;e3e88t6PT|12 7 N O V 2002 *~~Z* 1 RETRI EVAL OF SERPENTI NE PATTERN DATA

USI NG A N@@m OF A TAPE CARTRI DGE TECHNI CAL FIELD i This invention
rel at es ! al of data stored on tape nedia, ) f

particul a 0 ;he speed of accessing and optim zed rz]?i Mmmo%ata
storedlnas nti ne pattern on tap€e! nedia. 27 NOV 2002 2

BACKGROUND OF THE | NVENTI ON Tape data storage is typically used for backup,
archival, and/or sequential data processing purposes. Exanples of
sequenti al processing are batch 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
rel atively sinple, noviagrkesgid Uk ReRe¥naheNGaherkapgrdedia in a
sequential manner. In the data processing industry, tape nedia is known for
storing large quantities of data in parallel tracks which extend
longi tudinal Iy of they$inesa MEMOREDEMEETF hanwE ¢dRMRID&ape formats for
storlng 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" directions. For exanple, the I1BM 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 indexing the tape heads

| aterally of the tape nedia, a pr?ﬁgﬁﬁléﬁ@ﬁéﬁ) very rapid as conpared to
searching the length of the tape

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.
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2 7 NOV 2002 3 A serpentine longitudinal tape drive records data on a wap
(atrack in a single direction) or a set of waps in one direction along a
| engt h of the serpentine |ongitudinal tape nmedia. Then, Q@? N@pﬁ 02&3
shifts its recording heads laterally of the tape nedia a snmall distance and
reverses the tape direction to record another wap or set of waps in the
opposite direction along the length of the tape nedia. The tape drive
continues these operations back and forth al ong the serpentine |ongitudinal
tape nmedia until all of blo ' i nce the physi cal

| ocations of the data b|ock§¢?§§%¥?§§?é§fﬁvgghgﬁﬁqVﬁg tape nedia 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
nost |likely not the optinmal order of retrieval. Indeed, for data recorded
on tape nedia in a serpentine pattern, the retrieval of blocks of data
spaced rel ati vetapd @dta 8dtdde i9 typidafy LgdEfobadkup, éfaiiVal,rmrtsegnergi@D@e&hy
sub-opti mal performance, if the blocks of data are retrieved in sequenti al
order with respect to the order they were witten. Various techni ques and
syst ens @ricessing punpesas. dixagptiest of sequantidl precessiagiang balah apdatmgof nizstar fileSV
2002 4 a tape nedia in a serpentine pattern. The incorporated Basham et al.
application illustrates a nethod enpl oyi ng a device bl ock map for

det er m nPhEataRRBINGE MWhere A4eries et aggregated inaeriympiate segentiglssar phihedate a
serpentine pattern on a tape nedia. The speed of initial access to the data
stored i, a_serpentine eyn is relativel l.ow, hgwever. |n.tape drives
for dat a [E SRR PUic aLeTaar fofn appbeping fechrBy patadiR been o uisd Skl
typically conprises both servo and data heads which are parallel and spaced
apart a gy iBngitudinally 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.



anount. A servo systemin the tape drive enploys the servo heads to foll ow
servo tracks on the tape nedia, while the data heads read a i ata
on the data tracks. Al so, when the serpentine data tape nedzg7ﬂSCp¢|szZj
cartridge, a period of tine is required for | oading the tape cartridge into
the drive. Once the cartridge is Ioadéﬁ, an additional period of tine is
required 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 arrangengn jnitial g ! L : 1a W th
respect tot hﬂ%epré@%@%&&_ Ag?h?'éaé%gn%gﬁ%z%k&rr@gidh{é%tnﬁgew{%g(gtn%gﬁbﬁg'h?lﬁal ly
whil e the servo arrangenent adjusts the lateral positioning of the tape
head SO dirgktion)N¥r@ 36t 30RrapR it B ditdt@ios Blong aheffh bth@sBRRAING BhyiEAREI MbEh t he
desired servo track and the data heads) 1s aligned with the correspondi ng
data wwap (or group of waps). In a single reel tape cartridge the device
bl ock napedia. TYiphaaé kapeadrive Riffsairecirdigg bbadsiatetallpef thehsse matiaer srhdie t ape
| eader has been | oaded by threading, and the servo head has been properly
al i gned, the tape data head reads the device bl ock map and a processor
pr ocessegistahee amd ieyersieb tuktape pirectioni teveasrd admhdrvaapronsetddwaapsdo theeval
request to optimze the retrieval order. In a reel-to-reel tape cartridge
(or cassette), the device block map is typically at the m dpoint of the
| engt h oPPROs{RJiERrYop Blong 4he lepatheot thee tapg msdiay the tape duREer RIS t ape on
each reel. Thus, after the tape or tape head has been noved, typically in a
directio I C i roximt) t her,
and t he S oS Roat phd AR Beersithd BRG il BoP rR i ol GBI B T he
evi ce bl ock map and a processor processes the device block map in view of
the i ncogathGrdati@ed etrieval request to optimze the retrieval order. |If the
cartridge is stored in an automated tape library, such as an | BM 3575 Tape
Li brary Dataserver, a still further anount of tinme is required to retrieve
the cartridge fSima 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



2 7 NOV 202 6 storage slot and nove the cartridge and deliver it to the
tape drive. SUMVARY OF THE I NVENTION It is an object of the present
invention to increase the speed of accessing data stored En;e[\]@éﬁ@ﬂz ne
pattern on a tape nedia, while achieving the optim zed retrieval of such
data. Disclosed is a data storage systdmfor use with a tape cartridge
having a tape nedia storing data in a serpentine pattern, and having a
menory device for storing a device block map for the tape nedia. The

st orage . Fy | f : i ' nory
devi oo angrs Fddig oOBERe Rah  SRE kel hosRam AR, “Bhatld futiBRelE
The tape drive, or a |oading nechanism first positions the tape cartridge
at the MRRMHOY dib&)idP4 Bevied Blosk RBB dseEdnhimag inel PBmizeh @rdcrRerdtming & of
reading and/or witing. A processor is coupled to the nenory interface and
processes the device block map fromthe nenory device for optimal retrieva
of the sdatpatdred® pedrpetitmedaittarrodn & tepetragdianedi a by the tape drive. The Z
7 N OV 200 transfer of the device block map fromthe nenory device and the
processi ng of the device block map occurs while the tape drive or |oading
mechani sm posi tThespeet of iniabacness tp therdatestaieddn 8 serpeatina paitepr isdelstivaly begi ns
the readi ng process i medi ately upon the positioning of the tape nedia. In
anot her aspect of the invention, the tape cartridge is stored in one of a
pl ural i t §O¥f heW)¢eEge slots of an automated data storage library having a
robotic accessor for noving the tape cartridge anongst the storage slots

and at least o driv Jnitial .. r.obot i ¢ ves
the tape oart rIBGEEM BRI e Ao b Y eyl Bt BF o0 R RNl
robotic accessor, and the tape cartridge is positioned at the nmenory

i nt er f acgpféfy &&mprid@s 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 follow 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



nove) and the stored device block map is transferred fromthe nenory device
at the nenory interface to the processor, also during the e r

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

acconpanyi ng draw ngs. BRI EF DESCRI PTI®N OF THE DRAWNGS 2 7 N O V 200Z 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 sin - ' n i i | he
Ut ot e B L e S A b Tt K P o
reef tape cartridge having a nenory device enployed in the automated data
st or age dlighédwith B doh&spohdingldata #rdpS(oRgdup@f wrapa).i ¢ 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 agr ans!mod siagle eed) tabeneamtridoé the deye bdtvakvean in typicadly dithe degintihgohe
present invention, for a single reel tape cartridge; FIGS. 6A and 6B are

di agrammatic representati ons and bl ock diagrans of an enbodi nent of a tape
drive i dhatapsr danealer the tepe legaachasibaen eaded by threading angdne easyo hegsthas
cartridge; z 7 Nov ZooZ 9 FIG 7 is a block diagramrepresentation of an

enbodi ms‘brzaten(|):)fropaer y%h‘én%r&? %qageaéaata 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

—ta

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



storage library of FIG 1; FIG 8 is a plan view of an enbodi nent of an
enbodi nent of a robot gripper enployed in the automated dat s& g
library of FIGS. 1 and 7; and FIGS. 9 and 10 are fl ow chartﬁ?d Ej‘itfw
alternative enbodi nents of the nethod of the present invention. DETAILED
DESCRI PTI ON OF THE I NVENTION This invéntion is described in preferred
enbodi nents in the follow ng description with reference to the Figures) in
whi ch i ke nunbers represent the sane or simlar elements. Wiile this

i nventi gBrdgs s%%ﬁa'n#eﬁg tﬁ&cérﬁrdg& aﬁEI dbh;%rh%%herfgp@drw achi eving this

i nvention's objectives, It be appreciated by those skilled in the
art that variations nmay be acconlpllshed in view of these teachings w thout
deviating fromthe spirit or scope of the invention. Referring to FIG 1,
an enbodi ment of an automated data storage library 10 is z 7 No v zoos
10 illustrated enploying the data storage system of the present invention.
The invention is equally ap@UMMBRY @b THEJNVENTV@N not | ocated in

| i braries, and nay be advantageously em pl oyed to speed the access to data,
for exanple, by tape drives with cartridges in automated cartridge | oaders.
However, tine to data is of greatest criticality in autonmated data storage
| ibraries. The automated data storage library 10 includes a plurality of
tape drives 1 f or and/or writi on dla) such
he"Si ngl o1 eellt BARGRFCT BN RegsAR MESHIRRE REFAST fapelBp desfie goa; | ape
media 14 are stored in banks or groups of storage slots 16. Tape nedi a may
enconpa, r t :

car 1] dao ekt piEh Bn HpS B, e SRS obinfEBaNGle: SR

{vari ous fornats For universal reference to any of these types of nedia,

‘t he terogaa’tape nmedi a" or "nmedi a" are used herein, and any of these types
of containers are referred to as "tape cartridges" or

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



"cartridges" herein. An accessor robot 18, including a cartridge picker 24
and a bar code reader 22 nounted on the picker, transport

cartridge 14 between a storage slot 16 and a ~ 7 N CN'ZSdETiﬁhgngz 12.
An exanpl e of an autonmated data storage library 10 is the I BM 3575 Tape

Li brary Dataserver, which stores nmagnétic tape cartridges and enpl oys 3570
tape drives. The library 10 also includes a |library controller 31 which
conprises at |east one mcro-processor. The library controller may serve
both toyRAGY &?h% ngi%eﬂt\ﬂg{kt fABY B thé feRfdlhy B&idd dHaahY pRRREsdifly 60RE elics he
library. Typically, e library controller 31 conprises at | east one data
processor and suitable nmenory and data storage capability to control the
oper at i aRcR mabRcliisRiRE Yhel@pe Fhes bii 1BAdii meBHnised b&Nitiohd tHEMAPE Ggdid R any

sui tabl e m croprocessor; such as an | BM RSI 6000 processor. The library
controller 31 controls the actions of the accessor robot 18. The conven

ti onal leddirgrsp thatthe prdcessds begias thet readiog pecessdmniadaiglh upoptheviodiidningoér f ace
to one or nore host processors, which provi des commands requesting access
to particular tape nmedia or to nedia ( in particular storage slots. The
host, efheHapediediget|y, or through the library controller, controls the
actions of the data storage drives 12 (through their associ ated

con 01 =) RIS RS FRNS, BPlr ool AR S,

selected tape nedia are typically transmtted directly between the drives

12 and . L N . . :
42, 300 e s TS lioBEPA R BEF el Bory ol § KRLAEbobsB HBERAMS
tape cartridges in the appropriate storage slots 16 and

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

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

BRIEF DESCRIPTION OF THE DRAWINGS



for maintaining the inventory of the tape cartridges. The accessor robot 18
typically includes servos, notors, arns, the picker 20 wyt \ ,
sensors and ot her robotic, nmechanical and el ectrical eqyjn&owzﬁpzrform
functions that include (at |east) the accessing and transporting of tape
medi a between and anong the storage sBots 16 and the tape drives 12. As
descri bed above, the speed of access to a cartridge stored in an automated
tape library, such as an I BM 3575 Tape Library Dataserver, is limted by
the amount of time required to retrieve the cartridge fromits storage sl ot
and nove the cartridge and deliver it to the tape drive. Then, the
cartridge is loaded into the tape drive. Once the cartridge is | oaded, an
addi tional per f dia so
That 16 15 | oot Py B o e e o T e
stores data in a serpentine pattern, the speed of initial access to the
dat a i sprdsem@Avenrier further. 2 7 NOV 2002 13 In tape drives for data
stored |n a serpentine pattern on a tape nedia, the tape head typically
conprises both servo and data heads which are parallel and spaced apart a
certai n anobuntFIGS. 2Arand 2Byareeaspactivdieplibajped dide vewsmilasjrald feel mee cortlidgmds t o
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 proximty to the
t ape hehavingamandig deyee eogloyed in the automated date gtorage librasy obbl&. dr i ve servo
arrangenent to initialize the positioning of the tape media with respect to
t he tape head. _This conprises noving the tape longitudinally while the
servo arrangeneff 34%ip pAnyiawef @ H’l’%‘fe&| tape sprtidgginaying @ rogreory Aexicn eawplaysdt hat
the servo head is properly aligned with the desired servo track and the

¢ .
dat a hea al i with the c ondi ng data wap (or group of

W aps) . %—'ﬁ*“i’m ‘%"ﬁ@ SIQragfhiRsARY ‘§§:§£ tape head laterally with respect to
the tape media, can the device block map be read and the method of the

i ncor por at ed ﬁ%&hﬁr% ?tdua% a Bﬁ)éll g ﬁeﬁ'% A g5k i 9£§p4e céiégg?gﬁﬁtogﬁwe{ﬁlt ock

map for determning inze retrievrn stored
in a serpentine pattern on a tape nedia. In a single reel tape cartridge

the devigfs minRF¥KintEHack eripdYeddh the pésdnbmveR@innni ng of

FIGS. 5A and 5B are diagrammatic representations and block diagrams of an
embaodiment 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;



the tape. Thus, after the tape |eader has been | oaded by threading, and the
servo head has 2 ~I NO V 2002 14 been properly ali gne& t&ﬁj\téamata
head reads the device block map and a processor processe ?h \ bl ock
map in view of the incomng data retrieval request to optimze the
retrieval order. In a reel-to-reel tap@ cartridge (or cassette), the device
bl ock map is typically at the mdpoint of the |ength of tape and the
cartridge is stored with an equal anmount of tape on each reel. Thus, after
the tape or tapf;head fiak HegamTRYRAentaleH S@n omiddairderlof 86 biBMmaley dgh to
the surface of the tape, I1nto proximty to each other, and the servo head
has been properly aligned, the tape data head reads the device bl ock nap
and a praGags Mralf #FeSses the device block map in view of the inconing data
retrieval request to optimze the retrieval order. "Retrieval" of data
records primarily conprises the reading of the records. However, retrieval
for the purposei®fs keasamgiedtd ahketbodiriert bf agerbediventraiaaobdt dribperr ecor ds,

or for witing over one or nore of the records is possible. Hereinafter,

al t hough reading is enphasized, thet "retrieved" records nmay be read

and/ or vemgidy=a.in THecapoesated tdatansterzige dibraeypl RIGS. & ang@praypddevi ce, such as
menory circuits as discussed in U S. Patent No. 4,338,644, Staar, to store
a device block map. FIGS 2A and 2 7 NO V 2002 15 2B illustrate a single
reel magnetic FHpS Sand 10 drgcfic®ochaaisidegictinglaiterrativa lend@diaremtsaof| then chethddl afc k
34. A nenory device 35 conprising a nenory circuit nodule 36, such as an
EPROM sem conduct or nmenory chip, nounted on board 37 is |ocated at the edge
40 of t HbBe pEgseptigwRNtiomhe opposite side of board 37 conprises a plurality of
gonductive bars 43 and a conmon conductive bar 44, which provide external

él ectrical connections to the nenory circuit nodul e

DETAILED DESCRIPTION OF THE INVENTION

This invention is described in preferred gmbodiments 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
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




36. The conductive bars 43 provide a high speed el ectronic connection
between the nenory circuit nodul e and connecting term nals Saiirh |

expl ai ned, and the conductive bar 44 may provide a ground 20? N\ﬂs\(/mg

el ectrostatic discharge to the nenory circuit nodule and may identify the
orientation of the nodule. Alternati V@ nmenory devices 35 may be enployed in
accordance with the invention, such as a rewitable magnetic chip, or other
types of electronically alterable read only nmenory chips. Alternative

ext er nafy i BRAGR sy stBRCH ifRhsh. Uthd ihv@fliondich as an
LED trans?%’gﬁagerq’}é@@z% E\?gr(fabag?t ot hes}rﬁSttypestﬁeoF?@%errgxi mty cormun?ggt ?écJ)ns. A two
reel cartridge 50 is illustrated in FIG 3 having drive hubs 51 and 52 for
dri vi ngedubily 4miieatied @pdIrinastiot dodatdrein librades 4nd ey Hecauivah@@dolsty ém- t he
associ ated tape drive). As 27 NOV 2002 16 with respect to the single
reef tape cartridge, above, the two reel cartridge of the present invention
has a noyedyto dpeedibe 2Bcessnp dati, foy exampienby tape doves withhcariridgss innmutermatédon
board 37. The board 37 is |ocated at the edge 56 of the cartridge, and the
opposite side of board 37 conprises a plurality of conductive bars which
provi decaEiegs iearers| oweven timedn dataip ghgregtest HiCanvraptemated detaiiergre 36.
FIG 4 illustrates an enbodi nent of a nenory interface 60 having fixed
term nqlbs 61 and nmenory interface input/output circuitry 62. Connectors 63
pr ovi de'®8"&Ctri cal connections to the conductive bars 43 of the menory
device 35 in one of the cartridges to provide a high speed el ectronic

ti b S | i 0. A
connector 64 o Beniibied B clockud fitaly SRSV ARTRH e ThEEs 22908 44 and

may provide a ground for preventing electrostatic discharge to the nenory
tirouit ,%r@@é’diﬂ?&r&d/gﬁﬂﬁﬁﬁgyor{taﬁe RHeldRN b8t sifle tdEE PRSI mddHRetigeNOr Y
pl e

interface 60 is cou to a processor by cable 66 (- (as wll be

expl ai ned) and provides a bidirectional comunication with the processor.
FI GS. SApanartisiges! Ausdinabty of tape emduiiad 1 4reret stored & Isankg loe graepk of sipmgersiote 16.0
whi ch incorporates the data storage system of the present invention. The

tape drive 70 may be . .
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

‘ "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



2 7 NOV 2002 17 located in library 10 or may be a separate drive, as
di scussed above. Conventional elenents of the tape drive 4nrgch ader
71, which is a mechani sm operated by drive servos 80, mﬂzgﬁhﬁggezogg !
cartridge 32 into and out of the tape drive 70 in the direction of arrows
72 and either noves the cartridge vertically or noves a clutch 73
vertically in the direction of arrows 74. The vertical novenent of the
cartridge or the vertical novenent of the clutch brings the clutch 73 into
engagengiie Y th the hub 33 of the cartridge 32 (see FIG 2A). A tape
t hreader 76 engages the tape cartridge | eader block 34, and, while the
drive servos 80 cause a notor 81 to rotate the clutch 73 to rel ease and
unwi nd the tapg, BR&hae o@'ﬁh UBtorRitatPSatl RRIAJLILALP 10 AP lBUCATS Tape LiRargoVve
the tape nedia along path 83 past and into engagenent with "D' bearihgs 84
and tape head 85, and into engagenent with a take-up reel 86. After the
thr eadi DatzRBRIGAIWIIEN §1SrdsaRRdRkiB tapd ¢HHridGeLaHY Sridibyy 3570 tapidiead servos 92
operate a head servo-nechanism 93 to nove the tape head 85 vertically in
the directions of arrows 94 while the drive controller and drive servos 80
oper at e notor Bie aryttkasaipciuded a 8branyocantrotertdMevitickpeonmerides at leastiome
| ongi tudinal direction. The vertical novenent of head 85 brings the servo
head, and therefore the data heads, into alignnent. Z 7 Nov Zoo2 1n the
embodi mEngrogroqessss. Wik lipnaty sentratienmeay spivedotiloeradde thelirnueatasyiof the entivet ape
drive 70 so that the |loader 71 first positions the nmenory device 35 at the
menory interface 60 by the insert notion of arrows_72. During an
SubsequibEN @R Peanteiine dhrabh TRicalths fhyge csprollen a1 amatissial Eakere &2t e
frenory device 35 will maintain contact with the menory interface 60. Upon
maki ng contact, ry interface 60 transfers.the device bl ock fromthe
menory SRvPeeer sad s ae Y 814 drestorRih e G cP e 36 SRt ene, dat a
processor and

library 10. The library controller 31 may comprise any suitable microprocessor; such as an

(IBM RS/6000 processaor.

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



i ncludes a nmenory 91. The controller processor may have the capability of
processi ng the device block map. O herw se, the controlIerzgpgig\pgmmﬁ%the
devi ce bl ock map over host interface 95 to a host 96 for ptoc i'ng. e
host (or controller) processor then processes the device block map to order
the desired host- initiated retrieval Y#ead requests into an optimal order
(e.g., in accordance with the incorporated Bashamet al. application). In
accordance with the present invention, subsequently to positioning the
menory ! L Ater: ; ; hand Sri ngﬁggp and
t he ser \(E/tgl\f%égbefg) 't%‘aeétt%gtggﬁﬁgéy a8é15rlgi tgﬁléo 3&?@9@&%@%@2% %%h??l%é?\g%e medl a
for reading and/or witing. Thus, the transfer of the device block map from
the memgie/nsievireeIisiae dofollerd1is ypﬁam B30ided Qith b AaRBAE vt ihOGd&keabes

bl ock map occurs whil'e the tape drive or |oading nechani smpositions the
tape nedia for reading and/or witing so that the processor begins the
retrievahd beadhmg tasies9Ssr Ibcatng itias @by cHidedyek Nethe @pplopMate Rebrade §168 6oy
media. The retrieval reading process is conducted by the controller 90
under the commands of the host 96, and the data is read and/or witten by

t ape hedat rBdintaimthgtas rledtonedithe tape cdatiidgdd ow 97 and the data trans ferred
directly with the host 96 over host interface 95. FIGS. 6A and 6B
illustrate an enbodi nent of a two reel tape drive 100 whi ch incorporates

t he data st or aljee agoeseonrobotti18dypieally éngludes servos anotortharmsa e pieker@20Moth may be
| ocated in library 10 or may be a separate drive, as discussed above.
Conventignal elenents of the tape drive include a | gader 101, which is a
mechani SHPPYDICREYE ARy afervebalis, mechariss! anghelericn) geirrenttp PRERIM WRRHANSIge

50 into and out of the tape drive 100 in the direction of arrows 104 and

The ai r SRR RpH I EeX i SBL e BEr R U Rg e Cirhorlhg 11

vertical novenent of the clutch brings the clutches 105 into engagenent

W th t hgidpahssions 18hdRe Rpeldifes 3l I i A8ReRPIbESSE0VE! G 3ihe shR&d Bf AdRsS &S VOS
102 causes a notor 108 to rotate the clutches 105 to w nd

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.



2 ? NOV 2002 and unwind the tape nedia to tension the tape nedia 53. Head
servos 110 operate a head positioner 111 to nove a tape h i e
direction of arrows 113 into engagenent with the tape ned?zd?SWX:‘ ggp?‘t he
tape head is in engagenent with the t%ge media, a drive controller 120 and
head servos 110 operate a head servo-Ifechani sm 122 to nove the tape head
112 vertically in the directions of arrows 123 while the drive controller
and drive servos 102 operate notor 108 to nove the tape nedia in the

| ongi t udi nal dj.r LN ical, d ; i D

servo head, anﬂg t?‘ﬁéezrj@{‘égrfyﬁ%g{ﬁ)g%d;ﬁﬁe%eéé%ﬁﬁg?%ﬁ%ﬁ%a%qrrgﬁet '.jnéla'ral‘ ' {hlﬁgg%n%% ment
of FIGS. 6A and 6B, nenory interface 60 is |ocated in the tape drive 100 so
that t heydidfesmpisksitolierP®ahd toAThebbs WwiARRRFY pAENEI B8R0 SBacRl abhf afRABHY
interface 60 by the insert notion of arrows 104. During any subsequent
vertical notion of the cartridge 50, the conductive bars of the nenory

devi ce 3mount. | A B&EivDis@steman ifictape drivdembieysrthemepvol heads fafoltovbBervblracksarki ng
contact, menory interface 60 transfers the device block map fromr ~ the
menory device 35 to the controller 120. The ‘controller 120 conprises a data
pr ocess dhe tape madid, winds the detarbegdsiread amgler wotetdats Pretheslatcteacksr Thug aii@le t he
capability of processing the device block map. Qtherw se, the controller
120 forwards the device bl ock over  host . &3 7 N OV 20 1 interface
128 to AHERBL MEEOHB (98 s A, SRS Beriods Ut Fok el r BafeBe S8Y  hen
processes the device block map to order the desired host- initiated

| mcor porsteianb KD g bR or e ehe ko win BoREFAIHRNEE ARalT T

invention, subsequently to positioning the nenory device 35 at the nenory

I nt er f a0@isGldmridBs hdRAgTRE tadellSngRinAIYIRER the sdhvé BFBRfemdnPadjlgs trnatdraad
112 and tﬁe seﬁrfvo? ng ofg thea%'?apedahelad 112 is conducted to Bojsi fc‘i on the tape
medi a for

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
f 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



reading and/or witing. Thus, the transfer of the device block map fromthe
menory device and the processing of the device bl ock map ozefaigyhzgﬂ t he
tape drive or |oading nmechani smpositions the tape nedia f i d/ or
witing so that the processor begins the retrieval readi ng process

i mredi ately upon the positioning of t b tape nmedia. The retrieval reading
process is conducted by the controller 120 under the conmands of the host
96) and the data is read and/or witten by tape head 112 and decoded, etc.,

by data t.h a r dj t| i 6 over
nost 1 neert Sibey 3neceitBeh AR5 e the U te ot g b MEpiBB54s0E

di agramformln FI G 7 An enbodi Z ? NO V 2002 22 nent of the picker 20
of acceprRlessPRk d%alcb $ldck |rr5’ag>t|ﬁ @fe%f'tlﬁb ﬁbgﬁnmé dafaltefribbal r@que%ht% db'tlﬁll&%rthgo
conprises gripper fingers which are operated by two arns

and 133. The arms are pulled by sprlng 135 to bring the fingers 130 and 131
i nto engegevAivtdem th 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
t he tape dri velnl2resi-tcsteet tage cattrizige{6r cassetie)i the devibatiootemap dff typicaly &8 the he
menory interface 60 is nounted on a pivotable arm 140 so that, upon seating
of the cartridge 50 in the picker 20 for transporting, the |votable arm
140 posiniferiat af ke ispathrof tanerandithr earkiidopriestaadyyitp Qﬂ’e‘iﬂ“é‘ba"?,@m Af fep@ on each
cartridge. Referrlng to FIGS. 7 and 8, the nenory interface 60 transfers

my bo. 81 AGRAR M7 PPnPLEpe RERY P PEA Sedrivhal iFRMER oAl sce

data processor and includes a nenory 145. The controller processor may have

the capabithid ¥ Rb té}feom%‘éﬁﬂoﬂﬂn&ff@e%%tﬁ@r Bh@fHe SERl: qe%m%é%éﬁ probBiy

control ler 144 forwards the dévice block map over [ibrary host Interface
147 to the host 96 for processing. The host (or controller) processor then
pr ocesseslighdt; tiketabe datal ld re®ds the deviekeblock 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



2 7 N OV 2002 23 the desired host- initiated retrieval read requests into
an optinmal order (e.g., in accordance with the incorporat e&? w
application). In accordance with the present invention, q %82
positioning the nenory device 35 at t1 e menory 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, the transfer of the device block map fromthe nenory device

21, o ZE SRS S MR SIS B S i i

| oads the tape cartridge and positions the tape nedia for retrleval readi ng

0,1 hat. 4a1on RESREPINIPRUT NG J Rk Byt FRALBYERIRAGS SRRt ol upon

t he positioning of ape ne rearng and/or witing process is
conducted by the tape drrve 12 under the commands of the host 96, and the

data i's gechractbPeiioh! &) iblntetnth sy 87 RBkahearind Badoad bARS LAAAGH.

directly with the host 96 over host interface 147. Two enbodi nents
met hod in accordance with the present invention are 24 2 7 NO V 2002 24

i 'l ustr atrrobppdsitd§idé b%a@@@? e6mpliseisldhuraftty a0 BonbidetivElsard 49vhEBabnh FI G 9

conprises a cartridge | oad, whether the tape drive is located in an
aut omat ed data storage I|brary or is a stand alone tape drive. The tape
drive megonbectivbdiar 84, WHidhpro%ide ém@rrﬁBelfeOﬂncaﬂcbgrhettrdsr@lb thamierofgeieuRimddort  Of

FIGS. 6A and 6B for two reel cartridges.
36. The conductive bars 43 provide a high speed electronic connection between the 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



A cartridge | oad request 150 is received fromthe host 96. Firs n _step
151, the tape cartridge is positioned at nenory interface 3(7 Nléyr 28 Qsor
such as the host 96, requests that the data bl ock map be read fromthe
menory device 35 and transferred at thg nenory interface to the processor
in step 152. In accordance with the present invention, simultaneously, the
processor processes the device block map for optinmal file retrieval order
in step 153 and the tape drive, or the |oader mechani sm positions the tape
medi a f orithrregpkon e B rle el tape gartritiget effovkbthe tWb wsal camridtieay tHebpresérite
processor begins the retrieval reading process i mediately upon the
positioning of the tape nmedia. Upon conpletion of the retrieval reading
and/ or \nventiog has a cessry tibecg 8% cempriging a mefmadyy Gircuit 20826 ingsnted oa board
cartridge unload request in step 157. The processor causes the drive to
update the device block map of nenory device 35 over nenory interface 60)
in step Asglhetnard 3T isrlbeijed aisthe kdge Gé Pbthe eartridasrant theddnpesite side pkpard §7and
the cartridge returned to the library storage slot or a renoved fromthe
drive. The nethod of FIG 10 relates to the enbodinent of the |ibrary 10
depi ct ecoMpriggsR phuralitofxoaguctigg batshigihRiovisls extegial stestr FHLa‘iO"Pﬁ@'OFFER@Py | oad
a cartridge in a speC|f|ed drive 12. The library controller 31 operates the
robot accessor e? ieve the selected cartridge fromits storage sl ot
16 in sﬂgﬂnTgfmCWH"QSWS éance with the method of the present invention as
illustrated in FIG 10, steps 162, 163 and 164 are conducted sinmultaneously

1L s 165 R 58 LR BB Bl Bta PRSI BRRSbs o

conprises the transfer of the device bl ock map {at the request of the

Processoing rﬁé&ﬁarg%:‘teh% inf®outdLR Bird Ny EENBEMARYE 68 pRRideQIddicaPESIRERSHs: SO

that, in step 164, the processor processes the device block map for an
optlnal file retrieval order. The sinmulta- '

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 memaory 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 singie reel tape drive 70 which

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



2 7 N OV 2002 26 neously conducted steps conprise the robot accessor 18
nmoving the cartridge to the selected tape drive 12 in step égi, igféﬂﬂﬁ%
step 166, the tape drive 12 positioning the tape nedia for dN r
witing. Thus, in step 168, the processor begins the retrieval reading
process i nmedi ately upon the positioniﬁb of the tape nedia. Upon conpletion
of the retrieval reading and/or witing process, the processor issues a

i brary unl oad request in step 170. In step 170, the library controller 31
oper at esloched i iipraryHd drPnadyieP@ Sepdifte @Rilé I dstiscuassll sHRvE A TRRVEMIAL! AGRERSOT
18 to retrieve the selected cartridge fromthe tape drive 12. The robot
accessor 18 positions the cartridge nenory device 35 at the nenory

i nt er f acef t68 tapedrive@ftiukiéla loadertMatvhichds phacassan, epztatte by thiee servo<c80,bl ock
map of nenory device 35 over nenory interface 60, in step 172.

Sinul taneously with steps 171 and 172, in step 173, the robot accessor 18,
under t hehicbmaveb aafarttitige 32 intmand cdnf el thpe ddve 70ib\tks dirdntios af aréwig €2 Bndm
the tape drive 12 to a selected storage slot 16. The robot accessor, in
step 175, then delivers the cartridge to the selected |ibrary storage sl ot
16. Al t eeitharimayes thepcarididpe dsrtioa)ly toneaves Betbtet 73 vertigally dethe diractiontdf@rroway be
envi si oned by those of skill in the art. 27 NOV 2002 Wile the
preferred enbodi nents of the Rresent i nvention have been illustrated in
detai|) 74 Iheuedicaanqyspentelthe gattridasdrthe waricsh oxpmentRf radiiieh rings theose

enbodi nents nmay occur to one skilled in the art w thout departing fromthe
scope of t resent invention as s rth.in the fo i g .clai ns.
P clun:% into engagement wit?1 the ﬁub S& oI t?le cartridge :{5 (see HC?‘%A)Q Atape msreader
‘ .
76 engages the tape cartridge leader block 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.



2 ? NO V 2002 CLAIMS 28 A data storage systemfor use with a tape
cartridge having a tape nedia for storing data in a serpent wieﬁﬁ\zmand

said tape cartridge having a nmenory device for storing a de p
for said tape nmedia, conprising: a rrer;%ry interface for transferring data
with said nmenory device; a tape drive for reading and/or witing data on
said tape nedia of said tape cartridge in said serpentine pattern, and for
first positioning said tape cartridge at said nenory interface and for
subsequent | y pistht ieaiodignentofF G 6 Arendi 58, hemapinterfaca ®i0rig) loaatet dn thertape ng
t hereby; and a processor coupled to said nenory interface for processing
sai d device block map fromsaid nmenory device upon said positioning of said
t ape cardrive dgsodhatsiaa Ibadentrfyst paséiohathe memorydevinalB5 agthe regmbrydntegadal60
serpentine pattern data of said tape nedia by said tape drive for said
reading and/or witing thereof. - 2. The data storage systemof Claim]1,
wher ei n bydhelinsed swtisn of ardews THnBHING apobseauest og efihecanedgad2.nl ock
map upon conpletion of said reading and/or witing of said tape nedia by
said tape drive, and said nenory interface transfers stgi d updat ed devi ce
bl ock the sondustive base of the meraprydeyiee STivil PRIt tagt Wit AhemeRiopy MteTdee ce of
said tape cartridge. 3. The data storage systemof Caim1, wherein said
menory interface i.s nounted at said tape drive. 4. The data storage system
of 0t xi it Unaratie SR ramBPy ietterd BESTerE e o Bof 18Nk P
fromsaid nenory device to said processor as said tape drive positions said
tape nedia for,said.readin d/Qr it .dat a ar em of
G ai m 3, MRy iohs 456 e Py 8B g obirer 3p s ot BrEsHeRb
%\
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



for reading and/or witing said tape nedia of said tape cartridge, and
conprises a drive and servo arrangenent for noving said tape nedia with
respect to said tape head in said serpentine pattern, and NOY 2802 t ape
drive positions said tape nedia at saligd tape head, and wherein said tape
drive is coupled to said processor for operating said tape head and said
drive and servo arrangenent for positioning said tape nedia wth respect to
said tape head for Z ~ N ov Zoo2 30 said optimal retrieval of said
ser pent hidgs ot Gk §&id bibck Egﬁoeéérgmﬁlé”fl%qspé Fr\}eeémé)édnﬁ RkbBhanisiiher ei n
said drive and servo arrangenent of said tape drive additionally
initializes the positioning of said tape nedia with respect to said tape
head, Wh&yitRIng tiSPiagle HRIGRY t6r <Hdfigl AeifortwrAiRg ls6 tisat & StoBsasbEBadMOBK rafiBvAIr om
said nenory device to said processor as said tape drive positions said tape
medi a at said tape head, and wherein said processor processes said device
bl ock meadihycss tnmedately Wenithe pasticdnglofdhe tapeamstis eThoranevahgadi|agt  of
said tape drive initializes the positioning of said tape nmedia with respect
to said tape head for said optimal retrieval of said serpentine pattern
dat a of progess is sprductadi by thg coatreller 8@ anderithe corpmands ef the hastf§, arditherdalg ist i ng
t her eof . 2 7 NOV 2002 31 7. A data storage systemfor use wth a tape
cartridge having a tape nedia for storing data in a serpentine pattern, and
sai d t afeed@adior waen hutarsdiead 88 Asdydegaded: oG .d dataliow 87 and e data etk nap
for said tape nmedia, conprising: a nenory interface for transferring data
wth sajd nory device of said tape cartrjdge; a tape drive for reading
and/ or Vaefidigetyay tﬁﬁ%géti% ?‘?ﬁ@ogﬁﬂﬁeﬁ‘aﬁ‘? Jééai d tape cartridge in said
serpentine pattern; -

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. Conventional 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

——

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



a | oading nechanismfor first positioning said tape cartridge at said
menory interface and for subsequently positioning said ta f@ﬂgg zh aid
tape drive for said reading and/or witing thereby; and apgro o] g upl ed
to said nenory interface far processing said device block map from said
menory devi ce upon said positioning éP said tape cartridge at said nmenory
interface ( for optimal retrieval of said serpentine pattern data of said
tape nmedia by said tape drive for said reading and/or witing thereof. 2
7 NOV 2 ROHS Yl ' j [ cessor
addi ti oﬁﬁ?@aﬂggﬁgﬁg% S‘%B% t?rté(grr%r y Q§¥I ce ddgélisgeﬂgﬁ%giwzrsr@ﬁghﬁ%%ﬁé%oﬂqpﬁd?i on of
said reading and/or witing of said tape nedia by said tape drive, and said
Menory peditRhbespr o AGE £iapetiabd 142 IR dirdIonc? aRbRE H 150 éﬁg}]yébﬁ\@hdfvith
processor to said nenory device of said tape cartridge. 9. The data storage
systemof Caim7, wherein said nenory interface is nmounted at said | oadi ng
mechani sentagédmediB S 3d Afar Hethpg Besy/i8tie Bh@tigefedi WittPthe WAy @bdia S@bGveeNOr y
interface transfers said device block map from said nmenory device to said
processor as said | oadi ng mechani sm positions said tape nedia for said

r eadi ngcanralier120ranidihegd sédvos TTHe ogatate s headgerveyrechamish 122 &0 mode thettepei n
said tape drive conprises a tape head for reading and/or witing said tape
nmedi a of said tape cartridge, and conprises a drive and servo arrangenent

f or novheay iR erimady i the tinectionp et arrows $283 whitedthe divemcbritmoligraind drive gervos ne

21 N OV 2002 33 pattern, and wherein said | oadi ng nmechani sm positions said
tape cartridge at said tape drive, and thereby said tape nedia at said tape
head, ah%f onnsateinptanl QP toanrvedhe fapre reediaifpthe dongiiudinal @irection. The vertical

l\ 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 controller 120. The controller 120 comprises a data processor

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

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



processor for operating said tape head and said drive and servo arrangenent
for positioning said tape nedia with respect to said tape Qegcﬂbglm
optimal retrieval of said serpentine pattern data. 12. Theldat

systemof Claim 11, wherein said drive and servo arrangenent of said tape
drive additionally initializes the politioning of said tape nmedia with
respect to said tape head, wherein said nenory interface transfers said
device block map fromsaid nenory device to said processor as said | oading
mechani $Braes b8 ke $abIhe BPErocadding. dak st @cenm@ﬁ p%dg‘é@or tASH pifegs&lsh

sai d processor processes sald device bloc p from'said nenory device as
said drive and servo arrangenent of said tape drive initializes the

posi ti ofeBvied bk thapaB Brder MRHdEbirat hBst fiResd retrvaiakad FyPestB e ahdptimail d
optimal retrieval of said serpentine pattern data of said tape nedia by
said tape drive for said reading and/or witing thereof. 2 7 NOV ~00~ 34
13. A dotar @tgriagecdramicarwitt the incogponatel Bashar el appliostiangpe cartri dges,
each said tape cartridge having a tape nedia for storing data in a
serpentine pattern, and said tape cartridge having a nmenory device for
storing a devilicacesrdanee iy th@pr%amwnvwen,rﬁé@ﬁ%gueagsm@rn%mﬁgmgéhepmamm ty of
storage slots for storing said tape cartridges; at |east one tape drive for

readi ng, and/ iting data_ on id . tape nedia of said tape cartrjidge in
sai d sefmih Tt tha meary nigtiace 6P HELeRe BRAA Rostened yin Fesrest Bipe tares
reading and/or witing thereby; a nenory interface for transferring data
with sal d r evice of .said tape, tridge: robat i ccessaqr for
movi g aerdTEEARY B8 SeiPing ot 1 1ot B0 A GifeedolrRBon e B8F Fodle B
one tape drive, said robotic accessor first positioning said tape cartridge
at saidﬁggmg%x Iophatifgce, said at |east one tape drive subsequently
posi t oni ng tape tredia for said reading and/or witing; and a processor
coupled to said nenory interface for processing said device block map

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 biock diagram form in FIG. 7. An embodi-



fromsaid nenory device upon said positioning of said tape cartridge at
said nenory interface 2 ~ Nov 2002 35 for optinal retr'?akjilj gjzgazd
serpentine pattern data of said tape nedia by said tape d€i Br d
readi ng and/or witing thereof. 14. ng data storage library of Caim 13,
wherein said processor additionally upfates said nenory device device bl ock
map upon conpletion of said reading and/or witing of said tape nedia by
said tape drive, and said nenory interface transfers said updated device

15, To it o B aRAGL B BERaRgtor S B0k BRI ABIGE 7 T, Thiertace 1o

nmounted at said robotic accessor. 16. The data storage library of Cai'm 15,

wherein said ”ﬁrmé.y&gn%‘prc&apfo ESTIRGE GRpairflacrs 430 a8 134 ARIEnTRR ob LSl d

menory device to sal ocessor as sai ofic accessor noves sai d tape
cartridge to said tape drive. 2 ? Nov 2002 36 17. The data storage

I brary 9fw&aahd 3Pand iy, ?Qﬁbt %ﬁ‘gisobré BBfady éfﬁngqmd BR% the sﬁg%bgs hgggna 981

readi ng and/or witing sai e nedia of said tape cartri _
conprises a drive and servo arrangenent for noving said tape nedia with

respect ifte epghdbmctip Kith &Rsilid) seriices Dt akHAE SMt $ifvilas grivpersvigy B¢ BmpRiyed t ape
drive positions said tape nedia at said tape head, and wherein said tape
drive is coupled to said processor for operating said tape head and said
dri ve amdthdbe cartridges2gd FEGS. 20and2Bi B cam 138 srajades fylleweretidatowelelse thepect to
said tape head for said optimal retrieval of said serpentine pattern data.
i 18. The data storage systemof Caim1l7, wherein said drive and servo
ar r angerearttidgsf aftegiitds deijveredirto ¢he tade idrive hbt stotagetsioh6zes t he positi oni ng of
said tape nedia with respect to said
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 controller 144, which may be implemented in library controiler 31. The

controller 144 comprises a data processor and includes a memory 145. The controller

processor may have the capability of processing the device block 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



tape head, wherein said nenory interface transfers said device WCMp
fromsaid nenory device to said processor as said robotic aczeN S
said tape cartridge to said tape drive, and wherein said processor
processes said device block map fromsaid nenory device as said drive and
servo arrangenent of said tape driveZ3nitializes the positioning of said
tape nedia with respect to said tape head for said optimal retrieval of
said serpentine pattern data of said tape nmedia by said tape drive for said
readi ng yanGH<Rbd Whit indGtdd YelROk rea@r%u_%%t@ info 4R QRtiRd| otder (B8t BADrdfce
accessing data stored in a tape cartridge tor reading and/or witing said
data, said tape cartridge having a tape nedia for storing said data in a
ser pent iwith tReint&ipbrat&PBasHaREt &t adpplicadigr). havi ng a nenory device storing a
device block map for said serpentine pattern stored data, conprising the
steps of: positioning said tape cartridge at a nenory interface which
transf ers dat anwicttrdaacedwittetnerpyeskat ingention, sybstqaandly & positipnswi tte steomary
device block map fromsaid nenory device at said nenory interface to a
processor; said processor processing said device block map from said nenory
devi ce figyice g ahiie memerydivanfacss60; fatage cpdifdeietrpnapodedtasthatane divealf sai d
tape nedia for said reading and/or witing thereof; and positioning said
tape nmedia for said reading and/or witing of said serpentipe pattern S '
stored §itcartridge ispadgdA e@Ped‘%\‘i"?dsl@;s'tga%f"fﬁq‘i’ﬁ’gt’fﬁ'@’%d‘dlt'f‘%ﬁ?al step of:
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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 Cf;-utridge 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



upon conpletion of said reading and/or witing, updating said device block
map of said nenory device. 21. The nethod of Caim 19, wherein said tape
cartridge is stored in one of a plurality of storage sIotQ@fNﬂVaZ@%ated
data storage library having a robotic accessor for noving said tape
cartridge anongst said storage slots @ad at | east one tape drive, said

nmet hod conprising the additional initial step of said robotic accessor
noving said tape cartridge to said tape drive) and wherein said nenory

i nterfage,l . i i and said steps of positioning said
t ape caﬁ@?kgggﬁ% J%PQQE@%6$§R?%?§§?£3%, and of transferring said stored
device block map fromsaid nenory device at” said nenory interface to a
processor, are i i-dadé Bickj otha ) i hod of

G ai m 21, compr oo CpREORHIG Ao iet B chhasThab wnater e o B
reading and/or witing, positioning said tape cartridge at said nmenory

i nt er f ag6gated iR a(?jw ﬂ;ﬂatggagté’&pﬁgb q%@w&% & Qfand RNl tagh &wed_gﬁv(bﬁ@dmé)ck nmap

of said nenory device; and said robotiic accessor noving said tape cartridge

fromsaid tape drive to one of said plurality of storage slots.

AU | . AndyhethAy of R IBSSEAING/AB 8F siAgié.réel .cAiddesAr ffat AL FIGEBA. ahd. 68Mor Ayy . A. A.
A A A@AS/ . Af. Ae. A&Y. Ae. Ae. An, . A. A. Al . AyR ASy. AUS2<f vx' >BQSosi $A .
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A cartridge load request 150 is received from the host 96. 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
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immediately upon the positioning of the tape media.

Upon completion of the retrieval reading and/or writing 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.
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a tape drive for reading and/or writing data on said tape media of said tape cartridge

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 ca,rtridge 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
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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
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6. The data storage system of Claim 5, wherein said drive and servo arrangement of
said tape drive additionally initializes the positioning of said tape media with respect to said
fape head, wherein said memory interface transfers said device block map from said memory
device fo 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 for said tape media, comprising:

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

a tape drive for reading and/or writing data on said tape media of said tape cartridge
in said serpentine pattern;

a loading mechanism for first positioning said tape cartridge at said memory
interface and for subsequently positioning said tape media at ’said tape drive 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 cartridge 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.
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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.

9. The data storage system of Claim 7, wherein said memory interface is mounted at

said loading mechanism.

10. The data storage system of Claim 9, wherein said memory interface transfers said
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

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 thereby said tape media at sald 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.

12, The data storage system of Claim 11, 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 loading mechanism positions said tape cartridge at 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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U&' () - Lf 4880t memory device for storing a device block map for said tape media, comprising:

a plurality of storage slots for storing said tape cartridges;

at least one tape drive for reading and/or writing data on said tape media of said
tape cartridge in said serpentine pattern, and for positioning said tape media for said reading
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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for optimal retrieval of said serpentine pattern data of said tape media by said tape drive for

said reading and/or writing thereof.

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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17. The data storage library of Claim 15, wherein said tape drive comprises a tape head
for reading and/or writing said tape m_edia of said tape cartridge, and comprisés 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

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 tape media 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 19, comprising the additional step of:
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upon completion of said reading and/or writing, updating said device block map of

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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plurality of storage slots.



