;e3e))tn6DT|g 2 7 N OV 2002 1 RETRI EVAL OF SERPENTI NE PATTERN DATA USI NG A
MVEMORY PE CARTRI DGE TECHNI CAL FIELD i This invention rel ates
to the P@“mmmm\\mm ata stored on tape nedia, and, mrzfm‘/czbﬂzl y, to

the speed o f£ssing and optinmzed retrieval of dataé#to i

*,

serpentine pattern on tape nedi a. Y 7 NO V 2002 BACKGROUND OF THE

| NVENTI ON Tape data storage is typically used for backup, archival, and/or
sequenti al data processing purposes. Exanpl es of sequential processing are
bat ch updating of master files or data m ning where queries are aggregated
in one conpl ete sequential scan of the data. The randomretrieval of data
froma sequentially recorded pattern has been relatively sinple, noving

| ongi tudi nal |y al ong t keThapeafle6t SEdbrRTIREUSHTsRN BRAREr. In the data
processing industry, tape nmedia is known for storing large quantities of
data in parallel tracks which extend longitudinally of the tape. The nopst

modern | ongi tudi nal yYSING A MEMORY DEVICE OF A TAPE CARTRIDGE

TECHNICAL FIELD

This invention relates to the retrieval of data stored on tape media, and, more

particularly, to the speed of accessing and optimized retrieval of data stored in a serpentine

pattern on tape media.

AL
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tape formats for storing data on tape nedia, such as magnetic tape
cartridges, are described as "serpentine", and have higher track densities
by having sets of tracks in both the "out" and "in" di reQ[YoN@VI’—%@OZ
exanple, the 1BM 3570 and | BM 3590 tape drives have 16 "out" tracks, 16 '
"in" tracks, and 4 "out" and "in" tracks. Access to data is acconplished by
i ndexing the tape heads laterally of the tape nedia, a process that is very
rapid as conpared to searching the length of the tape nedia. 2?2 NOV
2002 3 A serpentine |ongi t“@A’EﬁJGF%@BRD%Pﬁ?{Eﬁﬁ%f\ﬁ?OHata on a wap (a track
in a single direction) or a set of wapsS in one direction along a | ength of
the serpentine |ongitudinal tape nedia. Then, the tape drive shifts its
recordi ng heads laterally of the tape nedia a small distance and reverses
the tape direction to record another wap or set of waps in the opposite
direction along the |l ength of the tape nedia. The tape drive continues
these oper ati on¥afngdta dtdadenis typiclipoged faebaekupearthing, draiigi deqdemtal ddtape
media until all of blocks of data are witten. Since the physical |ocations
of the data blocks longitudinally along the tape nedia are staggered back
and f ort predessigy phmosep eExamplernef sequantial progessingiane batch epdatingsaf magstgrififasr war d
sequential retrieval order of access to the data blocks is nost |ikely not
the optinmal order of retrieval. |Indeed, for data recorded on tape nedia in
a ser pentd AatagRNNgrwhere Aueriasare ageraed i) neompletg spauanalsean reingdaldl y f ar
apart on the tape will likely result in grossly sub-optinmal performance, if

the bl Oc%ecpcanéjo% Petfiévan bf &e{té ?rXr%% ééaugﬁt(ﬂalﬁﬁ Pééo?éedop"aﬂg}:n Ngstg.ée'f'ﬁ‘glgﬁ&etly éi%p‘ehe

order

S

{
moving longitudinally along the tape media in a sequential manner.

In the data processing industry, tape media is known for storing large quantities of
data in parallel tracks which extend longitudinally of the tape. The most modern longitudinal
tape formats for storing data on tape media, such as magnetic tape cartridges, are described
as "serpentine", and have higher track densities by having sets of tracks in both the "out" and
"in" directions. For éxample, the IBM 3570 and IBM 3590 tape drives have 16 "out" tracks, 16
"in" tracks, and 4 “out" and "in" tracks. Access to data is accomplished by indexing the tape
heads laterally of the tape media, a process that is very rapid as compared to searching the

length of the tape media.



they were witten. Various techniques and systens exist for recording data
on and retrieving data from 2 7 NO V Z002 4 a tape medi2zi g@gsm@%nti ne
pattern. The incorporated Bashamet al. application illustTrates od
enpl oying a device block map for det grm’ ning the optim zed order of
retrieving files of data stored in a“serpentine pattern on a tape nedi a.
The speed of initial access to the data stored in a serpentine pattern is
relatively slow, however. In tape drives for data stored in a serpentine
pattern on a ed] . i j : rvo and
dat a heads m’%‘ g%%gﬁﬁ%ﬂgp%{fu{ae o %ﬁg d@gggeé: Yo%poéa?ét !)%aggéﬁ)g i&g&@%tﬁ?‘gﬁ servo
systemin the tape drive enploys the servo heads to follow servo tracks on
the t apRediBA) & a ¥Aids Grifian $Ak AirbBarMaldRAscARE 0P theWdidtif@ichgRititd1eapéat a
tracks. Also, when the serpentine data tape nedia is in a cartridge, a
period of tinme is required for loading the tape cartridge into the drive.
Once t hediarthendge thse Hmadstifts isreaddingi hends (arerallyad tiod tape medissa sgli red to
thread or nove the tape nedia so that it is in proximty to the tape head
Then, a further period of tine is required for the tape drive servo

ar r angdistance aod irenerses| the taperdireption toi reeortl @gotber wise ar speofivedpainthe h r espect
to the tape head. This conprises noving the tape longitudinally while the

Servo arrangemant adjusts the | ateral rRos,i tioni ng of the tape head so
opposite direction along the length of the tape media. The tape drive continues these

operations back and forth along the serpentine longitudinal tape media until all of blocks of
data are written.

Since the physical locations of the data blocks longitudinally along the tape media
are staggered back and forth along the tape and not in any sequential order, a straightforward
sequential retrieval order of access to the data blocks is most likely not the optimal order of
retrieval. Indeed, for data recorded on tape media in a serpentine pattern, the retrieval of
blocks of data spaced relatively far apart on the tape will likely result in grossly sub-optimal
performance, if the blocks of data are retrieved in sequential order with respect to the order
they were written.

Various techniques and systems exist for recording data on and retrieving data from



z 7 Nov Zooz 5 that the servo head is properly aligned wth the desired
servo track and the data heads) is aligned with the corresponding data w ap
(or group of waps). In a single reel tape cartridge the QVhH}VbQQ@ map
is typically at the beginning of the tape. Thus, after the tape |eader has
been | oaded by threading, and the ser4o head has been properly aligned, the
t ape data head reads the device block nmap and a processor processes the
device block map in view of the inconmng data retrieval request to optim ze

ot oo DrBEesyMEsersebRapffern, TrRE%ardBBaBair RES eI blEEs 4.0 e

cartridge is stored with an equal anount of tape on each reel. Thus, after

the tapgetRéd El%Bf[B%iIHS%CHeQﬁE%.H&‘R%W?ﬁ?‘éeteﬁ%iﬁin@%é %ptinﬂzéb SHabeGtLPBiRG FiltRlof t O

t he surface of e tape, into proximty to each other, and the sérvo head
has been properly aligned, the tape data head reads the device bl ock map

and a EerasRaAlin BIRARNERS phtiein @A \d tafe Reark map in view of the incom ng data
retrieval request to optimze the retrieval order. If the cartridge is

stored in an automated tape library, such as an | BM 3575 Tape Library
Dat aserver, aTbéspéed afrinitiadaceensutnithefataistored b ar sqpentiod patterndg relativelyt he
cartridge fromits z ? Nov zooz 6 storage slot and nove the cartridge

and deliver it to the tape drive. SUMVARY OF THE | NVENTI ON
slow, however.

In tape drives for data stored in a serpentine pattern on a tape media, the tape head
typically comprises both servo and data heads which are parallel and spaced apart a certain
amount. A servo system in the tape drive employs the servo heads to foliow servo tracks on
the tape media, while the data heads read and/or write data on the data tracks. Also, when
the serpentine data tape media is in a cartridge, a period of time is required for loading the
tape cartridge into the drive. Once the cartridge is loaded, an additional period of time is
required to thread or move the tape media so that it is in proximity to the tape head Then, a
further period of time is required for the tape drive servo arrangement to initialize the position-
ing of the tape media with respect to the tape head. This comprises moving the tape

longitudinally while the servo arrangement adjusts the lateral positioning of the tape head so



It is an object of the present invention to increase the speed of accessing
data stored in a serpentine pattern on a tape nedia, while hi &I e
optim zed retrieval of such data. Disclosed is a data storzz gm%dé;r
use with a tape cartridge having a tape nedia storing data in a serpentine
pattern, and having a menory device fo? storing a device bl ock map for the
tape nedia. The storage systemhas a nenory interface for transferring data
with the nenory device and a tape drive for reading and/or witing data on
the tapgniriel &nJhE Jl@%gor%’?ly‘éﬁgnéarwi% the ELinl JBRAWRRISN the stk hBAS(SS Isons t he
tape cartridge at t%e ry rnterface, and subsequently positions’ the tape
nmedia for reading and/or witing. A processor is coupled to the nenory

i nt er f acfig@Rtvill e RSFESHonERgder weplibogisupapwiaheyn t he nenmory device for
optimal retrieval of the serpentine pattern data of the tape nedia by the
tape drive. The 27 NO V 200 transfer of the device block map fromthe
menory devi ce hradsihgie reml tapeswirtndoethetdevicd dlack enapl is typioabypatdbe beginning bé t he
tape drive or | oading nmechani smpositions the tape nmedia for reading so

t hat the processor begins the reading process i mediately upon the

posi t i ottaPef Thie aftapierterr gaderhagheen dgadad b dtreasding, igad ithesaAYe bead hase t ape
cartridge is stored in one of a plurality of storage slots of an automated
data stqrage |ibrar ing a, robotic accessor for noving the tape

car ¢ 11 ddeenneRsay Sldhedce tehstodsd BRad forlS T Feblee e PRI EPRGER n an
initial step, the robotic accessor noves the tape cartridge to the tape

drive. g JIEIDHX td}egi%ggfogg ﬂ}a@n Hewt dtend H@&H\@wg gg&gﬁeﬁ%%rreﬁ%@t [ 6ptihfREthe

cartridde 1s posl nmenory 1 nter ring t

i
retrieval order.

In a reel-to-reel tape cartridge (or cassette), the device block map is typically at the
midpoint of the length of tape and the cartridge is stored with an equal amount of tape on each
reel. Thus, after the tape or tape head has been moved, typically in a direction normal to the
surface of the tape, into proximity to each other, and the servo head has been properly
aligned, the tape data head reads the device block map and a processor processes the

{ device block map in view of the incoming data retrieval request to optimize the retrieval order.

If the cartridge is stored in an automated tape library, such as an IBM 3575 Tape

Library Dataserver, a still further amount of time is required to retrieve the cartridge from its



nove, and the stored device block map is transferred fromthe nenory device
at the nenory interface to the processor, also during the ve. . Fo

full er understandi ng of the present invention, reference ﬂuﬁﬂ%eﬁﬂﬁze to
the follow ng detail ed description taken in conjunction with the

acconpanyi ng drawi ngs. BRI EF DESCRI P&l ON OF THE DRAWNGS 2 7 N O V 2002 8
FIG 1 is a perspective view of an autonated data storage |ibrary enpl oyi ng
the present invention; FIGS. 2A and 2B are respectively plan and side views

of a si tARe i I itdo TRIM ice enployed in the
autorra%tggiggasﬂcg%bgor agéﬁ??ﬁ%@g%&%&'ﬂ@ It’:EL&;) FI Gbé/%ﬁl\ieés/ a plan view of a two
reel tape cartridge having a nenory device enployed i in the automated data
storage library of FIG 1; FIG 4 is a diagranmatic representation and

bl ock di agram depi cting an enbodi nent of a nenory interface enployed in the
present invention; FIGS. 5A and 5B are diagrammatic representations and

bl ock di agranms of an enbodiSEHIMARY QF (TafelNMENAGONN accordance with the
present invention, for a single reel tape cartridge; FIGS. 6A and 6B are

di agrammati c representati ons and bl ock diagrans of an enbodi nent of a tape
drive in accordance with the present invention, for a two reel tape

It is an object of the present invention to increase the speed of accessing data
stored in a serpentine pattern on a tape media, while achieving the optimized retrieval of such
data.

Disclosed is a data storage system for use with a tape cartridge having a tape media
storing data in a serpentine pattern, and having a memory device for storing a device block
map for the tape media. The storage system has a memory interface for transferring data with
the memory device and a tape drive for reading and/or writing data on the tape media. The
tape drive, or a loading mechanism, first positions the tape cartridge at the memory interface,
and subsequently positions the tape media for reading and/or writing. A processor is coupled

to the memory interface and processes the device block map from the memory device for

optimal retrieval of the serpentine pattern data of the tape media by the tape drive. The



cartridge; Z7 NOV2002 9 FIG 7 is a block diagramrepresentation of
an enbodi nent of an automated data storage |library of FI G2 ; y S a
pl an vi ew of an enbodi nent of an enbodi nent of a robot gry p%e]ﬂﬁmmzed in
the automated data storage library of _FIGS. 1 and 7; and FIGS. 9 and 10 are
flow charts depicting alternative enbddi nents of the nethod of the pr esent

i nvention. DETAILED DESCRI PTION OF THE I NVENTION This invention is
described in preferred enbodinments in the follow ng description with

ref er enggnéser 6#t1ﬁe E’\b/ﬁzl:g Bidek mBp Wahthe dfforP HERGS nd BB PR%B84ing BEhETIcE”

simlar elenents. I's invention is described in terns of the best
node for achieving this invention's objectives, it wll be appreciated by

those slidck @&hp dbcliRevtilelthd 2@k dvidé bAlbadING meaNarken pesiRsihé &pednédia frew of
t hese teachings without deviating fromthe spirit or scope of the

invention. Referring to FIG 1, an enbodi nent of an automated data storage
| i br ary rda@iingsso that the Mraxegsardeging €he reading process immediately upon the positioning of

the tape media.

In another aspect of the invention, the tape cartridge is stored in one of a plurality of
storage slots of an automated data storage library having a robotic accessor for moving the
tape cartridge amongst the storage slots and at least one tape drive. In an initial step, the
robotic accessor moves the tape cartridge to the tape drive. The memory interface is at the
robotic accessor, and the tape cartridge is positioned at the memory interface during the
move, and the stored device block map is transferred from the memory device at the memory
interface to the processor, also during the move.

For a fuller understanding of the present invention, reference should be made to the

4 following detailed description taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS



illustrated enpl oying the data storage system of the present invention. The
invention is equally applicable to tape drives not | ocat i I i es,
and may be advant ageously em pl oyed to speed the access 2E7J@££ytzaﬁ2
exanple, by tape drives with cartridges in autonmated cartridge | oaders.
However, time to data is of greatest iticality in automated data storage
libraries. The automated data storage library 10 includes a plurality of
tape drives 12, for exanple, for reading and/or witing on tape nedia, such
as single reel or two reel nagnetic tape cartridges. A plurality of tape
media 14 are stored in banks or groups of storage slots 16. Tape nedi a may
enconpass a variety of nedia, such as that contained in magnetic tape
cartridges, MagRre§ ol RPHEBESALWDS an ANDrdd Gl sloPRR IIBRTY émgg@m? thel
various formats. For universal reference to any of these types of nedia,
the terns "tape nedia" or "nmedia" are used herein, and any of these types
of cont gpréshsineettionef erred to as "tape cartridges” or "cartridges" herein.
An accessor robot 18, including a cartridge picker 20 and a bar code reader
22 nounted on the picker, transports a selected cartridge 14 between a
storage sl ot 16IGSiRAaand 2B AreNeBpactively Dlahlandrsidesviews offnsinglamgd! éapef caatridge
automated data storage library 10 is the IBM 3575 Tape Li brary Dataserver,
whi ch stores magnetic tape cartridges and enploys 3570 tape drives. The

| i br ary heginglasgemayl deyise emnployeddn Shecasernated dptastorage imayaffil®sts at | east
one

FIG. 3 is a plan view of a two reel tape cartridge having a memory device employed
in the automated data storage library of FIG. 1;

FIG. 4 is a diagrammatic representation and block diagram depicting an embodiment
of a memory interface employed in the present invention,;

FIGS. 5A and 5B are diagrammatic representations and block diagrams of an
embodiment of a tape drive in accordance with the present invention, for a single reel tape
cartridge;

FIGS. 6A and 6B are diagrammatic representations and block diagrams of an
embodiment of a tape drive in accordance with the present invention, for a two reel tape

cartridge;



m cro-processor. The library controller may serve both to provide the
inventory of the entire library and to control the I|ibr r%. Mi@iy, t he
library controller 31 conprises at | east one data proce rN abl e
menory and data storage capability to control the operation of the library
10. The library controller 31 may con‘Bri se any suitable m croprocessor;
such as an | BM RS/ 6000 processor. The library controller 31 controls the
actions of the accessor robot 18. The conven tional Library controller 31
i's interconnegi®d it Bropitd iy ravh Q¥prasshthtingdt af eMbbAinfiMeoOdn AMEAatealata
processors, which provides conmands requesting access to particul ar tape
media or to nedia in particular storage slots. The host, either directly,
or t hr gugsyd IRayidpras.yy.control ler, controls the actions of the data storage
drives 12 (through their associated controllers) Commands for access to
data or to locations on the tape nedia and information to be recorded on,
or to 2 7 NFIQV839adldnvide of aadmbbdimensef arcéraisbdiragre ofra dotsot arippdry pi cal |y
transmtted directly between the drives 12 and the host, The |ibrary
controller 31 is typically provided with a database, which includes tables
and pr egipényed int theiaskdrhated datal sharape hgratyhef Fi@Hel aed Tr anidjes in t he appropriate
storage slots 16 and for nmaintaining the inventory of the tape cartridges.
The accessor robot 18 typically includes servos, notors, arns, the picker
20 with gri ppEIGS. 9sanest) arediow ahere depigting alernative Rahpdianentsrad the methed @4l

equi pnent to performfunctions that include (at |east) the accessing and
transporting of ta?e nmedi a between and anong the storage slots 16 and the
tape dif&RESaY invedtiiscri bed above, the speed of access to

DETAILED DESCRIPTION OF THE INVENTION

This invention is described in preferred embodiments in the following description
with reference to the Figures, in which like numbers represent the same or similar elements.
While this invention is described in terms of the best mode for achieving this invention's
4 objectives, it will be appreciated by those skilled in the art that variations may be accom-
plished in view of these teachings without deviating from the spirit or scope of the invention.

Referring to FIG. 1, an embodiment of an automated data storage library 10 is




a cartridge stored in an automated tape library, such as an |IBM 3575 Tape
Li brary Dataserver, is limted by the amount of time requi 2? mvezéb ve
the cartridge fromits storage slot and nove the cartridge d i it
to the tape drive. Then, the cartridge is |loaded into the tape drive. Once
the cartridge is | oaded, an additional® period of tinme is required to thread
or nove the tape nedia so that it is in proximty to the tape head.
However) when that cartridge stores data in a serpentine pattern, the speed
of ini ti_u@dtra@&f:&%ﬁuogiﬁgwéedéiékﬁarag% S RAREF tRY BrasbatihRition. TRe ivBhtidv €002 13 In
tape drives for data stored in a serpentine pattern on a tape nedia, the
tape head typically conprises both servo and data heads which are parall el
and spaeqdllpppplicableds tdpai dnivasmotribcatéd indibvapies ysidanay be bdhvantaapeusly e enpl oys
the servo heads to follow servo tracks on the tape nedia, while the data
heads read and/or wite data on the data tracks. Thus, after the tape is in
proxi m ployadototspeed Hpeadoessiio datd, ventéxampies by tapedirives wish icartnidggaiin agiofmated: he
tape drive servo arrangenent to initialize the positioning of the tape
media with respect to the tape head, This conprises noving the tape

| ongi t uSATHISEE JoagRrs. dHewrvesdimptogataispd sramteshaytizatity in Wéo‘l“afgeérdé’ﬁa $BE89€i oni ng
of the tape head so that the servo head is properly aligned wth the

desi redI. £ry0 track and the data heads) is aligned with the corresponding
dat a vvrébrsg {e(?r group of waps). Only after the alignnment of the tape head

| aterally with respect to the tape nedia, can the device block map be read

d the meth ' i l¢2d bl foped t
and the me odr_,%fa%%acq?agg%a%@g,gﬁbéﬁﬁ{ﬁmgae@é plgfgaltﬁlfv Jf%& %Hrl/ggﬁhb#o?e 0

enpl oy the device determning the mze
{'\ .

example, for reading and/or writing on tape media, such as single reel or two reel magnetic
tape cartridges. A plurality of tape media 14 are stored in banks or groups of storage slots 16.
Tape media may encompass a variety of media, such as that contained in magnetic tape
cartridges, magnetic tape cassettes, and optical tape cartridges, in various formats. For
universal reference to any of these types of media, the terms “tape media“ or “media" are
used herein, and any of these types of containers are referred to as “tape cartridges" or
j "cartridges” herein.
An accessor robot 18, including a cartridge picker 20 and a bar code reader 22

mounted on the picker, transports a selected cartridge 14 between a storage slot 16 and a



Py

retrieving files of data stored in a serpentine pattern on a tape nedia. In
a single reel tape cartridge the device block map is typycal e

begi nning of the tape. Thus, after the tape | eader has EZ@@**@Q@ZQUzy l

t hreadi ng, and the servo head has 2 7 N OV 2002 14 been properly aligned,
the tape data head reads the device B ock map and a processor processes the
device block map in view of the incom ng data retrieval request to optim ze
the retrieval order. In a reel-to-reel tape cartridge (or cassette), the
devi ceypl®4k map is typically at the mdpoint of the |length of tape and the
cartridge is stored wwth an equal anount of tape on each reel. Thus, after
the tape or tape head has been noved, typically in a direction normal to
the surface ofn tekaﬁnf;l_erzﬁ an laliddlePeatistoradliRay N0 RrBMaIEYstTRe $r9 head
has been properly aligned, the tape data head reads the device bl ock map
and a processor processes the device block map in view of the incom ng data
retri eatagep@oshich Stofdd agTticttéie cRtritibeyald enpleys 357abpé evals’ of data
records primarily conprises the reading of the records. However, retrieval
for the purpose of reading and then rewiting one or nore of the records,

or for witinghelaryottealse includes efiibranecordroterdd whichpoasprisice at ldesteineaf t er

al t hough reading is enphasi zed, the ( "retrieved" records nmay be read
and/or witten. The_present invention enploys a nenory device, such as
menor y NigTedipeessars theslihiary eanirelleUmsy spavedioth taprovidastie isventorgptthe entiee st or e
a device block map. FIGS. 2A and

library and to control the library. Typically, the library controller 31 comprises at least one data
processor and suitable memory and data storage capability to control the operation of the
library 10. The library controller 31 may comprise any suitable microprocessor; such as an
IBM RS/6000 processor.

The library controller 31 controls the actions of the accessor robot 18. The conven-
tional library controller 31 is interconnected through a provided interface to one or more host
processors, which provides commands requesting access to particular tape media or to media
in particular storage slots. The host, either directly, or through the library controller, controls

the actions of the data storage drives 12 (through their associated controllers) Commands

for access to data or to locations on the tape media and information to be recorded on, or to



2 7 NO V2002 15 2B illustrate a single reel nmagnetic tape cartridge 32
having a drive hub 33 and a | eader bl ock 34. A nenory devi I’51 ng
a nmenory circuit nodul e 36, such as an EPRCNIseniconductorzﬁéagp§Pgmoz;
nount ed on board 37 is |located at the edge 40 of the cartridge. The
opposite side of board 37 conprises alplurality of conductive bars 43 and a
common conductive bar 44, which provide external electrical connections to
the nmenory circuit nodule 36. The conductive bars 43 provide a high speed
el ect r om, ctd i | H i j

Cer m nal Sy cagrar e ide SEREARIL 5 BBl B A LAt 4
ground for preventing electrostatic discharge to the nmenory circuit nodul e
and may thelgeyti fiie ﬁi%rﬁédr@r@ﬁé}'tﬂqg't)‘ﬁca‘l'y"?roma_@é! With aiatDasatinieh INBIBEYta8RYI ces
35 may be enployed in accordance with the invention, such as a rewitable
magnetic chip, or other types of electronically alterable read only nenory
chi ps. @nB@W@éh&ﬂyﬁéélEﬁ&ﬂbc&ﬂ@ﬂl@&fdp@@%r’tﬁd@e@hﬁth@%ﬁfo ristedtdregdTBlptsd 654hdoe
utilized, such as an LED transmitter/receiver, or other types of proximty
communi cations. Atwo reel cartridge 50 is illustrated in FIG 3 having

dri ve hdtrsméidtainiv th2 idventaly bithe ¢gageemriridpes. nedi a 53 past a tape head 54 (the
tape head is in the associated tape drive). As Z ~Nov zoo2 16 with

respect to the single reel tape cartridge, above, the two reel cartridge of
t he present The accessor robot 18 typically includes servos, motors, arms, the picker 20 with

grippers, sensors and other robotic, mechanical and electrical equipment to perform functions
that include (at least) the accessing and transporting of tape media between and among the
storage slots 16 and the tape drives 12. As described abave, the speed of access to
a cartridge stored in an automated tape library, such as an IBM 3575 Tape Library
Dataserver, is limited by the amount of time required to retrieve the cartridge from its storage
slot and move the cartridge and deliver it to the tape drive. Then, the cartridge is loaded into

the tape drive. Once the cartridge is loaded, an additional period of time is required to thread

N

or move the tape media so that it is in proximity to the tape head.

However, when that cartridge stores data in a serpentine pattern, the speed of initial

access to the data is slowed even further.



i nvention has a nenory device 35 conprising a menory circuit nodule 36
nmount ed on board 37. The board 37 is |located at the edge g%cﬂﬂt\{] D(Qz
cartridge, and the opposite side of board 37 conprises a B Ur ?
conductive bars which provide external electrical connections to the nenory
circuit nodule 36. FIG 4 illustrate33an enbodi nent of a nenory interface
60 having fixed termnals 61 and nenory intertace input/output circuitry
62. Connectors 63 provide electrical connections to the conductive bars 43

of the memory eyl 66, vt Ba@orh i 88epaRirANER dra BHE VIR Srdapl naaeed
el ectroni c connéttion between the Meno y Crrcurt odute and’ mens y
interface 60. A connector 64 provides an electrical connection to the
conducttjpigallh ¥brmphs bt BYrBAMidae: [Redes NHh 4r8 baRN&\4Rh shacdedpRettd @stant i C
di scharge to the nmenory circuit nodule and nay identify the orientation of
the nodule. The nmenory interface 60 is coupled to a processor by cable 66
(as wi ldmdumt.eXpkpionsyelentindhgtapeidiies empluyd ithieesarvoneds ¢o fofowiseaitekavoh h t he
processor. FIGS. 5A and 5B illustrate an enbodi nent of a single reel tape
drive 70 which incorporates the data storage system of the present
i nvent itheitapEimediapehilérthe datzheady raad andfor write @a ot data treekst elhusnaftérbr ary
10 or nmay be a separate drive, as discussed above. Conventional elenents of
the tape drive include a | oader 71, ich is mechani sm. . operated, by drive
Sorvoe BoferRIS YPTRYUGE tohedabs Peash 245 erPsTioml tBER S rOLTAE (4 Ao P U 70 | 1
the direction of arrows 72 and either noves the cartridge vertically or
noves u t.] . |y, I he. dj I arko | cal
(HeTvS érf{lhgéﬁleynf {oi @8@28?%% Hoélttfb%lrﬁ %fgﬁé {r?@@ n%fdla[a\xn([)q P@?P‘%é} (t:ci ﬂ%'&‘??p(egﬁédoc

novene car e ver Veren utc rings the
This comprises moving the tape longitudinally while the servo arrangement adjusts the lateral
positioning of the tape head so that the servo head is properly aligned with the desired servo
track and the data head(s) is aligned with the corresponding data wrap (or group of wraps).
Only after the alignment of the tape head laterally with respect to the tape media,
can the device block map be read and the method of the incorporated Basham et al.
application utilized to employ the device block map for determining the optimized order of
retrieving files of data stored in a serpentine pattern on a tape media.
In a single reel tape cartridge the device block map is typically at the beginning of

the tape. Thus, after the tape leader has been loaded by threading, and the servo head has



clutch 73 into engagenent with the hub 33 of the cartridge 32 (see FIG
2A). A tape threader 76 engages the tape cartridge | eader bzﬁby&?pmnd
while the drive servos 80 cause a notor 81 to rotate the 02u 3

rel ease and unwi nd the tape nedia, drive servos operate the tape threader
76 to nove the tape nedia along path & past and into engagenent with "D’
bearings 84 and tape head 85, and into engagenent with a take-up reel 86.
After the threading operation is conplete, a drive controller 90 and head
servos rate head servo- ' 3 Vi e 85
verti cal f%gﬁ)?ﬁ)pt% Hga@ﬁr}egcﬁ\piﬁge @qtgﬁggﬁ%ﬁgﬁ%e&ﬁgmcg rviébqarrfd\?égﬁr(gg%{ég&l | er and
drive servos 80 operate notor 81 and take-up reel 86 to nove the tape nedia
in the | j ' Lk [WoTaWE ' i tvaf i t he
Servo. hEaeose B RevEp BREk I n Tol e e o TR o re AP s oo 1
F3 In the enbodi nent of FIGS. 5A and 5B, nmenory interface 60 is |located in
t he tapegetdevalordd® so that the |loader 71 first positions the nenory device
35 at the nenory interface 60 by the insert notion of arrows 72. During any
subsequent vertical notion of the cartridge 32, the conductive bars of the
menory devi ce BBa mel-to-real tapaicartridget(actasaetid), thi deviesrblogk inap és tiypicallyed thepon
maki ng contact, nenory interface 60 transfers the device block map fromthe
menory device 35 to the controller 90. The controller 90 conprises a data
pr ocess &Mideaiet 9f tke lgagtd O&tQP@mWhQ@””ﬂSS i 3tAtedarithan ?ﬂ“@h@'@%‘&‘ oﬁtgye RAPECH he
capability of processing the device block map. Qtherwi se the controller 90

forwar CISreél.h el'hgg,vall e?thte)al t%Sé‘ orn%%e \égé habso géen moved, typically in a direction normal to the

surface of the tape, into proximity to each/other, and the servo head has been properly
aligned, the tape data head reads the device block map and a processor processes the
device block map in view of the incoming data retrieval request to optimize the retrieval order.
“Retrieval” of data records primarily comprises the reading of the records. However,
retrieval for the purpose of reading and then rewriting one or more of the records, or for writing
over one or more of the records is possible. Hereinafter, although reading is emphasized, the
{ ‘ “retrieved” records may be read and/or written.
The present invention employs a memory device, such as memory circuits as

discussed In U.S. Patent No. 4,338,644, Staar, to store a device block map. FIGS. 2A and



interface 95 to a host 96 for processing. The host (or controller)
processor then processes the device block map to order the geflﬁﬁq/ Qﬁﬁb
initiated retrieval read requests into an optinmal order (e.4q.

accordance with the incorporated BashﬁF1et al . application). 1n accordance
with the present invention, subsequently to positioning the nenory device
35 at the nenory interface 60) the tape nedia is threaded and the servoing
of the tape head 85 is conducted to position the tape nedia for reading
and/ or B f - f Ui i ry
Govi ce angyliRdete Extie R ES G ShldlE SPREAF HGE RuTHE o PIRer odeR™
occurs while the tape drive or | oading nmechani smpositions the tape nedi a
for readgnoaandh@y dvlitd 55 8oRBridineh nchforP ERGR IR shéh 418 EPROM VA
readi ng process i medi ately upon the positioning of the tape nedia. The
retrieval reading process is conducted by the controller 90 under the
comandssethicéhtRictt? flenRfty cipnbiiRedlah Board I768kcRBd aOhe\Wdhb U8B e datiggdiead
85 and decoded, etc., by data flow 97 and the data trans ferred directly
with the host 96 over host interface 95. FIGS. 6A and 6B illustrate an
enbodi meThe oppasite Bide o Bbartl 3Feoflprives 4 Plraikyi afltohduetvebara 48 anti ecot@hien St or age
system of the present invention. The tape drive 100 may be | ocated in
library 10 or may be a separate drive, as discussed above. Conventi onal

el enent scafduttive hangd, \whicl pravitel axtienal elegtridal cohfdgtiond tacthe insereoryrectiaimedgle
operated by drive servos 102, which noves a two reel cartridge 50 into and
out of the tape drive 100 in the direction of arrows 104 and either noves

t he cart #6-dgee oenductive bafs 43 prayidesa Bighseertselad®nicaonnedion petween ee memory

| circuit module and connecting terminals, as will be explained, and the conductive bar 44 may
provide a ground for preventing electrostatic discharge to the memory circuit module and may
identify the orientation of the module.

Alternative memory devices 35 may be employed in accordance with the invention,

such as a rewritable magnetic chip, or other types of electronically alterable read only memory
chips. Alternative external connections to the memory module may also be utilized, such as
an LED transmitter/receiver, or other types of proximity communications.

A two reel cartridge 50 is illustrated in FIG. 3 having drive hubs 51 and 52 for driving

the tape media 53 past a tape head 54 (the tape head is in the associated tape drive). As



direction of arrows 106. The vertical novenment of the cart i_}i tEﬁ
vertical novenent of the clutch brings the clutches 105 inéo 3&8%

with the hubs 51 and 52 of the cartridge 50 (see FIG 3) The drive servos
102 causes a notor 108 to rotate the ciaitches 105 to w nd 2 7 N OV 2002
20 and unwind the tape nedia to tension the tape nedia 53. Head servos 110
operate a head positioner 111 to nove a tape head 112 in the direction of
arrows 113 into engagenent with the tape nedia 53. After the tape head is

i N engageitrergispedtitd tHehwindl@ el tapdicartridoel mbanes, trentivookélerartli@de efritte pessdniser vos
110 operate a head servo-nmechanism 122 to nove the tape head 112 vertically
in the directions of arrows 123 while the drive controller and drive servos
102 operiaventionthes aiG8neny dewvice 36 IFeMPESIBY AWREABOTY GireUitemodiie)Bé mpiunted aiiboged i on.
The vertical i novenent of head 112 brings the servo head) and ther ef ore
the data heads, into alignment. In the enbodi nent of FIGS. 6A a

nenory i eTW%E@afém|l%|opﬁééﬁéﬁ\e|%*99 56 of Higecanyifge anddhesePrasie S'E’ﬁé’f P@ﬁiﬁé"ﬂ 101

first positions the nmenory device 35 at the nenory interface 60 by the

insert notion of arrows 104. Durin ub e ert notion of the
Cartr i dg@TaRIes RE B GLEaN A BT 6T B HRAR S B o R arsn s
contact with the menory interface 60. Upon making contact, nenory interface
60 trans gﬁ@ |r°l|.ﬂewc |l ock map fromt ~ the nenory device 35 to the
controll (08 g 88 ol ler 120 conprises a data processor and includes
a nmenory 125. The control | er processor may have the capability of

brocessi ng { he 164 s e kn BRRBoaaREEH fEmoh/YiehBBS 6P hhifo A4 (bAfiHAEES the

devi ce bl ock map over
{

and memory interface input/output circuitry 62. Connectors 63 provide electrical connections
to the conductive bars 43 of the memory device 35 in one of the cartridges to provide a high
speed electronic connection between the memory circuit module and memory interface 60. A
connector 64 provides an electrical connection to the conductive bar 44 and may provide a
ground for preventing electrostatic discharge to the memory circuit module and may identify
the orientation of the module. The memory interface 60 is coupled to a processor by cable 66
(as will be explained) and provides a bidirectional communication with the processor.

FIGS. 5A and 5B illustrate an embodiment of a single reel tape drive 70 which

incorporates the data storage system of the present invention. The tape drive 70 may be



v,

2 7 NO V 2002 21 interface 128 to the host 96 for processing. The host (or

controller) processor then processes the device bl ock nap r
desired host- initiated retrieval read requests into an opz f?n&ﬁ@@@ﬁ?
(e.g., in accordance with the incorporated Bashamet al. application). In
accordance with the present inventioh’ subsequently to positioning the
menory device 35 at the nenory interface 60, the tape nedia is positioned
with respect to the tape head 112 and the servoing of the tape head 112 is
conducig@tddan RBah 1P& hieoé arReparad @ivkoss diealsed abevd. WorehtidnabelerhBhe, t he
transfer of the device block map fromthe nenory device and the processing
of the device block map occurs while the tape drive or | oading nechani sm
posi t i @hthetthee HARANAREE &1da@Er TEadHidids antkéahanist, bpergtesiytdniae seives Boocessor
begins the retrieval reading process inmediately upon the positioning of
the tape nedia. The retrieval reading process is conducted by the

cont r ohioh ri@@suncketridyd 82 irdoand dst affthe tapelddse 706y thamitettioa o atraws §2raedd
and/or witten by tape head 112 and decoded, etc., by data flow 129 and the
data transferred directly with the host 96 over host interface 128. The

| i br ar wither rodvesIti@ cdrtridge iviettigaliyr ertreovesra ¢llitole 23 deigallyrin ther ditectiorFof@rroivs  An
enbodi 2 7 NO V zZ002 22

74. The vertical movement of the cartridge or the vertical movement of the clutch brings the
clutch 73 into engagement with the hub 33 of the cartridge 32 (see FIG. 2A). A tape threader
76 engages the tape cartridge leader biock 34, and, while the drive servos 80 cause a motor
81 to rotate the clutch 73 to release and unwind the tape media, drive servos operate the
tape threader 76 to move the tape media along path 83 past and into engagement with "D"
bearings 84 and tape head 85, and into engagement with a take-up reel 86. After the
threading operation is complete, a drive controller 90 and head servos 92 operate a head
servo-mechanism 93 to move the tape head 85 vertically in the directions of arrows 94 while
the drive controller and drive servos 80 operate motor 81 and take-up reel 86 to move the

tape media in the longitudinal direction. The vertical movement of head 85 brings the servo

head, and therefore the data heads, into alignment.



ment of the picker 20 of accessor robot 18 is illustrated in FIG "8. In
FIG 8, the picker 20 conprises gripper fingers 130 and 132;2v;)1i @ya?ﬁ
operated by two arns 132 and 133. The arns are pulled by s inﬁ 5 92 i
bring the fingers 130 and 131 into enqggerrent with the side surfaces of the
cartridge 50. Simlar grippers may be enployed with the cartridge 32 of
FIGS. 2A and 2B. A cam 138 engages follower 139 to release the cartridge
after it is delivered to the tape drive 12 or storage slot 16. | In the
enbodi nent of IRitia elBbodimentnE G, $Abed BcoemOryiisterfacmb@ i located jpitbetadel e arm
140 so that, upon seating of the cartridge 50 in the picker 20 for )
transporting, the pivotable arm 140 positions the nenory interface at the
menory déva tesathat thetibaslec A1 first @geitiorRethe memegy devida 3sat the amin@y intéréacedifor y
interface 60 transfers the device block map fromthe nenory device 35 to a
controller 144, which may be inplenmented in library controller 31. The
control Pléthelﬂsﬁrb@ﬁﬁmﬁ @@rowsaat g‘-ﬁ'ﬁ"@@@% subsegrentivarticatrastiop ofeh® £grtridgs 32The
controll er processor may have the capability of processing the device bl ock
map. Qtherwise, the controller 144 forwards the device bl ock nmap over
i br ar ythegond Hetive begscef thememory davigr3g wij gnaingpincepi@sk witththe WOWG@?”%‘&
controller) processor then processes t he deV|ce bIock map to order 2 7
Nov 200 t he eswed ost- ini ret rea uests into an
ot i ol By b TG0 cofiroh regman e e e (aers b8 ipuiea Dl et e a1
application). In accordance with the present invention, subsequently to
positi Omeﬂ%n; ngiégeﬁg){oythe controller 90. The controller 90 comprises a data processor and
L )

includes a memory 91. The controller processor may have the capability of processing the

device block map. Otherwise, the controller 90 forwards the device block map over host
interface 95 to a host 96 for processing. The host (or controller) processor then processes
the device block map to order the desired host- initiated retrieval read requests into an optimal
order (e.g., in accordance with the incorporated Basham et al. application).

In accordance with the present invention, subsequently to positioning the memory
device 35 at the memory interface 60, the tape media is threaded and the servoing of the tape
head 85 is conducted to position the tape media for reading and/or writing.

Thus, the transfer of the device block map from the memory device and the



device 35 at the nenory interface 60, the tape cartridge is transported to
the tape drive 12, the cartridge is |oaded and the tape nedia is positioned
for reading and/or witing, as discussed above. Thus, theZtYaNQ‘\érZOf}Zthe
devi ce bl ock map fromthe nenory :devige and the processing of the device

bl ock map occurs while the robot accessor 18 transports the tape cartridge
to the tape drive, and the tape drive |oads the tape cartridge and
positions the tape nedia for retrieval reading so that the processor begins
the retrd [ [ hatigl i ihd It f the tape
o 8. P e M B R e e dr i v 12
under the commands of the host 96, and the data is read and/or witten by

t ape dpbsigordnte tdpe rHadiafor seddimnandion@tingi soabitl tie wiocbsdon®ebins thed@trizver host
interface 147. Two enbodi nents of a nethod in accordance with the present
invention are 24 2 7 NOV 2002 24 illustrated in the flow charts of FIGS,
9 and tendinproddssumoiediatehobipdh iBe pdsitionipg pEibe tapecraediai dbe rétdend reddindher t he
tape drive is located in an autonated data storage library or is a stand

al one tape drive. The tape drive may be that of FIGS. 5A and 5B for single
reel cRracepeigeonductechy thefcopiredier S9aindatthgsomstangsef thedost . epd depedatais
cartridge | oad request 150 is received fromthe host 96. First, in step

151, the
read and/or written by tape head 85 and decoded, etc., by data flow 97 and the data trans-

ferred directly with the host 96 over host interface 95.

FIGS. 6A and 6B illustrate an embodiment of a two reel tape drive 100 which
incorporates the data storage system of the present invention. The tape drive 100 may be
located in library 10 or may be a separate drive, as discussed above. Conventionai elements
of the tape drive include a loader 101, which is a mechanism, operated by drive servos 102,
which moves a two reel cartridge 50 into and out of the tape drive 100 in the direction of

arrows 104 and either moves the cartridge vertically or moves clutches 105 vertically in the

P

direction of arrows 106. The vertical movement of the cartridge or the vertical movement of

the clutch brings the clutches 105 into engagement with the hubs 51 and 52 of the cartridge

50 (see FIG. 3) The drive servos 102 causes a motor 108 to rotate the clutches 105 to wind



tape cartridge is positioned at nenory interface 60. A processor, such as
the host 96, requests that the data bl ock map be read fr t@@smz
device 35 and transferred at the nmenory interface to the%?o step
152. In accordance with the present _jinvention, simltaneously, the
processor processes r the device bl Htk map for optinmal file retrieval order

in step 153 and the tape drive, or the | oader nechani sm positions the tape
media for reading and/or witing in step 154. Thus, in step 155, the

processah ' | @Hdbn krad PEE 'dg&ﬁj 19
posi ti oniuﬁgﬁﬁ&m?ﬁ%ﬂ%@é@é #‘ia%l}‘abnﬁponbggﬁ.g[ et gﬁedo t esair 2t ie(l;b\?g htreggdi ng
and/or witing process, the processor 2 7 NO V 2002 25 issues a

car t rigggomdt 13do HRAYSShpd Redd P12 ke difdiBoR bPARAROT130AISRYabdiferlvithe t O
update the device block map of nmenory device 35 over nenory interface 60,

in step 158. The cartridge is then unloaded fromthe drive in step 159 and

t he cané tapdGeedi£E3!r ARSH the tdpgeendalds A ehgBlShediavithtRd tape nfedi£@Re fromthe
drive. The nmethod of FIG 10 relates to the enbodi ment of the library 10

depicted in FIG t 7. In step 160, the host 96 requests that the library
| oad aoa@sier HRAYend Nedd sgrecs 110cbeatate\echebd. seflteméedHanisiy12Z0totmole the tapk

operates the robot accessor 18 to retrieve the selected cartridge
head 112 vertically in the directions of arrows 123 while the drive controller and drive servos
102 operate motor 108 to move the tape m;edia in the longitudinal direction. The vertical
movement of head 112 brings the servo head, and therefore the data heads, into alignment.

In the embodiment of FIGS. 6A and 6B, memory interface 60 is located in the tape

drive 100 so that the loader 101 first positions the memory device 35 at the memory interface
60 by the insert motion of arrows 104. During any subsequent vertical motion of the cartridge
50, the conductive bars of the memory device 35 will maintain contact with the memory
interface 60. Upon making contact, memory interface 60 transfers the device block map from
the memory device 35 to the controlier 120. The controller 120 comprises a data processor

and includes a memory 125. The controller processor may have the capability of processing

the device block map. Otherwise, the controller 120 forwards the device block map over host



fromits storage slot 16 in step 161. In accordance with the nethod of the
present invention as illustrated in FIG 10, steps 162, 1 e
conducted sinultaneously with steps 165 and 166. Step 162532)3{;&\&@@ cker
20 positioning the cartridge nenory device 35 at the nenory interface 60,
and step 163 conprises the transfer &f the device block map (at the request
of the processor, such as host 96) fromthe nenory device 35 to the
processor, so that, in step 164, the processor processes the device bl ock
Mep T OftePBed P38 fPthe hbLiE B prioBESBINOT Y host (1P cEhtBIkE %roce%sgr therrodBékes26
neously conducted steps conprise the robot accessor 18 noving the cartridge
to the selected tape drive 12 in step 165, and, in step 166, the tape drive
12 posthbidetics Blotk enadpad erdee theaddsired hestdinititend{ievaneid reg@estd s anioptisbep

168, the processor begins the retrieval reading process inmediately upon
the positioning of the tape nedia. Upon conpletion of the retrieval reading
and/ orordei (eigagn peoardanse withethe ircogsxsated Bashars eball agplieationyinl oad request in
step 170. In step 170, the library controller 31 operates the drive 12 to
unl oad the cartridge and operates robot accessor 18 to retrieve the

sel ected cart?® ﬁ‘”ﬂ@r‘f'('tf‘rﬁ@e pregentdpyeption, subsggueppigtrositieriag ie MemMeBsi t i ons
the cartridge nennry device 35 at the nenory interface 60, in step 171, so

t hat the c updat th vice bl ack nma vi.ce, 35 over
oo e S5 s ntrahe 89 R iia medR et PP Wepet e HiS e Svo' i n
step 173, the robot accessor 18, under the control of the library

contr ol a1 31 TRY £ LG of e ibbSiEad 1077 LB oA Pobiisn 82 thss Redl! BEt ed
gt e

st orage sl ot

reading and/or writing.

Thus, the transfer of the device block map from the memory device and the
processing of the device block map occurs while the tape drive or loading mechanism
positions the tape media for reading and/or writing so that the processor begins the retrieval
reading process immediately upon the positioning of the tape media. The retrieval reading
process is conducted by the controller 120 under the commands of the host 96, and the data
is read and/or written by tape head 112 and decoded, etc., by data flow 129 and the data
transferred directly with the host 96 over host interface 128.

The library 10 of FIG. 1 is illustrated in block diagram form in FIG. 7. An embodi-



robot accessor, in step 175, then delivers the cartridge to the sel ected

library storage slot 16. Alternative steps enbodying the f

present invention nay be envisioned by those of skill in ﬁzh&h\? 2d®e7 N O
V 2002 z~ Wiile the preferred enbodi migts of the present invention have
been illustrated in detail, it shoul d“e apparent that nodifications and

adaptations to those enbodi nents may occur to one skilled in the art
wi t hout departing fromthe scope of the present invention as set forth in

t he fol lrﬂ%t%‘?th%l @é@??a{,é@sgbﬁgf’&q@%%é‘%@ %8,;,@ g'at a storage systemfor

use with a tape aving a tape nedra for storing data in a
serpentine pattern, and said tape cartridge having a nenory device for~

storing a devi C | Jurcial] | 4214 NG
interface for tﬂfg@'s? é{rﬁre {Eﬁnﬁ‘%g?é’é’\ﬁfﬁé@gﬁﬁ ner?g?yﬁgerg\?{dc@;wgmtrg%e rfa\Y/eedfor
reading and/or witing data on said tape nedia of said tape cartridge in

sai d serpaioidifs R85 bRE 133 2He bRhs ble'miled By Eprirg 380 BANGltHedPGert 30 dndaB1at

said nenory interface | )
into engagement with the side surfaces of the cartridge 50. Similar grippers may be employed
with the cartridge 32 of FIGS. 2A and 2B. A cam 138 engages follower 139 to release the
cartridge after it is delivered to the tape drive 12 or storage slot 16.

In the embodiment of FIG. 8, the memory interface 60 is mounted on a pivotable arm

140 so that, upon seating of the cartridge 50 in the picker 20 for transporting, the pivotable
arm 140 positions the memory interface at the memory device 35 in the cartridge. Referring to
FIGS. 7 and 8, the memory interface 60 transfers the device block map from the memory
device 35 to a controlier 144, which may be implemented in library controller 31. The
controller 144 comprises a data processor and includes a memory 145. The controller
processor may have the capability of processing the device biock map. Otherwise, the

controller 144 forwards the device block map over library host interface 147 to the host 96 for

processing. The host (or controller) processor then processes the device block map to order



and for subsequently positioning said tape nedia for said readi
writing thereby; and a processor coupled to said nenory mﬂe?foﬁ f

processi ng said device block nmap from said nmenory devi ce upon said
positioning of said tape cartridge at said nmenory interface for optinal
retrieval of said serpentine pattern2data of said tape nedia by said tape
drive for said reading and/or witing thereof. 2. The data storage system
of Claim1, wherein said processor additionally updates said nmenory device
devi ce tlﬁle%glréﬂatﬁbslt'ﬂﬁlﬂat%erﬂ@thé\t/él‘Péhoorfeq§é’s!t§im[c¢&dbﬂ9na?BFUe9'(e Y it ddegrdehceai d
tape nedia by said tape drive, and said nenory interface transfers said
updat ed devi ce bl ock 2 7 NOV 2002 29 map fromsaid processor to said
menory wigtvineanairpsraied Bazpemaantl abpipatior. The data storage systemof Caim
1, wherein said nmenory interface is nmounted at said tape drive. 4. The data
storage systemof Claim3, wherein said nmenory interface transfers said
devi ce bl ock rmpcdardanceawitth the prasgnidevention tsuibsequently toqesdioning shesaiechonape
drive positions said tape media for said reading and/or witing. 5. The
data storage systemof Claim3, wherein said tape drive conprises a _tape
head f ofievieeadfi aighamemsary vvﬁertacragos@ieda%wrﬁa@liSatra;rﬁp@%ﬁdthtt% péeﬂrwﬂage) and

conprises a dri | ve and servo arr angerrent for noving said tape nedia with

respect to said g 8 sai d serpent.ine patt vvgerel n said tape

G ve. pheieaies isiier 256 it aPa mici Pa= o eisadnd sadlRhe R Bt 85ai o t ape

drive is coupled to sald processor for operatlng said tape head and said
discussed above.

Thus, the transfer of the device block map from the memory device and the
processing of the device block map occurs while the robot accessor 18 transports the tape
cartridge to the tape drive, and the tape drive loads the tape cartridge and positions the tape
media for retrieval reading so that the processor begins the retrieval reading process
immediately upon the positioning of the tape media. The reading and/or writing process is
conducted by the tape drive 12 under the commands of the host 96, and the data is read
and/or written by tape drive and the data is transferred directly with the host 96 over host
interface 147.

Two embodiments of a method in accordance with the present invention are

24



drive and servo arrangenent for positioning said tape nedia with respect to
said tape head for 2 7 NO V 2002 30 said optimal retrjeval of said
serpentine pattern data. 6. The data storage system of Cﬂai IN@V Qﬂeaei n
said drive and servo arrangenent of said tape drive additionally
initializes the positioning of said 2epe nedia with respect to said tape
head, wherein said nenory interface transfers said device block map from
said nenory device to said processor as said tape drive positions said tape
medi a lﬁﬁstu%?édjinttﬁeoﬁ’%b%%s @1’%@8‘!‘@%@15 sai d processor processes said device
bl ock map Tromsaid rrenory device as said drive and servo arrangenent of
said tape drive initializes the positioning of said tape nedia wth respect
to said tape i h By i i FHogipattern
data of sai d-r{?‘ggfeaﬁrr@él a llo:?jG g%)I&% ésr?rgeaiﬁr@ggéf grga'svgiféé%rzig%fhﬁgtdggﬁ}sgr writing
t her eof . Z 7 NO V2002 31 7. A data storage systemfor use with a tape

cartri gdested fvamautdmb e diE SiofadeQibrail OF isntOstalit Aomdtape FAVNETHE RReRAEErn, and
said tape cartridge having a menory device for storing a device bl ock nmap

for said tape nmedia, conprising: a nenory interface for transferring data
wi t h smiag bethva o FIiESi5rearaf 5B fardsirigiepreel cartridges or that of FIGS. 6A and 6B for two

reel cartridges.

A cartridge load request 150 is received from the host 968. First, in step 151, the
tape cartridge is positioned at memory interface 60. A processor, such as the host 96,
requests that the data block map be read from the memory device 35 and transferred at the
memory interface to the processor in step 152.

In accordance with the present invention, simultaneously, the processor processes
the device block map for optimal file retrieval order in step 153 and the tape drive, or the
loader mechanism positions the tape media for reading and/or writing in step 154. Thus, in
step 155, the processor begins the retrieval reading process immediately upon the positioning
of the tape media.

Upon completion of the retrieval reading and/or writing process, the processor



cartridge; a tape drive for reading and/or witing data on said tape nedia
of said tape cartridge in said serpentine pattern; a | oadi } for
first positioning said tape cartridge at said nenory i nter?gcgﬁi\qgﬂ‘)@?
subsequently positioning said tape nedia at said tape drive for said

readi ng and/or witing thereby; and a % ocessor coupled to said menory

interface for processing said device block map fromsaid nenory devi ce upon
said positioning of said tape cartridge at said nmenory interface for

opti mal ; i . i j at-ter J ; i
coi d e pESRHA0e WPl RIS AR BlRoccRlh le St digPS R
32 8. The data storage systemof Caim?7, wherein said processor
additio i ' ' : n ion of
PR R L R Bttt it M R RS R b L )
menory interface transfers said updated device Mock map from said processor
to sai d igERMUNIGEAEY FBmahe BRVEl N B8 168 BAd tHéRrtridoe rERENERIANS liBbASRoRYSE em of
Claim 7, wherein said nenory interface is nounted at said | oading _
mechani sm 10. The data storage systemof Claim9, wherein said nenory
i nt er f acwotior anemeved Behthel@wece bl ock map from said nenory device to said
processor as said | oadi ng nmechani sm positions said tape nedia for said
readi ng and/or writing.

The method of FIG. 10 relates to the embodiment of the library 10 depicted in FIG.

P

In step 160, the host 96 requests that the library load a cartridge in a specified drive

12. The library controller 31 operates the robot accessor 18 to retrieve the selected cartridge

from its storage slot 16 in step 161.

In accordance with the method of the present invention as illustrated in FIG. 10,

steps 162, 163 and 164 are conducted simultaneously with steps 165 and 166. Step 162

comprises picker 20 positioning the cartridge memory device 35 at the memory interface 60,

and step 163 comprises the transfer of the device block map (at the request of the processor,

such as host 96) from the memory device 35 to the processor, so that, in step 164, the

processor processes the device block map for an optimal file retrieval order. The simulta- '



—

11. The da]Ea storage systemof Claim9, wherein said tape drive conprises a
tape head tor reading and/or witing said tape nedia of sajd,t

cartridge, and conprises a drive and servo arrangenent for?g?)ﬁbgl S?.QQZ
media with respect to said tape head in said serpentine 2 ~ N ov 2002 33
pattern, and wherein said | oadi ng neclgani sm positions said tape cartridge
at said tape drive, and thereby said tape nedia at said tape head, and
wherein said tape drive is coupled to said processor for operating said
tape harduaipdosd L . rangenment for positioning said tape
media with ?especcﬁef%béifg 'é é%gﬁ%goa{:’gﬁ ?g‘fe%g%fi BRETHEE el 999\937‘9 geleatapd
serpentine pattern data. 12. The data storage systemof Claim 11, wherein

rpent | . stem of Qaim:
il ee e BN T g et f2e. et 8RR £ dofioRlod i Boe din i ape

head, wherein said nenory interface transfers said device block map from
sai d neeading SeybOWriting. SRHUY, iR ' i chani sm posi tions
sai d tape c%rtri dge ngt Slgigigﬁlﬁt%‘ﬁfﬁ?m@og%ég%%tﬁgéaf'%lvagfei?g@gs%’cess
processes said device block map fromsaid nenory device as said drive and
servo dnmadigeateaponcthe pasitloning of b itaise mBiiki al i zes the positioning of said
tape - nmedia with respect to said tape head for said optimal retrieval of
said serpentine pattern data of said tape nedia by said tape drive for said
readi ng and/ obPR FeMpigtiarnefitee fetrievapreadMgand/or OGiting process, the processor

issues a library unload request in step 170. In step 170, the library controller 31 operates the
drive 12 to unload the cartridge and operates robot accessor 18 to retrieve the selected
cartridge from the tape drive 12. The robot accessor 18 positions the cartridge memory
device 35 at the memory interface 60, in step 171, so that the processor updates the device
block map of memory device 35 over memory interface 60, in step 172. Simultaneously with
steps 171 and 172, in step 173, the robot accessor 18, under the control of the library
controller 31, moves the cartridge from the tape drive 12 to a selected storage slot 16. The
robot accessor, in step 175, then delivers the cartridge to the selected library storage slot 16,

Alternative steps embodying the method of the present invention may be envisioned

by those of skill in the art.



34 13. A data storage library for use with a plurality of tape cartridges,
each said tape cartridge having a tape nedia for storing daﬁ IN@/
serpentine pattern, and said tape cartridge having a nmenory Zv fZDUZ
storing a device block map for said tape nedia, conprising: a plurality of
storage slots for storing said tape card7ri dges; at |east one tape drive for
readi ng and/or witing data on said tape nedia of said tape cartridge in
said serpentine pattern, and for positioning said tape nedia for said

readi ng and/ or pting thereby: a nmenory interface for transferring data
with said rrermr\)%lééelnegoée% fe@ﬁ@?%‘éﬂ%a the persent iaventipphave brandiustrateldan

novi ng said tape cartridges anongst said storage slots and said at |east

one t apedétail, i€hodR Kb i - firs Qsi.t i oni sai d tape cartridge
at said nemory int erf%@g?édstg?%%gﬁﬁ%ggég %wteaq%g%gorg,srqo\;ﬁoo’mmmtway
positoning said tape nedia for said reading and/or witing; and a processor
coupl ed oaustd she@KiRHYn tHat £ fvitksut liBparm | | eylce bl ock map from
said nenory device upon said positi B?]i ﬁgﬁgﬁ]%gglg@gac’géﬁc%ﬁ%tHB’@nbjﬁn %’%"?ﬂ
menory interface 2 7 N OV 2002 35 for optimal retrieval of said

ser pent i iegh frathedoliowdag elainfs. sai d t ape nedia by said tape drive for said
readi ng and/or witing thereof. 14. The data storage library of Caim13,
wherein said processor additionally updates



said nmenory device device block map upon conpl etion of said readi ng and/ or
witing of said tape nedia by said tape drive, and said mezn?y Q\L?ﬁ@e
transfers 'said updated device block map from said process tN i nory
device of said tape cartridge. 15. The data storage library of Caim 13,
mhereiqaigggsnennry interface i s nounged at said robotic accessor. 16. The
data st library of daim15, wherein said nenory interface transfers
sai d device block map from said nenory device to said processor as said
roboti g accessor noves said tape cartridge tao said tape drive. 7 N OV
2002 36" 17. T%Qa?aﬁtafagﬁéyﬁa@ @F&Bsrea‘?’&u‘ 3fa Cﬁﬁﬁ?%eg*)a" 7 BR medifor 8%’8”%” ve
conprises a tape head for reading and/or witing said tape nedia of said
tape c ri ) i Y VO ar t : ing said
tapo modein i 2B, SiEsd Mesien0as PRI, BebRRRSRE ro! SbnfY | M 0
wherein said tape drive positions said tape nedia at said tape head, and

wher ei Regigk BiocRPfagibl ¥&id tebeGREA &SnigPisingl d processor for operating said
tape head and sai rive and servo arrangenent for positioning said tape

media with respect to said tape head for said optimal retrieval of said
serpenti ne pahnheimorgdaitérfackdor trArafatangidstt withgaidayeahemdelicé] ai m 17, wherein
said drive and servo arrangenent of said tape drive additionally
initializes the positioning of said tape nmedia with respect to said tape
head, wher ei nataneddriverfor rgading @nd/qe writing¢ris on Saiddane wedin o s@if tane caapidae om
said nenory device to said processor as said robotic accessor noves said

tape cartridge to saidtaape . . . . .
in said serpentine pattern, and for first positioning said tape cartridge at said memory interface

and for subsequently positioning said tape media for said reading and/or writing thereby, and
a processor coupled to said memory interface for processing said device block map

from said memory device upon said positioning of said tape calrtridge at said memory interface

for optimal retrieval of said serpentine pattern data of said tape media by said tape drive for

said reading and/or writing thereof.

{ - 2. The data storage system of Claim 1, wherein said processor additionally updates
said memory device device block map upon completion of said reading and/or writing of said

tape media by said tape drive, and said memory interface transfers said updated device block



drive, and wherein said processor processes said device block map from said
menory device as said drive and servo arrangenent of said é 6 jve
initializes the positioning of said tape nedia with respec aﬁ‘l U&Uﬂ&pe
head for said optimal retrieval of said serpentine pattern data of said
tape nedia by said tape dove for saiggreading and/or witing thereof 2 ?
N O V 2002 37 19. A nethod for accessing data stored in a tape cartridge
for reading and/or witing said data, said tape cartridge having a tape

media for storing said data.in serpentine. patter saldtape cartridge
havi ng 3 Przrﬂﬁ‘ri? BPLRLS05 %?E?"ﬁﬂﬂ'eglotﬁfégg‘ﬂ%e ?ﬁ%@ﬁa%ﬁa’ﬁs’? sai d serpentine
pattern stored data, conprising the steps of: positioning said tape
cartridge at a nmenory interface which transfers data with said nenory
device; transferring said stored device block map fromsaid nmenory device
at said nenory interface to a processor; said processor processing said

device pl ock rmy JHPSrR}e 59@%&0@% Géhdr@h saiBtmdmdry fritdrfdceVeoGhted @t d
serpentine pattern stored data of sai d tape media for said reading and/ or

writing thereof; and positioning said tape nmedia for said reading and/ or
Wi ti ngs#d t@@idalivg,er pentine pattern stared data. 20. The nmethod of C aim 19,
conprising the additional step of:

4. The data storage system of Claim 3, wherein said memory interface transfers said

device block map from said memory device to said processor as said tape drive positions said

tape media for said reading and/or writing.

5. The data storage system of Claim 3, wherein said tape drive comprises a tape head
for reading and/or writing said tape media of said tape cartridge, and comprises a drive and
servo arrangement for moving said tape media with respect to said tape head in said

{ serpentine pattern, and wherein said tape drive positions said tape media at said tape head,
and wherein said tape drive is coupled to said processor for operating said tape head and said

drive and servo arrangement for positioning said tape media with respect to said tape head for



Z 7 NO V 2002 38 upon conpletion of said reading and/or witing, updating
sai d device block map of said nenory device. 21. The nethod of Caim19,
wherein said tape cartridge is stored in one of a pluralit f I

slots of an autonmated data storage |library having a roboti ? gc'ggs\g(mﬁm
novi ng sai.d tape cartridge anongst sajgd storage slots and at | east one tape
drive, said nethod conprising the additional initial step of said robotic
accessor noving said tape cartridge to said tape drive, and wherein said
menory interface is at said robotic accessor, and said steps of positioning
sai d t a3 erlingliretgevalof saif gerpertig Patiefi#tace, and of transferring said
stored device block map from said nenory device at said nenory interface to
a processor; are conducted during said initial step. 22. The nethod of
Claim 21, conprising the additional steps of: upon conpletion of said
reading and/or witing) positioning said tape cartridge at said nmenory
nterfage: A dudMoriZ, Sdiid ClaRl £GRRAGH sHBUAYE B SG aRENddRerbPCk MBp
of said nenory device; and sald roboti'c accessor noving said tape cartridge
fromsaid tape drive to one of said plurality of storage slots.

said tape drive additionally initializes the positioning of said tape media with respect to said
tape head, wherein said memory interface transfers said device block map from said memory
device to said processor as said tape drive positions said tape media at said tape head, and
wherein said processor processes said device block map from said memory device as said
drive and servo arrangement of said tape drive initializes the positioning of said tape media
with respect to said tape head for said optimal retrieval of said serpentine pattern data of said

tape media by said tape drive for said reading and/or writing thereof.
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device block map from said memory device to said processor as said loading mechanism

positions said tape media for said reading and/or writing.

1. The data storage system of Claim 9, wherein said tape drive comprises a tape head

Rt

for reading and/or writing said tape media of said tape cartridge, and comprises a drive and

servo arrangement for moving said media with respect to said tape head in said serpentine
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and/or writing thereby;

a memory interface for transferring data with said memory device of said tape
cartridge;

a robotic accessor for moving said tape cartridges amongst said storage slots and
said at least one tape drive, said robotic accessor first positioning said tape cartridge at said
memory interface, said at least one tape drive subsequently positoning said tape media for

( said reading and/or writing; and

a processor coupled to said memory interface for processing said device block map

from said memory device upon said positioning of said tape cartridge at said memory interface
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14. The data storage library of Claim 13, wherein said processor additionally updates
said memory device device block map upon completion of said reading and/or writing of said

tape media by said tape drive, and said memory interface transfers said updated device block

( ' map from said processor to said memory device of said tape cartridge.
15. The data storage library of Claim 13, wherein said memory interface is mounted at
said robotic accessor.
16. The data storage library of Claim 15, wherein said memory interface transfers said
{ device block map from said memory device to said processor as said robotic accessor moves

said tape cartridge to said tape drive.
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servo arrangement for moving said tape media with respect to said tape head in said
serpentine pattern, and wherein said tape drive positions said tape media at said tape head,
and wherein said tape drive is coupled to said processor for operating said tape head and said
drive and servo arrangement for positioning said tape media with respect to said tape head for

said optimal retrieval of said serpentine pattern data.

18. The data storage system of Claim 17, wherein said drive and servo arrangement of
said tape drive additionally initializes the positioning of said tape media with respect to said
tape head, wherein said memory interface transfers said device block map from said memory
device to said processor as said robotic accessor moves said tape cartridge to said tape
drive, and wherein said processor processes said device block map from said memory device
as said drive and servo arrangement of said tape drive initializes the positioning of said tape

media with respect to said tape head for said optimal retrieval of said serpentine pattern data

of said tape media by said tape drive for said reading and/or writing thereof
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19. A method for accessing data stored in a tape cartridge for reading and/or writing

said data, said tape cartridge having a tapehmedia for storing said data in a serpentine pattern,
said tape cartridge having a memory device storing a device block map for said serpentine
pattern stored data, comprising the steps of:

positioning said tape cartridge at a memory interface which transfers data with said
memory device;

transferring said stored device block map from said memory device at said memory
interface to a processor;

said processor processing said device block map from said memory device for
optimal retrieval of said serpentine pattern stored data of said tape media for said reading
and/or writing thereof, and

positioning said tape media for said reading and/or writing of said serpentine pattern

stored data.

20. The method of Claim 18, comprising the additional step of:
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said memory device.

21. The method of Claim 19, wherein said tape cartridge is stored in one of a plurality of
storage slots of an automated data storage library having a robotic accessor for moving said
tape cartridge amongst said storage slots and at least one tape drive, said method comprising
the additional initial step of said robotic accessor moving said tape cartridge to said tape drive,
and wherein said memory interface is at said robotic accessor, and said steps of positioning

said tape cartridge at said memory interface, and of transferring said stored device block map '

from said memory device at said memory interface to a processor, are conducted during said

initial step.

£ 22. The method of Claim 21, comprising the additional steps of:
upon completion of said reading and/or writing, positioning said tape cartridge at

said memory interface;
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said robotic accessor moving said tape cartridge from said tape drive to one of said

plurality of storage slots.



