20 40. A computer program product of a computer readable medium
usable with a programmable computer, said computer program
product having computer readable program code embodied therein
for handling addressing failure of a nodal system of
processors, said nodal system comprising a network; and a

25 plurality of processor nodes comprising nodes of said network,
each of said plurality of processor nodes comprising at least
one processor and at least one interface to said network; said
computer program product comprising:

computer readable program code which causes said at least

30 one processor of at least one of said processor nodes, to

determine a nominal node address as its own;

computer readable program code which causes said at least
one processor of said processor node, to sense node addresses
of other processor nodes of said network;

35 computer readable program code which causes said at least

one processor of said processor node, to compare said sensed



5 of any conflict between at | east one of said sensed node addresses of

ot her processor nodes with said nom nal node address, said existing
conflict wompod/®@3Tmy a node address failure of said proeesmmosmdasfor said
net wor k; and conputer readabl e program code which causes said at |east 10
one processor of said processor node,43t o, upon detection of said node
address failuyre of sai cessor node for said,6 network, disable said

pr ocesB8Ren8d8rR§HrTal n(?& SXIPFFESESFOITMREET et hoF K At LhH P at “P8SEst one
i nterfa@ared4d; The conputer program product of Caim40, wherein said 15
conput er pr ogr am product_ additionally canpri ses: conput er%]éiadabl e pr ogr am
code whi ch E3UBBECEaFGsplEa L OIFAT §P§€es"§’d'rdbfca§§‘?f it Rlor 1 edeEE,

upon dehecigreRedfsorsabfl BAdE RS AIAME, otosaiétdernge@sefleeélﬁcéor
said network, select a node address that avoi ds said node address 20

fai luref < SOrddtist nbatvessr &l l6siddPESsi dfy $4i¢ PPBEESsorOABde in

sai d nghupeksERONL ENAUHIY $RLEBEBEESSOles NG H N 38l ABhYREK. Adge The
conput er program product of Caim4l, wherein said processor node

addi t i 3RGT £§S conpridesS HokRD SO iggno CPMPris isgd Sai BORBMAASFEHF ogr am

producks; pddbtbenakky pPRRELSES AOABUESE LeadahlkewBLRYraAcode which
causes said at | east one Erocessor of said processor node, to maintain an

al ternat e neEEPHEEFeESa6RbISI BTPESEBSSOLe WhdEN TaEas ricrivd &l | 1easenory:
30 s@i gngowtc%rssr&adgpl RO AHRLAIS- WaLER , causes,58hd RicedtGRst oPe

processor of said processor node to select a node address that avoids said
node ad@tdsdds | aderesenpiasbgre calﬁ3| ﬁ91§al pra¢eseast nage pfetessatdof

sai d prOCRSSR! HQQSb;LTeO s%&@piﬁr%cEQ al iRl fdmitRAe MY exfaUss SPREG 35

nonvol atile nenory wth said sense node addresses of  said ot her processor
nodes;sakd WE-RODK/ GQSngP@TF/ Epa2go3pne7igierfigcet said al ternate node

addr esgy avobfls SRRl "biborafl d:amRed Gpdenadd eases WAl oLher

processor
15 computer program product additionally comprises:

computer readable program code which causes said at least
one processor of said processor node, to, upon detection of
said node address failure of said processor node for said
network, select a node address that avoids said node address

20 failure, said selected node address for addressing said
processor node in said network upon enabling said processor
node in said network.

42, The computer program product of Claim 41, wherein said
processor node additionally comprises a nonvolatile memory;

25 and said computer program product:

additionally comprises computer readable program code
which causes said at least one processor of said processor
node, to maintain an alternate node address of said processor
node in said nonvolatile memory;

30 said computer readable program code which causes said at
least one processor of said processor node to select a node
address that avoids said node address failure, comprises
causing said at least one processor of said processor node:

to compare said alternate node address of said
35 nonvolatile memory with said sensed node addresses of

said other processor nodes; and



to sel ect said node address that avoids said node address failure, by
selecting said alternate node address of said 5 nonvolatile nenory. 43. A
conput er woagegwmpwoduct of a conputer readabl e nedi um PegaP2e3w0t1B7 a
programuabl e conmputer, said conputer program product having conputer
readabl e program code enbodi ed therei4d for for handling addressing failure

of a nodal system_of 10 processors, said dal system conprising a,network;
and a pluralityl6f SHec S MR s e ﬁp?ggrﬁﬁsnﬁa€§ < H@?mB?E? at

| east two okasd @epkefahicky AJHRERSSVT NRCes St LGhrddesEeBehodasnd
conprising at | east one processor, at |least one  interface to said network,
and a ti ner tOosSPdeCEnERifarRcs A SRS dhath Aidorard (hade sphdkessi d

processor ngde1has, been scl@e@tings dad € AMRHrea HY QIR LIRS €PNPALgI NY:
conput er readabl e Erogranlcode whi ch causes said at | east one processor of

at |east onBOBVOsar#lpr BEBSEYr nodes, to determine a nominal node address

of sai g3pr ogesHHuRRIE Hray1GHY Shudeagdable P cadeai £hnsavsgs said
at | east one processor of said processor node, to sense node addresses of

ot her ppebéssoritlvdes progapumableorkomMRWRPL erSaischdabpusesgrenegdae whi ch

causes ' t f i : id
cenedP BT EaE ARl O R o It SR oS ol D OPERA T e

addr es§ouf Sar d hprstldgenr adddessiogputer Lneadabt e r ogdah cedetai chf causes
sai gy %rb@??%gggf‘e Qéf&e%‘?q’alof §z§'t%mpr88ﬁ]|§§?£i1@§d§j ntg etqg%ﬁy‘%m QfRgex}stence

of any con between at Teastone of sald sense ddresses of
ot her plotedsby nddesowneskogsanddesmicralpmicdeg addies L hfsard dnprewerksor

node, i ISt nfLi gt ri.Sjn r fai i id
netvor e ASE: ot cSiannet IR e ok EREEs B0 BBy it ey 61
processesecbl smidl propessongnade, leestonpar eprbeesepe, ofat 38 egmitd oneer of

a1 PLRRERRGCDIC.BN 00 5B AT S LA Ll B gL

15 an indication of time since said processor node has been

reset; said computer program product comprising:

computer readable program code which causes said at least
one processor of at least one of said processor nodes, to
determine a nominal node address of said processor node;

20 computer readable program code which causes said at least
one processor of said processor node, to sense node addresses
of other processor nodes of said network;

computer readable program code which causes said at least
one processor of said processor node, to compare said sensed

25 node addresses of other processor nodes with said nominal node
address of said processor node;

computer readable program code which causes said at least
one processor of said processor node, to determine existence
of any conflict between at least one of said sensed node

30 addresses of other processor nodes with said nominal node
address of said processor node, said existing conflict
comprising a node address failure in said network;

computer readable program code which causes said at least
one processor of said processor node, to compare the time of

35 said timer of said processor node having said nominal node

address to the time of said timer of said other processor node



havi ng said conflicting said sensed node address, to determne the
processor node having the nore recent tine of said tiners; and conputer

r eadabl e woegesomTode whi ch causes said at | east 5 onepomr@reeson7ief said
processor node, to, if said processor node is determ ned to have said nore
recent time of said tinmers, disabled4said processor node nom nal node
addreSﬁ?fron1 sai.d net rk.at sai.d at '%§52¥§Pe i nterface. Qi. The, conput er
progr afPBrBEuBE18r coOPdilhcAdnawRaid Fels < ¥FS prigyr ATt oY BHEL

addi ti enal byoe@gpbb:se@deccpﬁwhgr thedaiHee n¥gan Gade Wh£g causessgai d at
| east one processor of said processor node, to, if said processor node is

det ernf?®d to have said nore recent tine of said tiners, select a node

address thatompatds sebdabodeprddiams chbael AHive caalds selreted neder
addagss for addressing said _ processor node in said netmork upon enabling

sai ® pPBRefESCeSTte Ph $aild HERIIeoUs otRe dohpul br SFRGYrRFRPRORREL of

G ai M Adde W eiga tedinfl nddf 0685 3Uvd10da idddhbianald YetOMRIinkES o8 NORYVEl atil e
menory 20 and ;said conputer program product: addltlona§¥¥ conpri ses

conrput%%m%ﬁdaélléaﬁrlﬁgrsmdcw@cwccm ReRE eBOBANE Laf1ad€a BiREprEessor of

sai d psoCcEsEOtwopRUSL LQiABLRt ablsaNcAL ehpale,pade address of said
processor node in said nonvolatile nmenory; 25 said conputer readable

pr ogr af# codBh@hicomptdese PrAPMtProdact ofe Pravcessdr ofWhsiedmpraredsor
”Odﬁ)h§§h59t%9'gr88¥all%?SﬁHEttéﬁglﬁ90§§i? te g?ggg ddress that avoids

said no rrsés caustng s | east one processor
of said pro@@mgotenodeadableoptugrharcodepthCquﬁuﬂasy9ﬁﬁdaaux&ea@uress

of saifl “%&% aeatld.e ”B%YL x{bcseaé rseH nqde aﬁﬁréig‘és 104 é L& ot her
processor and sal ernat e no e éd réss avol don ?l with
sai d serded mdde&daames@eﬂs bb Swmvk oshed pmoresswrcerddesime35ofo seldct

|S:o %IT? Egtg%g% % %%3 ethat a%gldgs Sd%lr% J¥ dghg g d I’a(%isosld\{s\l) g g J(.)é / 91%?37 / 9adc:'ires s

15 failure, said selected node address for addressing said
processor node in said network upon enabling said processor
node in said network.

45. The computer program product of Claim 44, wherein said
processor node additionally comprises a nonvolatile memory;

20 and said computer program product:
additionally comprises computer readable program code

which causes said at least one processor of said processor
node, to maintain an alternate node address of said processor
node in said nonvolatile memory;

25 said computer readable program code which causes said at
least one processor of said processor node having said more
recent time to select a node address that avoids said node
address failure, comprises causing said at least one processor
of said processor node:

30 to further compare said alternate node address of
said nonvolatile memory with said sensed node addresses
of said other processor nodes; and

if said alternate node address avoids conflict with
said sensed node addresses of said other processor nodes,

35 to select said node address that avoids said node address



46 failure, by selecting said alternate node address of said nonvolatile
menory. 46. An automated data storage library, conprising: a plurality of
st orage swel2eso0Bomw storing data storage 5 nedia; at | eaJiEPRB/0daEBA
storage drive for reading and/or witing data with respect to said data
storage nedia; at |east one robot acemssor for transporting said data
storage nedi_a between said pluyrality of storage shelves_and 10 _said_at

| east one daPA1EESraf¥ SFELFEL1RINEAKS Bl taTRaTSINRAE 139965 Drotes@sf nodes

for operatipgneshdciddt RERLeY . data storage library, said plurality of
processor nodes conprising nodes of said network, each of said plurality
15 of @foecedBopuhodaesedofAptisiehgrave| éabrashe propessondand at | east one

interface t i r ks I t of . sai ality p r
nodes assodi Srer e ot | Bhord3R: tLvn Bt Bt TRy, Gfte DEPGERSE
procksmediaode: 20 nmi ntains designating information of said at |east one

el ement assg iaied ith saigaﬁroce sor _nod detgrnines gigoninqg node

address as rts own for°"Sai %tw%r%?a%%nsggl%ﬁese%¥ d%%?gna?in%n /or

i nf or metiiohnof datal eash resSpene ebesenfi dasactabedgel mbdsai;d processor

node; conpares .said present .designating information to .said j nt aj ned
designatingalnf%ﬁ%égi%ﬂ? d%%%ﬁhi%%%eﬁﬁgfhg fa %%?%ﬁp?gth%%esﬁg?ké%% Rai d
conpar edosagd pregsient bdesegnatdaigl i plarani tvn odnds sétdge 3@ hAiviaisai sred

designating jnformation, .a _failure of _.said match conprising a node address
fai’@rﬁaba ggigeﬁ? cBRE 0Pt RoGEFBPCsEF 4V Rét work; and upon said node
address fai hunetwbrgai dngrocessor node for said network, disables said
processor ngde 35 nom nal node address fromgal ¢ petvork gt sald.at,l east
automated data storage library, said plurality of processor
nodes comprising nodes of said network, each of said plurality
15 of processor nodes comprising at least one processor and at
least one interface to said network;
at least one of said plurality of processor nodes
associated with at least one element of said library, said
processor node:
20 maintains designating information of said at least
one element associated with said processor node;
determines a nominal node address as its own for
said network;
senses present designating information of at least
25 one element associated with said processor node;
compares said present designating information to
said maintained designating information;
determines whether a match is made between said
compared said present designating information and said
30 maintained designating information, a failure of said
match comprising a node address failure of said processor
node for said network; and
upon said node address failure of said processor
node for said network, disables said processor node

35 nominal node address from said network at said at least

one interface.



one interface. WO 2004/003779 PCT/ EP2003/ 007137 47 47. A processor node
for a distributed nodal systemof processors, said systemconprising a
net wor k awo 2a04pd087721 ity of processor nodes, said proce®sarEPp@d®oaAsSsoci at ed
with at |east one el enent, said processor node conprising: 5 at |east one
interface to said network; and at |eal§t one processor, said at |east one
processor: _maintains designating inforpation of said at_|east one el enent

associ 4f ed Wtﬂrgﬁ?as_ﬁ?’oc%%@%r ﬁ%’ae;ade‘?je?ﬁ‘h]_é‘ét%dnoﬂ?%]r nodeteldrets as
an addyesseb8bhrs10 ssaid @%F@émﬂ?ggiﬁgr asatﬁéjtxﬂ%‘mﬂéha %@f@r@lfﬁgnt

designating information of at |east one elenent associated w th sai
proces®br BIRAESIINPAPESSs ai I I} e PERICHSSITgNAPHAg dFHBHIFHISDNWESED saFd

mai nt aj pede dgak9BRLMBL | NEQL HBLE9Res 15, dRbAEMEBRS WASher & match is made
bet ween said conpared sald present designating Infornmation and said

mai N ai ned @ksighati ARei AnbprBRFentoaspad npswerksaptd match conprising a
node adcresgel gbalf Coft SRO0-PLOELSERIg BO0gCLAL BALILPELAALE,.and 20 upon
sai d node address failure of said processor node for said network,

di sabl es sai d prdeéssainpodesigogtialg nodéondatees fofonsabd d atet ekt at

sai d at | easto g9enbpfeLlacesadda s IRt badal grodetenyi ghng; and handi i ng

addressing failure _ a processor no o] i Stributed nodal system of
processors, sai ddsysreimesnpr nomigad muxdwr&ddnesa pbueal igddreasfs pfocessor

nOdfééésat I§g§?eﬁgﬁcggsgﬁhg%&%g{i {;Xigfneg‘rﬂggﬁssor nodes associated with

at t one e t, sal east one processor node conprising at |east
one processor angdeBfeat dressntondes et ire tiofoaimetietwork; asai beawt hod

compr i si ng ohhe. Leps. of ;. 8l 0L 8k, 0o dest gngtLog.LatospgLion of said at
| east one elenment associaied wih said processor node;
compares said present designating information to
said maintained designating information;

15 determines whether a match is made between said
compared said present designating information and said
maintained designating information, a failure of said
match comprising a node address failure of said processor
node for said network; and

20 upon said node address failure of said processor
node for said network, disables said processor node
nominal node address from said network at said at least
one interface.

48. A method for determining and handling addressing failure

25 of a processor node of a distributed nodal system of

processors, said system comprising a network and a plurality
of processor nodes, at least one of said plurality of
processor nodes assocliated with at least one element, said at
least one processor node comprising at least one processor and

30 at least one interface to said network; said method comprising

the steps of:

maintaining designating information of said at least one
element associated with said processor node;

determining a nominal node address as an address for said

35 processor node for said network;



determ ning a nom nal node address as an address for said 35 processor
node for said network; WO 2004/003779 PCT/ EP2003/007137 48 sensing present
desi gnat iwQ 200f/mBsTrt i on of at | east one el enent associ @cedipaii3lomar d
processor node; conparing said present designating information to said

mai nt ai ned desi gnating information; 58eterm ning whether a match i s nade

bet ween said conpared said present designating information and said
mai nt ai ned S&%Hgﬁmﬁ?ﬁf‘?qﬁ ogﬁﬁﬁgﬁﬁ,tlﬁgf giqftﬂré“a&flosrhi At méte 't eHipr PEPng a

node addeesstf aislsbiea@bdsdidhPLeGESs pRocederf dbawgi d network; and 10 upon
sai d node address failure_of said prqcessor node for said network, .
di sabl i ng s&PHPFFeBEssR 1ol SiiihafeRsdBat aBEr esREPFBAT SR d et #BLR at

sai d ahaligastnege deBl ghbhaseg 48 fohme@IBY;er program product of a conputer
readabl e nmedi um usable vvitﬁ a programrebl e conputer, said conputer program

15 pPoduct REFEAGissREuUMEEthexd b isiTo gramadRl oo ede i AeFelRaF 88

determsping #r¢dcRandl iRG RPAESY NG RGN ah@dabai8YSh§Thehined
processors, said nodal systemconprising a network; and a plurality of
pr ocesS6F1ABAEI NFonprioat ivsde 2 ofashpde Abt worik MRt agPMPRES BRI sai d

pl ural Hhb¥eOh RHREES Y1 NALES 20585806k BLEd Wt R e |&ASTs Q08 RbeNBRL, Said

at | east one processor node conprising at | east one processor and at | east
one i nfBfface to said network; said computer program product conprising:

compyt er readabl e RHEOGLAD GG M Cﬂ(};iclaﬁ%e%é%ﬁ@tpw@égsoﬁ?eas_ gegtcessor

of said processor node to maintain designating 1Information of sai
| east 8aéde| BAEWPrhssodiaabdinpt hssafld Pppoeesedr node; wompudér neddabl e

Pr ogr agnaodeWhi 6 SaY8CACPAbIKAL ! BTl AANEoaLRCesson gl Sl pr oCessor

node to determine a nomn nod ress as an address for said
proces48r nadeocmputeai tbraytamricodorpuder ar e teexproes e to deedhiunh
Causesuggbgealwigﬁsgi programmable computer, said computer program
15 product having computer readable program code embodied therein
for determining and handling addressing failure of a nodal
system of processors, said nodal system comprising a network;
and a plurality of processor nodes comprising nodes of said
network, at least one of said plurality of processor nodes
20 associated with at 1least one element, said at least one
processor node comprising at least one processor and at least
one interface to said network; said computer program product
comprising:
computer readable program code which causes said at least
25 one processor of said processor node to maintain designating
information of said at least one element associated with said
processor node;
computer readable program code which causes said at least
one processor of said processor node to determine a nominal
30 node address as an address for said processor node for said
network;
computer readable program code which causes said at least
one processor of said processor node to sense present

designating information of at least one element associated

35 with said processor node;



one processor of said processor node to sense present designating
information of at | east one el enent associated 35 with said processor

node; WO WO4$40037/99 PCT/ EP2003/ 007137 49 conput er readahblEP23®griam code
whi ch causes said at | east one processor of said processor node to conpare
said present designating informatiorSt o said nmaintai ned designating

information; 5 ¢ ut er .readabl e program cogde i ch causes, said at | east
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mai nt ained designating_information, a failure of said_match conprising a
node aﬁﬁ?éggagéggure1%$°rﬁﬁt%%?d 01%ceS83A nold RERIBERAd TSR CLng
conput enfoemadabbe; program code whi ch causes said at | east one processor of
sai d_processor node to,éggin said node _address failure of, said ﬁrocessor
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match is made between said compared said present designating
information and said maintained designating information, a
failure of said match comprising a node address failure of
10 said processor node for said network; and

computer readable program code which causes said at least

one processor of said processor node to, upon said node

address failure of said processor node for said network,

disable said processor node nominal node address from said

15 network at said at least one interface.



