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present invention generally relates to the use of magnetic tape nedia to
store data. More particularly, this invention involves various nethods and
appar at uses enpl oyi ng novel data storage Ltormats to nore efficiently and
conveniently locate, read, wite, and update data stored on nagnetic tape
medi a. 2. Description of the Related Art Partitioning A few magnetic
tape storage systens with limted_partitioning are known. "Partitioning"
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advanced functions such as updating stored data ("update in place").

However, employing novel data storage formats to more efficiently and conveniently locate

read, write, and update data stored on magnetic tape media.

2. Description of the Related Art
Partitioning

A few magnetic tape storage systems with limited partitioning are known.
“Partitioning™ generally involves the establishment of at least one independently
addressable data storage region on the tape. One known “two-partition system” uses
one partition to store a directory, and another partition to store data. In contrast, a
known “stacking” partition system uses multiple partitions, where each partition stores
a different set of data. In the stacking partition system, new partitions are sequentially
defined and appended to the existing partitions, in effect “stacking” them onto existing
data. |

Although these partition systems may be adequate for a number of different
uses, they may not meet the requirements of certain other applications. Many
applications, for example, would benefit by storing data on tape in multiple-fixed
sized partitions having regularly spaced positions on tape. Theoretically, having such
partitions would enable faster tape positioning, increase data capacity, and permit
certain advanced functions such as updating stored data (“update in place™). However,
the known partitioning systems do not support ﬁultiple, fixed sized, regularly spaced

data storage partitions. The two-partition system only uses two partitions where data



the ‘known partitioning systems do not support nultiple, fixed sized,

“regul arly spaced data storage partitions. The two-partition systemonly
uses two partitions where data -2- is only stored in one partition. Wth
the stacking partition system nultiple data storage partitions are used,
but the partitions are not fixed in size, and they are not stored in

regul arly spaced locations. In contrast,- 2he size of each partition depends
upon the amount of data to be stored, and the position of each partition
depends upon the aggregate size of all preceding partitions. Serpentine
Dat a Paths & Fi xed-Capacity Scaling Many known tape storage systens store
data in "sisroeptstored aeis partitmm. SNithnthe rstacking partitiogesystem,i maltple Aatd or age
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having multiple parallel tracks. With serpentine storage, a set of device blocks are

stored in a pattern that bi-directionally traversés the tape’s length along different
paralle] tape tracks. In particular, the data storage path first spans the tape’s entire
leng;ch in one direction along a first track, returns in the opposite direction along an
adjacent parallel track, and then continues sweeping back and forth along the tape.
To improve the access time of serpentine-stored data, engineers have
developed "fixed-capacity scaling". Fixed-capacity spaling can be employed when the
data does not completely fill the tape. In this case, rather than storing the data on
several tracks or tr‘ack groups sweeping the entire length of the tape, the data is
congregated on all tracks near the beginning of the tape. In many systems, a multi-
track R/W head can read sixteen tracks simultaneously, and the tape is configured into
eight groups of sixteen tracks. In such a system, data stored with normal serpentine
storage might occupy the entire length of four track groups, leaving the remaining
four track groups unoccupied. In a tape 100 using fixed-capacity scaling, however,
the data is congregated onto the first halves of all eight track groups 102 as shown in
Figure 1. To follow this data storage path, the tape is advanced such that the R/W
head passes over half of the tape’s length along a path 104. After "vertically" aligning
the R/W head with the path 106, the tape is advanced such that the tape head returns
in the opposite direction along an adjacent parallel path 106; the R/W head and tape

are cooperatively moved to follow a data path that continues sweeping back and forth
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favor of small, relatively rapid operations to "vertically" align the tape head and data
path (e.g. head indexing or switching to a different tape head).

Although fixed-capacity scaling may be satisfactory in some cases, there are
applications for which this approach is not completely adequate.' For example, some .
"c'ost- or efficiency-conscious users may not be willing to sacrifice a significant amount
of tape storage capacity 108 in favor of faster tape access. Also, fixed-capacity
scaling is inadequate for storage of data that is large enough to occupy the entire tape.
In this case, fixed-capacity scaling offers no benefit sinice the data cannot be

 rearranged to fit on a smaller length of tape. In a different respect, other users may
find fixed-capacity scaling to be lacking because it does not provide any type of

partitioning.

SUMMARY OF THE INVENTION
| Broadly, the present invention involves various methods and apparatuses
erhploying novel data storage formats to more efficiently and conveniently locate,
read, write, and update data stored on magnetic tape media. One feature of the
invention is a method for pre-formatting magnetic tape media. First, multiple data
storage segments are defined on a magnetic tape medium by writing a corresponding
number of segment-headers to the tape medium. The storage segments are initially

defined prior to using the tape, before any writing of data thereto. Adjacent segment-
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any time, thereby invalidating previous segments and user data stored therein.

Namely, a second group of storage segments are defined on tﬁe tape by writing
corresponding segment-headers to the tape. The second segmeﬁt-headers are evenly
spaced apart by a predetermined interval, which may be different than the previous
interval. Like the first spacing interval, the sécond interval may be specified by a .
user’s specification of a desired level of granularity. Writing the segment-headers is '
preferaBly performed without any intervening read or write operations, ensuring that
the segment-headers are evenly spaced and precisely positioned.

Each segment-header in the second group includes a key that is different than
the key of the first group of segment-headers. Keys may comprise, for example, a
number that is incremented each time formatting is performed. The second key, like
the first, is stored in the key index, identifying the second segment-headers (containing
the second key) as being valid. Having defined the second segment-headers, the first
segment-headers stored on the tape are now ignored during normal tape operations,
since they do not include the proper key. The first segment-headers may still be used,
hoiﬁever, in data recovery, reconstruction, or other procedures that utilize old user
data.

Segments rﬁay be grouped as desired to create independently address#ble
storage partitions on tape. Mapping between segments and storage partitions may be
one-to-one, for example. Alternatively, another fixed relationship between segments

and partitions may be used, such as a different grouping of adjacent segments to form



After the segnents are created, user data can be stored in the segnents and
ot her normal operations can be perforned, e.g. locate, read, wite, etc.
According to the invention, a conpletely different segnenting schenme can
easily be established at any tinme, thereby invalidating previous segments
and user data stored therein. Nanely, a second group of storage segnents
are defined on the tape by witing corregpgnging segnent - headers to the
tape. The second segnent - headers are evenly spaced apart by a predeterm ned
interval, which may be different than the previous interval. Like the first
spacing interval, the second interval may be specified by a user's
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segment available on the tape. Having written a set of device blocks to the minimum

number of segments, these segments are defined as a partitioﬁ; this is called “closing
out” the partition. All remaining (i.e., unoccupied) segments are then defined as a
partition. After the first p.artition is closed out, for example, all remaining segments
are defined as the second partition.

When more device blocks are received for storage to the tape, they are written
to one or more segments at the beginning of the second pargition. A minimum
number of segment% is preferably used, as needed to store the data. Having written
the new data, the second partition is “closed out” by defining the occupied segments
as the second partition. All remaining (i.e., unoccupied) segments are defined as the
third partition. Until the tape is filled, future data may be stored by creating
additional partitions as described above, each partition having a variable size
appropriate to the amount of data stored therein.

If desired, a partition may even be distributed among non-contiguous data
storage segments. This may be accomplished by preparing variable partitions as
described above, and then maintaining a free pool of unoccupied segments for
selective association with existing partitions. The free pool also receives segments de-

allocated from existing partitions.



-5- partitions. As another alternative, instead of using a fixed mapping
bet ween segnents and partitions, variable-sized partitions nmay be used,
each including one or nore data storage segnents. Wth variabl e-si zed
partitions, the data storage segnents are first defined on tape as

descri bed above. For explanatory purposes, segnents may be considered to be
sequentially ordered according to their-réspective di stances fromthe

t ape' s begi nning, segnments nearer the beginning being ordered "earlier"
than segnents relatively farther fromthe tape's begi nning. Wiwen a set of
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Until the tape is filled, future data may be stored by creating .
be selected by a user based upon the characteristics of the data in that partition.

Alternatively, the number of additional segments may be a_utomatically selected
according to a default value, specified in advance by the user.

Another feature of the inventidn is "flexible-capacity scaling", a technique for
more efficiently storing data on magnétic tape to provide faster data access. With this
technique, an ordered set of device blocks is distributed on a magnetic tape medium
having multiple parallel tracks. The device blocks are bi-directionally stored in a
continuous configuration of multiple adjacent stacked serpentine patterns. The
serpentine patterns may occupy part or all of the tape. The patterns are configured
such that sequential"access of all device blocks is possible vﬁthout advancing the tape
medium to skip ovér any regions intervening between adjacent ones of the ordered
device blocks. Thus, the entire sequence of device blocks can be accessed with
complete continuity; minimal forwarding or rewinding of the tape is needed to
advance from one device block to another.

In addition to processes such as those described above, the .invention also
contemplates other aspects, such as various hardware apparatuses that are embodied
by, produced by, or otherwise related to these methods. For example, the invention
includes a tape drive embodied in data storage apparatus and a magnetic tape medium
embodied in an article of manufacture.

The present invention provides a number of distinct advantages. For example,



additional partitions as described above, each partition having a variable
8ize appropriate to the anount of data stored therein. If desired, a
partition may even be distributed anong non-conti guous data storage
segnents. This may be acconplished by preparing variable partitions as
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storage format. Although storing user data in non-contiguous segments resembles

- DASD storage, it actually provides certain advantages missing from DASD because
the user can specify the storage granularity and the tape drive can read and write data
bi-directionally. Another benefit of the invention, selective padding, can conveniently
be set by default, or it can permit the user to flexibly select the amount of padding in
response to the requirements of the application, thereby boosting data storage
efficiency.

Another benefit of the invention is its flexible-capacity scaling feature, which
significantly increases data locate performance for ordered data, since user data is
congregated in the ;ldjacen_t stacked serpentine patterns rather than being distributed
across the entire tal;e. Unlike prior arrangements, data access is improved without
having to sacrifice storage capacity by designating certain empty regions of tape.
Moreover, this is achieved while still maintairﬁng the benefit of compactly storing data

in the case of partially filled tapes.



technique, an ordered set of device blocks is distributed on a magnetic
‘tape nedi um having nmultiple parallel tracks. The device bl ocks are
bi-directionally stored in a continuous configuration of multiple adjacent
stacked serpentine patterns. The serpentine patterns may occupy part or al
of the tape. The patterns are configured such that sequential access of al
devi ce bl ocks is possible wthout advanci®ng the tape nediumto skip over
any regions interveni ng between adjacent ones of the ordered device bl ocks.
Thus, the entire sequence of device bl ocks can be accessed with conplete
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Mor eover, by usigf@ data storage system in accordance with the invention;

FIGURE 3 is a diagrmn of an exemplary magnetfc tape data storage- |
" medium in accordance with the invention;
FIGURE 4 is a block diagram depicting a pre-formatted tape exemplifying
fixed partitioning in accordance with the invention;

FIGURE 5 is a flovchart 'showing a sequence for pre-formatting a tape
utilizing fixed partitioning in accordance with the invention;
FIGURE 6 is a block diagram depicting a pre-formatted tape exemplifying

variable partitioning in accordance with the invention;
FIGURE 7.is a flowchart shoWing a sequence for pre-formatting a tape
utilizing var‘%able partitioning in accordance with the invention;
FIGURE 8 is a diagram of a multi-track tape using one configuration of
flexible-capacity scaling in accordance with the invention; and
FIGURE 9 is a diagram of a multi-track tape using another configuration

flexible-capacity scaling in accordance with the invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

HARDWARE ENVIRONMENT

Data Storage Svstem. Generally

The present invention may be implemented using a number of different



vari able sized partitions the invention can adapt a pre-formatted tape for
user data having storage of sets of varying sizes. Using variable sized
partitions also permts the non-contiguous storage of sets of user data,
further increasing the flexibility of this storage format. Although storing
user data in non-contiguous segnents resenbles DASD storage, it actually
provi des certain advantages nissing from BASD because the user can specify
the storage granularity and the tape drive can read and wite data
bi-directionally. Another benefit of the invention, selective padding, can
conveniently be set by default, or it can permt the user to flexibly
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and advant agasolefetthe i nvention will becone nore apparent to those skilled
in the art after_considefi na the foll oM ng detai Itiﬂsqorle cription in

connection with IecapkelisraAQs maanasssthy exchanggq? i fata ‘hetween de #Rfer al s
medium 206 and the host 202. The controller 204 also handles other tasks associated

with storage and retrieval of user data, such as formatting, error checking, compaction,
and other tasks that may be advantageously invisible to the host 202. The controller
204 includes a number of different components, which are described more completely
below. Generally, the controller 204 interacts with an R/W data flow 205 and a R/'W
head 207 to exchange data with the tape medium 206.

'As an example, various components of Figure 2 may be provided by

components of an IBM model 3590 tape storage drive.

Tape Media

In the illustrated example, the tape medium 206 is embodied in a magnetic

data storage medium such as an IBM model 3590 cartridge. The basic components
of such a cartridge (see Figure 3) include an outer shell 300, a tape reel 302, and a
leader block 304. In this embodiment, the tape reel 302 is 0.5 inch wide, 1000 feet
lopg, and has the capacity to store ten Gb of un-compacted data. The tape reel 302

contains 128 tracks and three servo tracks. The tape reel 302 may also be referred to

simply as a "tape”.

Tape Management Equipment
Referring to Figure 2, the system 200 includes a number of components to

cooperatively manage the tape medium 206 and the R/W head 207. Drive equipment



designate like parts throughout, wherein: FIGURE 1 is a diagramof a
multi-track tape using fixed-capacity scaling; FIGURE 2 is a diagram of the
har dwar e conponents and i nterconnections of a data storage systemin
accordance with the invention; FIGURE 3 is a diagram of an exenpl ary
magneti c tape data storage nediumin accordance with the invention; Fl GURE
4 is a block diagramdepicting a pre-form®ted tape exenplifying fixed
partitioning in accordance with the invention; FIGURE 5 is a flowhart
showi ng a sequence for pre-formatting a tape utilizing fixed partitioning
in accordance with the invention; FIGJRE 6 is a block diagramdepicting a
pr e- f or mat 223dist prowided dapspopl ifagvardy and rewisdrthe ttapmi dgeidiivaceBiRmaRe2M t h

the invention:,, FIGJRE 7 is a fl hart show c of..:
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the i nvent jagométkisURbd Bthe$ relafédagfuffh&t, &hivh! rhhy coplisé RRGwH TqDipradit.
configuration of f1 exi bl e- capaci ty scaling in accordance with the

i nventi on; and Fhesrekloader 208 physicallyotransiers tapesthesween theedrivg aguipmsnher
configurati f] exj bl e-capacity,scali,ng.in accord e W ! | on. -
DETAI LED i@%ﬂf‘#ﬂs @%Mﬁ%@@sﬁm&%‘m Dat a
Storage Syfjrusifs Hmkht/taps tnddi£S THe StakEIAIEOPOS WAy iNecATEIRPH3580 ng a

nunmber of different
type stackloader, for example.

Controller .

The controller 204 includes a host interface 210 such as a Small Computer.
System Interface (SCSI). Thé controller 204 also includes a pair of speed-matching
bufférs 212/214, to accommodate differences in 1/O speed of the host 202 and the
R/W data flow 205. A data compactor 216 may also be included, to reduce the size
of data stored on the tape medium 206. : f

. A stackloader controller 218, coupled to the host interface 210 and the
stackloader 208, manages operations of the stackloader 208 in accordance with .
requirements of the host 202.

The controller 204 also includes a header module 226, which creates headers
and other non-user ‘!data and forwards fhis information to the buffer 214 for storage
on the tape medium 206. The header module 226 also has a complementary function
of interpreting header and other non-user data received from the tape medium 206 via
the buffer 214.

Also included in the controller 204 is a track following module 220 (or "servo"
mbdule), which aligns the R/W head 207 with the desired track on the tape medium
206. The tension & tape positioning module 222 ensures that the drive equipment 223
maintains proper tension on the tape reel 302 (Figure 3). The module 222 also
manages the positioning of the tape medium 206 by controlling the operation of the
motors of the drive equipment 223.

The controller 204 may, for example, be embodied in circuitry of a digital data



-9- hardware configurations, as exenplified by the tape-based data storage
‘system 200 (Figure 2). Cenerally, the system 200 includes a host 202, an
R'Wcontroller 204, a tape nedi um 206, and ot her equi pnent. The host 202
generates and/or maintains user data, which is stored on the tape nedium
206. The "user" may conprise the host 202, a conputer connected to the host
through a network or other link, an appli.cation program a control program
an operator interacting with the system t hrough a console, etc. The
controller 204 manages t he exchange of user data between the tape nedi um
.206 and the host 202. The controller 204 al so handl es other tasks

associ at ed pidchsset suchges amrlntel raride960™ ahicropescessuragr anptherawitalle encuitndn

error checking, coppaction, and other. tasks .t hat .be, advan eous|.
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t o exchangethtdiast @02 haridier dratieer rnttablenf26&ssoks an exanpl e, vari ous
conponents of Figure 2 nmay be provided by conponents of an | BM nodel 3590.

tape storage drive. Tape Media In the illustrated exanple, the tape nedium
206 is enboglyed in a magnetic data storage nmedi um such as an | BM nodel 3590
cartridge. basi ¢ conmponents of such a cartridge (see Figure 3) include

an outer shel |l 30 anzxemptary eetbci@entanke hodt2demap|coniprize4n IBM: personal
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apparatus. As illustrated, the user data is stored and retrieved to support operations
of an application program 203 being executed by the host 202. The application
program 203 may comprise the ADSM program of IBM Corporation, for example.
Alternatively, instead of an application program, the user data may arise from another
source than the host 202, such as different host (not shown) networked to the system

200, or another hardware device, user, or process.

PRE-FORMATTING & FIXED-PARTITIONING
Storage Formats. Generally

In certaiﬁ r:;,spects, data storage using tape media has traditionally. offered
limited benefits when compared to direct access storage devices (DASDs). The
inventors have discovered, for instance, that known tape storage formats are not
particularly conducive to rapidly locating data.

With known data storage formats, data is stored in a continuous data path that
éenerally stretches from the beginning of the tape to the end of data. With multi-track
tapes, data is stored in multiple parallel data paths. Usually, such data is punctuated
by headers that mark the location of corresponding sub-groups of data called "device
blocks" or more simply "blocks". Block sizes may vary, however, so these headers
do not serve as any type of periodic marker distributed through the tape. In this

respect, some tape formats include a dedicated "tachometer strip" that includes



Tape Managenent Equi pnent Referring to Figure 2, the system 200 i ncludes a
hunber of components to cooperatively nmanage the tape medi um 206 and the

R/'W head 207. Drive equi pnent - 10 - 223 is provided to spool, forward,
and rewind the tape. The drive equi pnent 223 - includes various conponents
(not shown) such as a tape path, tape drive notors, tachonmeters, and ot her
rel ated equi pnment, which may conpri se Kng*n_equipnent. The st ackl oader 208
physically transfers tapes between the diTve equi pment 223 and a storage

| ocation such as a shelf, storage bin, library, or other suitable site for

housi ng dormant tape medi a. The stackl oader 208 rraa)ré co%&)ri se.an ICB%/I 3590
type st aclpeoedieslly distribasedmpekingsoied By aachaReter IO BRRUPREIUERE a
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controll e:lfh’z’éﬂcm%esri %gple}g §t gﬁ'%r!ap o@gggéegérxfat chi ng’ buf f e?asré212/ 14, to
accomodatghedis fle8dfe? Shispurpédespeed of the host 202 and the R'Wdata flow
205. A data conpactor 216 may al so be_included, to reduce the.siz f data
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storage of known sizes, a device block can be easily located by quickly 2 g p
a known distance to reach the beginning of the appropriate segment. No known
storage formats exist, however, where data is ‘stored in multiple fixed-sized data
segmenté whose boundaries are uniformly and consistently defined. In contrast,
quickly advancing to a particular device block is more difficult with the known data
storage format since each device block preceding the desired block may be differently
sized. As a result, it may be necessary to reach the desired block by forwarding
block-byblock past previous blocks, using their headers as guideposts.
Another potential advantage of using regularly spaced data segments is the
possibility of "update-in-place”, where existing data may be updated on tape by

writing over one or more relevant data segments.

Guardband Compounding

As discover:ad by the inventors, however, "guardband compouqding" is a
significant problem in creating fixed-size segments on tape media not equipped with
tachometer strips. As mentioned above, known systems do not provide data segments
with fixed and consistent boundaries. In these systems, blocks of data are stored
seduentially, each block being stored immediately after its corresponding header. As
more and more device blocks (and their headers) are added to the tape, the tape is
eventually filled. Since these formats do not perform update-in-place, adjacent device
blocks may stored without any intervening space or "guardband."

If fixed-size segments were to be created by adapting known techniques,

guardband compounding would significantly reduce the tape’s storage capacity. Even



on the tape nedi um 206. The header nodul e 226 al so has a conpl enentary
function of interpreting header and other non-user data received fromthe
tape medi um 206 via the buffer 214. Also included in the controller 204 is
a track foll ow ng nodul e 220 (or "servo" nodul e), which aligns the R W head
207 with the desired track on the tape nmedium 206. The tension & tape
posi tioning nodul e 222 ensures that the Qriyq_equipnent 223 mai ntai ns
proper tension'on the tape reel 302 (Figurée 3). The nodul e 222 al so nanages
the positioning of the tape nedium 206 by controlling the operation of the
notors of the drive equi pnment 223. The controller 204 may, for exanple, be
enbodi ed i nf edchalgivice pladk wemti tgiopéimalkyt accupy pfixedsized régioh ofitapsn thene slaybr and
| 960[ err] micrpprocessor, a suitable circuit. In one enbodinent,
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be positioned in the region that is assigned to the 61st block. In an attempt to access
the 61st block, the tape drive would thus fast-forward fhe tape to the 61st block a
distance of 61 multiplied by the standard segment length; at this location, however,
the tape drive would find the 60th block, possibly creating a data read error.

Therefore, as each device block is stored in the fixed-size segment system, an
empty region of tape (a "guardband") would have to be laid déwn following that
block. Specifically, each block’s guardband would"provide a buffer in case that block
incorrectly begins too late and extends into the next block’s space. Thus, if the tape
drive fast-forwards or rewinds to the predicted position of a particular block, and this
position is nominally in the previous block’s guardband, the tape drive would not
write over the previrous block’s data.

The guardband would also serve to support update-in-place, since updated data
may be larger than the original data, e.g. because of variations in error coding,
variations in compaction techniques, the addition of more data, etc.

Each guardband would have to incorporate any possible errors in the
positioning of the previous device blocks in addition to any possible errors of the
device blocks of its own segment. Therefore, the guardbands would increase in size
as successive device blocks are written. This is "guardband compounding." And,
since each segment has a fixed-size, segments with larger guardbands would have
smaller data storage capacity.

Accordingly, due to problems with guardband compounding, the inventors have



source than the host 202, such as different host (not shown) networked to
the system 200, or another hardware device, user, or process.

PRE- FORMATTI NG & FI XED- PARTI TI ONI NG St orage Formats, Generally In certain
respects, data storage using tape nedia has traditionally offered [imted
benefits when conpared to direct access storage devices (DASDs). The

I nventors have di scovered, for instance,_ ?q; known tape storage formats
are not particularly conducive to rapidly Tocating data. Wth known data
storage formats, data is stored in a continuous data path that generally
stretches fromthe beginning of the tape to the end of data. Wth

mul ti-trackdevgppsd that pre-Sreatingd téahniguiet desceibpdirkdlow| tad atppqrhitfireed-sigedl | v,
such data is punctuated by headers that .mark the lqcation of cogrespondi ng
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periodi c marker "distributed tthrough”the tape. Inh this reSpect, sone tape

f or mat s i ncotheowise Hedkoasiod ft azhprapphcatonsi p” that i ncl udes - 12 -
periodically distributed markings used by a tachoneter to accurately
position-the tape. The tachoneter strip is not integrated with the data,

however , SOpR-P&RAkRE strip of tape is needed for this purpose. The
i nventors have discovered that in tape systens not configured for

tachometer stri phy particelas the mivegtoriaieatevylopedie ettt foregsfigwring magnetic a
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storing any data, the tape is pre-formatted into a plurality of data storage segments of
equal size. Advﬁntageoﬁsly, sincé the ségments are all defined at one time, the
position of each segment is more precisely controlled; this permits the sizes of the
segments’ guardbands to be significantly reduced. _

As described in greater-detail below, another advantage of pre-formatting tape
media into segménts is that segments may be logically organized into independently
addressable storage regions called "partitions." With fixed-size partitioning, each
partition includes a fixed number of one or more segments; the size of each partition
may be equal, or they may vary. With variable-sized partitioning, however, each

partition includes a user-selected number of partitions, which can change at certain

times, such as when the tape is reformatted.
T

Tape Organization, Generally

Referring to Figure 4, a tape 400 is shown to more thoroughly illustrate one
example of the pre-formatting method of the invention. The tape 400 may, for
eiample, comprise a tape reel of a cartridge as shown in Figure 3. The tape 400
includes a physical beginning of tape (PBOT), a physical end of tape (PEOT), and a
logical beginning of tape (LBOT). Prior to the LBOT lies a volume control region
402 (VCR) along with a pair of data pads 404-405.

The tape 400 also includes a plurality of segment-headers, labeled as SH-0

through SH-N (also numbered 408-411 respectively). Following each segment-header



of known sizes, a device block can be easily |located by quickly advancing
the tape a known di stance to reach the beginning of the appropriate
segnent. No known storage formats exist, however, where data is stored in
mul tiple fixed-sized data segnents whose boundaries are uniformy and
consistently defined. In contrast, quickly advancing to a particul ar device
block is nore difficult with the known daga storage format since each
devi ce bl ock preceding the desired block may be differently sized. As a
result, it may be necessary to reach the desired bl ock by forwarding
bl ock- by- bl ock past previous bl ocks, using their headers as gui deposts.
Anot her poisentia@l sterdyerdgisie suth s ithe stoedpel spaty 408a e thededsa ofaesegments t he
possibilitﬁ of "a£date-in-placef, where existing data may he uggﬁted on
tape by w Neadsy40%:.c Eaelhstomeerogionmare ba accupindaby agmbat of deyies Blogky) such
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conpoundi ng” I's"a sign emin creatin I'xXe ze segnents on
t ape medi afoiliwifg dafapterape répibRehNBd fdferséd tpas a Asegimetiti’oned above, known
systens do not provide data segnments with fixed and consi stent boundari es.:
In these systens, blocks of data are stored sequentially, each block being
stored i g' %uy(ﬁgter Its correspondi ng header. As nore and nore device
bl ocks (an ders) are added to the tape, the tape is eventually
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capacity. _
configuration mapping code (408f). The unique key 408c comprises a combination

of numeric, alphabetic, or alphanumeric characters in a predetermined format, such
: as a prescribed number of binary digits. The unique key 408c is similarly placed in
all segment-headers, and it is unique to these segment-headers with respect to any
segment-headers used in prior pre-formatting of the tape 400. The unique key 408¢c
therefore distinguishes the segment-headers 408-411 as being the most-current (i.e.,
"valid") segment-headers. As described below, using unique keys significantly reduces
the time required to pre-format a tape.
The Segmept number 408d preferably provides a number sequentially
identifying the corrgéponding segment with respect to the other segments, e.g.
SH-0 may be numbered "0". The code 408e simply lists the number of segments on
the tape, i.e. the total number of segment-headers that the tape 400 has been pre-
formatted with. The segment configuration mapping code 408f comprises a code
indicative of the configuration of pre-formatting applied to the tape 400. Preferably,
this code contains a number of binary digits representing a pre-determined
configuration of the tape, which corresponds to a menu of recognized configurations.
Each pre-determined configuration, for example, may include a combination of

characteristics such as the size of each segment, the pattern in which segments are laid



- 13 - if each device block were to optimally occupy a fixed-sized region
of tape, there may be subtle variations anong the bl ock sizes due to the
tenperature, tape tension, tape drive performance, and other conditions at
the tine of data storage. Cenerally, each block of data and its
correspondi ng header m ght be stored at a conpletely different tinme than
the ot her device blocks and their correspy, @dlng headers. Furthernore, when
writing successive device blocks, any positioning error woul d be mai ntai ned
from bl ock-to-block; that is, if one data block is msaligned, the next
data bl ock will be n1saI|gned as well. Therefore, it is possible that the
60t h bl ocloutfar tape o408, estc.nedlsbe thescedeoAQRE Iruaytmmega oepredeatatios. of thegned

to the 61st bl.oc In an attenpt ccess the 61st,.blo the tapg, drive
woul 0t hUSHFERIE SEREER Peementsad fisodmie PRStisyEh Lo i ciegier dptai
mul ti pliedydpywt he standard segnment |l ength; at this |location, however, the
tape drive would find the 60th bl ock, possibly creating a data read error.
Therefore, as each device block is stored in the fixed-size segnent system

an enpty rﬁai.onlé Ef!tape (a "guardband”) would have to be |aid down
fol | ow ng 3 Specifically, each block's guardband would provide a

buffer in case g @?ﬁen%oﬁ&&‘ ab rerasﬁtsle%mgﬁf?a\'rlxgﬁflééjg dadd Sto : %?fo%nﬂlﬁt yo the
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e.g. because of varrations in error coding, Variations in conpaction
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logical blocks 408i-408l. The logical blocks 408i-4081 are followed by a trailer 408m.
A second device block 4080 is preceded by a second header 408n and followed by a

trailer 408p. Finally, an EOD device block 408r is'sandwiched between a header
408q and a trailer 408s. .

As shown by the expanded dépiction of the header 408g, each header in the
set of blocks 408b includes the unique key, the segment number, and certain data

specific to the corresponding device block.

vC

The VCR 402 includes a number of different codes, such as a format code
(402a), statistical error information code (402b), a data location and validity
information code (402c¢), and a directory (402d). The directory 402d includes a copy
of the unique key (408c), the number of segments on tape (408¢), and a copy of the
segment configuration mapping code (408f).

The format code 402a indicates how the tape 400 is formatted, e.g. data-
storage density, number of data tracks, number of servo tracks, etc. The code 402b

maintains a log of the types and frequency of data access errors. The code 402c

provides location information for the different items of data, listing the contents of



device blocks of its own segnent. Therefore, the guardbands woul d i ncrease
in size as successive device blocks are witten. This is "guardband
conmpoundi ng. " And, since each segnent has a fixed-size, segnents with

| ar ger guar dbands woul d have snal | er data storage capacity. Accordingly,
due to problens wth guardband conpoundi ng, the inventors have - 14 -
devel oped the pre-formatting technique degcribed bel ow to support
fixed-sized segnents while substantially preserving data capacity. The

i nventors' pre-formatting technique also serves to significantly reduce a
tape's pre-formatting tinme, which would otherwi se be excessive for many
appl i cat i oach sgmenp and inaming rny pzgasiof Uape contyaingipEaliddatahave devel oped a
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pre-f or mat ideskribed @bave)l urality of data storage segnents of equal size.
Advant ageousl y, since the segnents are all defined at one tine, the

position of each segnent is nore precisely controlled; this permts the
sizes of the Seg&ntsg %uardbands to be significantly reduced. As descri bed
. - a e . .

in greater _ a ther advantage of pre-formatting tape nedia
Into segnents i Fighal 5SGPTER! &n MBXEmPRary OfteCRImiittingJsdtjueaick iplishant to the

i ndependent |y addr essabl e storage re%lgons called "partitions.” Wth
fi xed- si ze ipeentipn, beginrjng dadaskp302.i {libersequanica 99 may ibg querfommpd byosieg@ or

rorE SOk i W SRR R R 2084 B 3t Sl PR Y
of machine-readable instructions of "C" or another programming language. Referring
to-Figures 4-5, the tape drivé is operé.ted in task 502 to '-’pré-forma " the tapé 400 by
defining the segments on the tape 400. The term “pre-formatting" is used because
formatting of new segments is performed prior to their use. The segments are defined

by writing the segment-headers 408-411 to the tape, each éegment—header including
a unique key common to all segment-headers as described above. If desired, task 502
may include a step (not shown) of receiving user ir;put- to define certain characteristics
of the segments such as their "granularity", which specifies the size and/of the total
number of segments.

Importantly, the segment-headers are created free from any interleaved writing
of data to the tape rr;edium. In this way, the segment-headers are created at one time,
avoiding any concerns with gua.raband compounding. Preferably, however, a small
guardband is still used in each segment’s data storage region, to accommodate minute |
discrepancies that may exist in the precise location of each segment-header.

. Preferably, the segment-headers are written in task 502 in the most efficient
manner possible. For éxample, in the case of a multi-track tape, all "vertically
aligned" segment-headers may be quickly defined at one time by repeatedly writing
a segment-header, then aligning with a different track by head switching or head:
indexing, then writing another segment-header, etc. After all segment-headers at one

vertical alignment are defined, the tape is advanced to the next point of vertical

alignment.



partition includes a user-selected nunber of partitions, which can change
‘at certain tinmes, such as when the tape is reformatted. Tape O gani zati on.
Generally Referring to Figure 4, a tape 400 is shown to nore thoroughly
illustrate one exanple of the pre-formatting nmethod of the invention. The
tape 400 may, for exanple, conprise a tape reel of a cartridge as shown in
Figure 3. The tape 400 includes a physi€d8 begi nning of tape (PBOT), a
physi cal end of tape (PEOT), and a | ogical beginning of tape (LBOT). Prior
to the LBOT lies a volume control region 402 (VCR) along with a pair of
dat a pads 404-405. The_tape 400 also includes a plurality of

segnent - header sIn taslo§bédthasvVCR-402 fsr mqhd Secinding & @om ﬁﬁéheegrcm upique

ey DM AR IS S e B R s e
408. Each th Qe t&ggg;éc@xﬂégg%m&u@i gcbam DelnagEt-reberlevi ce bl ocks, such

as the set evi ce In the space 408a. Each segnent - header and
the foll owi ng dht noratadiopgrtiorgafter taskySkkthealrierd®d indasks 506 may jaeelve the

Segnent Codes_Each segnent - header ingl udes, a nunb f diff.eren . The
segnent - h@awvarws aCEFSS OPSIAHIOBS, ﬁ“ﬁﬁ &?:d Wiy prr g%ﬁ Jrasqés)egmant '
number cod ) egu&eoerwgb@a RémeROMEpérforan t he
t ape, and a segne O@o&@gﬁljé‘g%gnﬁr}ga%g{lé%hcode 08f) uhemunl gue key 408c

conpri ses m@ape atdss bétwesn shcoessive prq—fmmattaigeaperatloms Afirdaskn$08, quena?@&t er s
'napr edeztls(lacrs thr!:?}(ljerfaorreggést has u%een received to create a new configuration of segments-
by re-formatting the tape. If not, control returns to task 506 to permit more tape
access. If query 508 answers "yes", however, task 510 creates a new uﬁique key. If
the unique key is a sequence of binary digits (as described above), task 510 may be
accomplished, for example, by incrementing the digital sequence by one or more units.

After task 510, control returns to tasks 502/504 to pre-format tha tape with
new segment-headers and the new unique‘key. At this time, further user input may
be received (not shown) to define various characteristics of the segments, such as their
granularity. In most cases, the new segments’ granularity will differ from that of the
old segments. Duriﬁg pre-formatting (tasks 502), the new segment-headers and VCR
are simply written over the existing segment-headers and VCR. Previously-existing
data not written ovér by the segment-headers remains on the tape, as no erasing is
performed. '

After the tape is pre-formatted to define new segments (tasks 502/504)_, the
drive 223 may conduct further tape access in task 506. Such tape access operations
are conducted by referencing only the segment-headers and device block headers that
self-demonstrate validity by containing the latest unique key. Old data and header
information is ignored. Using the unique key in this way drastically reduces time that
would otherwise be required to pre-format the tape. Advantageously, however, old-
data and header information may still be used for reasons such as data recovery,

reconstruction, or other procedures that utilize old data.



as a prescribed nunber of binary digits. The unique key 408c is simlarly
‘placed in all segnent-headers, and it is unique to these segnent-headers
with respect to any segnent-headers used in prior pre-formatting of the
tape 400. The uni que key 408c therefore distinguishes the segnent-headers
408-411 as being the nost-current (i.e., "valid") segnent-headers. As
descri bed bel ow, using uni que keys signjﬁ%cgntly reduces the tine required
to pre-format a tape. The segnment nunber "408d preferably provides a nunber
sequentially identifying the corresponding segnent with respect to the

ot her segnents,.e.g. SH O may be nunbered "0". The code 408e sinply lists
t he nunberpgﬁﬂﬁgg%pnts on-the tape, i.e. the total nunber of

segnent - headers that the tape 400 has been pre- formatted with. The segnent

confi guration ndpgesigde threseqoencec 3 maydaclude Saghar RERs{npY ehayym); iedefine

configuration of pre-formatting, agpli t "]‘Q‘Qt efer hi s
code cont ai*f ﬁe%‘?ﬁ?geals Bt ! H?%{ang gﬁ'(ﬁgesls%%% gg(éaﬁ%lﬁ)%g ) 6tr1§£ﬁ(§ et?%lt%%ncftd
confi gur at bpsvedf It thes éABLthe BbmBnE S HfRAPATHISMbPpiAg TBAE 408f 4166 egnstitads a
configurations. Each pre-determ ned configuration, for exanple, may, include
a combi nat i"partitibn directarys previding adicectory torthe afidieshef eaghriixedgsian partition
pattern in vxéji.ch S gﬁi{ants are laid - 16 - out on tape 400, etc. Also,
the code 46_% “ﬁeff)n Ontain a representation of the mapping between segnents
and fixed-size gabhétn@Baimes, tHeGHEPBEla bile-80-6i3¢ Miappiak betwdenl partitidadnde

Bl ocks As nentioned above, each segnent includes a data storage region that
may segments.  Alternatively, instead of using single-segment fixed partitions, an

application may require assortgd sizes of fixed-size partitions, each partition including
one or more adjacent segments, as required by the application: For example, a tape
may be defined with 64 segments allocated to three five-segment partitions and one
49-segment partition. In embodiments having partions of assorted fixed sizes, the
mapping between segments and partitions may be maintained in a partition
configuration mapping code 600 (Figure 6), which is included as part of the directory
402d. As an example, partition sizes may be established by receiving user input (not
shown) prior to tasks 502 and 504.

As another alternative, certain steps of the sequence 500 (e.g. 502 and 504)
may be performed by a dedicated high-accuracy pre-formatting machine at the time
of manufacturing t};'e tape media. In some applications, this -may provide greater
precision in pre-formatting as well as greater convenience for end users.

In still another embodiment (not shown), segments may be defined in groups
as needed, instead of defining segments across the entire tape. In this embodiment,
for example, task 502 (figure 5) may be initially performed to define segments-headers
on a designated portion of tape, such as the first "track group" or "wrap half". Then,
after the pre-formatted portion of tape is filled during a period of tape access (task
506), task 502 may be repeated to define a new group of additional segment-headers-

in a remaining track group or wrap half of the tape.



contain a nunber of device blocks. Each device block is preceded by a
header and followed by a trailer. The |ast device block conprises a code
signalling the end-of- data (EOD), i.e. the final device block in that
segnent. As an exanple, Figure 4 illustrates the contents of the device

bl ocks stored in the regi on 408b. A header 408g precedes a device bl ock
408h containing nmultiple |Iogical blocks_ﬂgﬁi-4081. The | ogi cal bl ocks

408i -4081 are followed by a trailer 408m second device block 4080 is
preceded by a second header 408n and followed by a trailer 408p. Finally,
an EOD device bl ock 408r is sandw ched between a header 408q and a trailer
408s. As shown by th@®RBFORMATIHPIGt VARIMBLEPARFBIEONIDEY, each header in
the set of_bl ocks 408b includes the unique key, the segnent nunber, and
certain dak&¥%ecific to the corresponding devi ce bl ock. VCR The VCR 402

82 2 e Bl AR S R RS 8Eye

statistical error 1rmforna ocation and validity
i nf or mat i ogachdneudebGuser-selected ndinbee bHsegniehts? sccedseclylidefinedr Reftidug to

i ncl udes a_copy of the_unique key é408c .. t.he nunber, of sg‘ggents .on, tape
(408e), ankiglre6pynasy feares gfantiablsnpartjtioning ke FipHando dBGd RUBHPRINETHe

f or mat COd&eﬁé@‘rg@do%%gquﬁtﬁ?“‘%o‘w the tape 400 is formatted, e.g. data storage

density, nu ta trPacks, nunber of servo tracks, etc. The code 402b
mai nt ai ns a | ogHolwev&g cérygin shatctefisttuyueamydifieddabheconnneadate pantitioas whhse code
402c provides | ocalgi on information for the different jtens of daJa étj sting
t he cont en$iZesgfary. For instance, in addition to the segment configuration mapping code 408f,
the directory 402d also includes a partition configuration mapping code 600. As
mentioned above, the segment configuration mapping code 408f comprises a code
indicative of the configuration of segment pre-formatting applied to the tape 400. In
contrast, the partition configuration mapping code 600 indicates the mapping between
segments and partitions on the tape 400. In the illustrated example, three partitions
602-606 are defined: (1) the two segments between SH-0 through SH-2 constitute
partition zero (602), (2) the multiple segments between SH-2 (410) and SH-N (411)
constitute partition one (604), and (3) the single segment following SH-N constitutes

partition two (606).

Variable Partitioning, Generallv

For explanatory purposes, segments are considered to be sequentially ordered
according to their respective distances from the tape’s beginning, segments nearer the
beginning being “earlier” ordered than segments relatively farther from the tape’s
beginning. Initially, the entire tape represents a single partition. When a set of device
blocks or other user data is received for storage to the tape, the blocks are sequentially
written to the minimum number of contiguous data storage segments required to store
the blocks. Preferably, each set of device blocks is stored beginning in the earliest--
ordered available segment available on the tape. Having written a set of device blocks
to the minimum number of segments, these segments are defined as being a first

partition; this is called “closing out” the partition. Then, all remaining (i.e.,



- 17 - each segnent and nam ng any areas of tape containing invalid data.
‘The directory 402d includes simlar information as the segnent-header 408,
descri bed above. Pre-formatting Sequence Figure 5 depicts an exenpl ary
pre-formatting sequence pursuant to the invention, beginning in task 502.
The sequence 500 may be perforned by using a digital data processor such as
the controller 204 or the host 202 to exeZute a program of nachi ne-readabl e
i nstructions of "C' or another progranm ng | anguage. Referring to Figures
4-5, the tape drive is operated in task 502 to "pre-format” the tape 400 by
defining_.the segnents on the tape 400. The term"pre-formatting" is used
because f ormBéduphd) @bgreNts 2FE HEficd 4sSa Bedohdrpartitiqu.i or to their use. The
segnents are defined %y writing the segnent-headers 408-411 .to the tape,
each segment - heaWhen mese deipeybleckmargrecsiusd o5 siasaes 19 the fapsetis¥ Are We’%ﬂafg’rs as
descri bed above. If desired. tas 02. i A0t AS f
recei vi ng 2 R ?fpm“? Se%'gf?tﬁea%ctglﬁsoae%h Cr ngbgﬁg?gﬁfgﬁg?&gheﬁggﬂ?@ such
as their "ghaibet of sdpmentdilipeéferabBLudedas stobetheines devikedslotkse Hating writtdner  of
segnents. Inportantly, the segnent-headers are created fa\%e,fro ane/ q .
i nt er | eavedheseidaving Blocksaithe second epartifien idrlated oW 14y te-defining e secon
segnent - header s are,created at,_one {. L. di e N§nBkddhi

guar dband GSRPETh&Y R&nggﬁmgfrgpvd%l%;guwggv\zss%r?l, ﬁ%’ sﬂngl %%ﬁ%ﬁgggﬁd%yc%%lf?) used

in each seqgpmbns adRHefisddPaP@e thitdigaritiony Hadbtheowpe és filledyt fatdesiate prayci es
that may exi st in the precise |ocation of each_se rrent-h%%der.. Pr %fﬂgr ably,
t he segmentberstorgdrby ereating additipnal partitionssrs deseribgdeabays, easns PAHUAR ha¥iNge,

i bl e. I ' h f ls= I i cal l
B T oned s coBRE Banar ebmaypE BarEenPolkbt dah Ep e Tl el

witing -

Variable Partitioning Sequence
Figure 7 depicts an exemplary variable partitioning sequence pursuant to the

invention, beginning in task 702. The sequence 700 may be performed by using a
digital data processor such as the controller 204 or the host 202 to execute a program
'of machine-readable instructions of "C" or another language. In task 702 input is
received specifying whether fixed or variable partitioning is to be used, and also
specifying other parameters related to pre-formatting of the tape. These parameters
may include, for example, the segment granularity. Then, in task 704 the tape drive
is operated to deﬁn‘g the -segments on the tape. This is achieved as discussed above
with reference Figures 4-5 including the sequence 500.

_ After task 704, query 706 asks whether variable partitioning was specified in
task 702. If not, control returns to the process of creating fixed partitions, e.g. task
506 of Figure 5. Otherwise, after query 706 a command is received in task 710. The
c&mmand may be received from a user, such as a host, an application program, a
human operator, or another device or process. '

In response to the command of task 710, the drive may access the tape, locate-
data, or close out a partition. If the command specifies tape access, in task 712 the
drive 223 performs various type access operations as required, such as read, write, and

seek operations. If the command (task 710) specified a locate operation, in task 714



a segnent-header, then aligning with a different track by head sw tching or
*head i ndexing, then witi.ng anot her segnent-header, etc. After all
segnent - headers at one vertical alignnent are defined, the tape is advanced
to the next point of vertical alignnment. - 18 - In task 504, the VCR 402
I's created, including a copy of the present unique key 408c. The copy of

t he uni que key in the VCR 402 provi des ar?2i ndex identifying the
segnent - headers of task 502 as being valid, i.e. nost-recent. In nornmal
operation, after task 504 the drive 223 in task 506 may involve the tape in
various access operations, such as read, wite, and seek operations. Task
506 i s prether dfivey 20pt isodirectedauelveate thie ndssired adata. ndé dpastitiom ecleggyout was
requirenent to performtape access between, successive.pre;fornatt]

oper at i onsTednested 1 tagk 7596‘,“‘5’&@53?35%8‘“5&9%'&’ e?peéae-t?éé)hﬁéossfn%g uE%rr]xt
received t £ B’Hm SENE egtsf ormatting the
tape. If n ?r?{lggtﬁtﬁggf&?éggﬁfﬁésw 0 ta%rﬁﬁgggalfo pe?in%%t&grrg{e tape access. |If
query 508 answeRdtet yas" of hasksVEl2-716s guay 0718 asksewhatheew medugsiehaepeent the
uni que key is, a,sequence of binary digits (as ,descrihed above), 10 -
may be accHepIved e @re-foymat fhe g Wighyn WéF@%E‘Hf}feﬁ e‘?h?&f’@i?ﬁ?%?&%@%é‘i by
one or nor b S : tﬁﬂﬁu 1 r ol S; el fRphattine 2ha) beb®
pre-fornmat &fﬁ?@ﬁ%&vﬁ&‘?ﬁenew segg?r%nt - Egédgrté%%éjtl&&new uni qge ke& At
this tine, réquested;rtasks F20igenetatesey nbw umiqus keyl and getusisoeentrol do daski ¥e4 e i ous
characteristics of the segnents, such as their granularity. In nost cases,
the new seBp@iRtthe PE-FoTmatiing Drogesst differ fromthat of the ol d segnents.
During pre-formatting (tasks 502), the new segnent-headers and VCR

Contiguous & Non-Contiguous Data Storage

With "contiguous data storage”, each partition includes adjacent data segments

only. The foregoing example of Figure 6 uses contiguous data storage. One
~advantage of the partitioning system of the invéntion, however, is the possibility of

non-contiguous data istorage. With non-contiguous data storage, the segmehts of each
partition may or may not be next té each other. '

Non-contiguous data storage broadly resembles contiguous data storage in
many respects. For instance, the tape is partitioned using the sequence 700
(Figure 7) as described above. However, after the tape has been par_titioned as
described above, a:"free pool" (not shown) is maintained listing all segments not
assigned to a partition. Then, each time task 710 is performed, additional "de-
allocate" and "allocate" commands are also recognized. The de-allocate command
removes a specified segment from a partition, donating it to the free pool. The
allocate command removes a specified segment from the free pool, assigning it to a
spéciﬁed partition regardless of the specified segment’s position on the tape.

The non-contiguous data storage sequence may also include a number of
different routines (not shown) for optimizing allocation, de-fragmentation, etc.

As a further enhancement, another embodiment of the invention provides an
increase in data storage capacity by selectively writing over certain segment-headers.

In particular, when multi-segment partitions have been defined, data may be written



are sinply witten over the existing segnment-headers and VCR

Previ ousl y-exi sting data not witten over by the segnent-headers renains on
the tape, as no erasing is performed. After the tape is pre-fornatted to
define new segnents (tasks 502/504), the drive 223 may conduct further tape
access in task 506. Such tape access operations are conducted by
referencing only the segnent-headers and ggvice bl ock headers that

sel f-denonstrate validity by containing the | atest unique key. A d data and
header information is ignored. Using the unique key in this way drastically
reduces tinme that would otherwi se be required to pre-format the tape.
Advant ageoersir\all ingvehe dnitiablsepmetatheadens iheapatitionf crhis@pproacnyo sxkpandipg used

for reasons.such .as data recoyery, receonstryuctio or other procedures that
W1 zo ol Satg dath stotage capagy i pamsriang aPPICRLY RLESHpnSRyT ARG AEE my
i nclude f gt ih8rcontekPDf (VACTabRNOWRked g;aﬁﬁidrﬁﬁ%, eHOusle YrERAriBSsidlled artisans
i ndependent |y addressabl e fixed-size "partition,"”" as nentioned above. In
t hi s case, (hawiagsbe benefitcafithisydiscloswe) mald pecognizsdbatiotbér applisatomsexistut es a
"partition directory”, providing a directory to the address of each .
fixed-size partition and its contents. In one enbodiment, there may be a
one-t 0- onep } ng between partitions and segnents. Alternatively, instead
of using single-segnent fixed partitions, an application may require
assorted sizes Ahothex enhtsidimentaofi the oimyenticrc lis fantomatesh padding i mhidnés or
more ad| acaeprfatlicgbﬁ n’;%n\trgriab?es prm@n i’él{lﬁg v?%htetl]t eraggrlltkézu%tuls OoF n('):r%or?ﬁ(gau%.%ls atd tape
storage. With automated padding, one or more empty data storage segments are added
to each partition when that partition is closed out. The number of additional segments
may be selected by a user in response to characteristics of the data in that partition.
To temporarily disable automated padding, the user may select "zero” as the number
. of additional segments, for example. In an alternative embodiment, the number of
additional segments may be automatically selected according to a default value,
specified in advance by the user. This default value may set to zéro, if desired to
disable automated padding. .
Automated padding is especially useful in support of update-in-place
operations. In particular, updated data often occupies more space than the original
3
data, even if the uanted data contains the same number of bytes as the original data.
This condition can occur where, for example, the updated data is enlarged due to
variations caused by error checking algorithms, etc. With automated padding,
however, extra space may be reserved on tape for possibly larger sets of replacement

data blocks that may be larger than the original data blocks being replaced.

FLEXIBLE-CAPACITY SCALING

In General
As mentioned above, many basic tape storage systems store data in serpentine
fashion, and some more advanced systems use fixed-capacity scaling. The inventors

have improved these techniques by developing "flexible-capacity scaling," described



may be defined with 64 segnents allocated to three five-segnent partitions
‘and one 49-segnent partition. In enbodi nents having partions of assorted
fixed sizes, the nmapping between segnents and partitions may be mai ntai ned
in a partition configuration mappi ng code 600 (Figure 6), which is included
as part of the directory 402d. As an exanple, partition sizes may be

establ i shed by receiving user input (not %hhc_)vm) prior to tasks 502 and 504.
As anot her alternative, certain steps of e sequence 500 (e.g. 502 and
504) may be performed by a dedi cated high-accuracy pre-formatting nmachi ne
at the tine of manufacturing the tape nedia. In sone applications, this may
provi de gr eafdlows: e¥ith fexible-qapacifyosaating.i dagp tssstorstl|onas mylie-dxagk tansnwsdng ence
for end users.. Ln still. another embodi nent .(not shown e n may be
defined i nagﬁm}'ﬁfg SEEPSREBg PRt s t g@ aols &Eﬁﬁﬁ&?@aﬂﬁgﬁ%ﬁe{d: “gg? o‘téqssnt’tr’lliléu%nti re
tape. In tRosriRFRNH BERIultifle adfRX Pdtiokell 38tpenline pht&HS.C The m§mtibﬂli§| all'y
performed to define segnents-headers on a designated portion of tape, such

as the firseontinuoasin thabsagiential ‘aocesp ofiall devica hkogks isfpassibleeithous-aflyaneang ed
portion of ,tape is filled,during a period of tape access,(task 506)}..task-
502y betecaacmdiin Gokimbve wdfegiosn g raile buRe Sdenfl e e o1,
a remai ni ngrder@fieviéObRcRs. Wap half of the tape. - 20 - PRE-FORVATTI NG
VARI ABLE PARTI TI ONI NG Layout Broadly, variable partitioning involves the

use of data stoMare patitulailpnFigurers: depicts & rmoblidgacka tapee BOQG dllusirasingnamber
of - segment g;’ca.rrsxp 6% ﬁti.x\{glleycagggitiynsecglingR.ef’lel{er tiagéJ 808 contains bi-directionally stored
data; this is indicated, for example, by the directions shown by the arrows 802-803.
The illustrated data storage pattern employs three adjacent stacked serpentine patterns
806-808, although a greater or lesser number of multiple stacked serpentine patterns
may be used pursuant to the invention. In each serpentine pattern 806-808, the data
path winds back and forth across mﬁltiple tracks within prescribed boundaries of the
tape. ‘
This configuration is most advantageous when the items of data are ordered
in some fashion, that is, there is some significance to the order in which the items of
data are assembled. For example, items of data may correspond to measurements
made at successively increasing time periods, alphabetically arranged names, textual
summaries numerid‘ally arranged according to docket numbers, etc. The data items
are preferably storeél in a sequence corresponding to this order. For example, using
the example of Figure 8, the data items 810-833 represent data items of sequentially
increasing order. If the items of data are sequentially ordered, data locate operations
will advantageously involve a minimum of tape movement by the drive. These
operations offer even more drastic improvements in data locate efficiency in cases
where gaps exist between the data items. This is because items of data adjacent in
sequential order are stored in adjacent locations on tape. For instance, items 810 and
811 are stored at adjacent locations on the tape 800.

Moreover, as shown by the directional arrows, including the arrows 802-803,

the data storage pattern is continuous; data blocks that are adjacent in sequential



Figure 6, many features of variable partitioning are simlar to fixed
partitioning, described above in Figure 4. However, certain characteristics
are nodified to accommodate partitions whose sizes vary. For instance, in
addition to the segnent configuration nmapping code 408f, the directory 402d
al so includes a partition configuration mappi ng code 600. As nentioned
above, the segnent configuration nappingiﬁoge 408f conprises a code

i ndicative of the configuration of segnment pre-formatting applied to the
tape 400. In contrast, the partition configuration mappi ng code 600

I ndi cates the mappi ng between segnents and partitions on the tape 400. In

t he il ust omlerdg exxargbivays talljaeentpitr the idatasp&RB2- B0d, atue thefthenpdtterndy patie t wo
o0 segnents between SH 0 through SH 2 constifute partjtion zerq 02), (2)
the mul ti pfeaueEtphercess gée sipred quithg)tapenig PSFﬁlﬁﬁ(‘xﬁt)ut@qum t%é"' 2ape

pa 1) o BRSER o Gl o B REPL el oS ThEpsihut oo

pur poses, dedoeblosksark cthaswirisglittlecotio wpenmivemeht s meded tdpmgesss diom t o
their respective distances fromthe, tape' s _beginning, segnments nearer the:
begi nni ng ﬁ\@l%’& of one| dats ttery; tgcthe peginamngseifhe pext ﬁi%tﬁéﬁe%eg?r CAAEPIE 1PMS M t he

tape's begpiwi 1t l.foBat ePfiRs : | tion.

When a setglﬁh@gﬂ‘{:g} %%‘ﬁ%{eét’oa%%g? E‘gﬁsu@grﬁ@?? g' i's ré‘i(?:%ia\l/dglgSl kéggé giz%’f%%dé to

the tape, 83K 83206k 833 ds fikewis tdoatihitousl | Adcessii® dafacwith flexible-geathgy thu

contiguous data storage s%grrents required to store the blocks. Preferably,

each set ofeqHEes & amdigurofitape mavemepkgi nning in the earliest- ordered

avai | abl e segne || -abd. the .1ap A3V ' L&e

Bl ocke to ¢ he misioBean A Erech ASIHRRRed iellin eah bR brbIORid Bred HES

bﬂ ng a fitietdp@icbinplaely filké thd fapepluhlike Tixed-ehparityuscalinfe Inathis siteation, Then,

all remainin i.e., .
ﬂe)%bl(e-capacity scaling provides rapid access of sequential data because sequentially

proximate items of data are stored in proximate locations.

In addition, flexible-capacity scaling can still be used when data does not
completely fill the tape, like fixed-capacity ééé.ling. Figure 9 illustrates an example,
where the data items 902-915 occupy two-thirds of a length of tape 900. Here, the
data path includes two stacked serpentine patterns 950-951. The remaining section of
tape 952 is empty. After the items 902-915 are stored on tape, however, additional
items of data may bF stored according to a data path progressing (as needed) through
locations 916-925, respectively.

Figures 8-9 demonstrate that a continuous data pattern can be created with
even as well as odd numbers of serpentine patterns. The configurations of Figures 8-9
are merely provided as examples, however. Other variations of these data storage
paths may be used to provide continuous access to ordered data stored in multiple
stacked serpentine pattéms. For example, the serpentine pattern may start at mid-tape
(not shown) instead of the tape’s beginning (as illustrated), to support mid-tape

loading cassettes.



- 21 - unoccupied) segnents are defined as a second partition. \Wen nore
device blocks are received for storage to the tape, they are witten to one
or nore segnents at the beginning of the second partition. A m ninum nunber
of segnments is preferably used to store the new devi ce bl ocks. Having
witten these device bl ocks, the second partition is "closed out" by
re-defining the second partition as beingéthe newly occupi ed segnents. Al
remai-ning (i.e., unoccupied) segnments are defined as the third partition.
Until the tape is filled, future data may be stored by creating additional
partitions as described above, each partition having a variable size as
appropr i atRexibletOpaeitp \Sehling Wish Pastitiondak t herein. Vari abl e Partitioning

Sequence Figure 7 depicts an exenplary.variable partitiopin equence
pursuant to theAp ﬁmpéﬁsnbségnmq{g'qurb\i% ﬁ%c%ﬁgﬁ*f‘ﬁé“% %Eﬁ@%"%gedﬁﬁ’y be
per f or ned Usi ng. | g1 tal : rqag%ﬁ u Odetp n@lstad4 or

t he host fgéw#%pggletgo&?ﬂegahgrogggé%@f nac ?ﬁr%eer-ﬁf ggbmééﬁﬁﬁgtrucﬁt{)n;tof "C'
or anot hermhypbgdesiimhatddustonssegifient. Ifeginents in drieananpesmeat ifay ibeguatassively fi xed

or variable partitioning_is to be used, and_also, specifying other
par anet er swimhezgdsin pEopaTHOR 3P e tadygnesmeng é’fttg?)éi.atar%ﬁ é‘e € rSSREEAPSs Oty

i ncl ude, for . _ ' i d ape
drive is o°;5’5‘re§§°2"§m§t°d§$t§de e sggmt‘%‘%?j’ %%eszglgglg.s d']rﬁ ?#g%ﬁ%dg?ed as
di scussed @poitemwigb-933f @ignes)Fi gures 4-5 including the sequence 500.
After task 704, query 706 asks whether vari agl e-partitiglegnguﬁaa.sgg%ified
in task 702. | fAKemativel# sreatesonlesser mmnbes of partkioas grayhedneiuggd i
partitions, e.g. tas 6 lgu ] : a mrand
o receivel eﬁgpggwa%ggo%@lg, U8k Iwaltl Hnﬁgf\i\ﬁaﬁde @%ﬁf tHIEE prtiffoRs .'I‘bo
illustrate a specific example, a tape may be defined with 5/2 segments where direction

reversals occur after every fourth segment; in this example, each swath includes form
partitions. . Increasing the number of segments in each serpentine swath may be
advantageods in some applications, such as those applications having a fine segment
granularity; in these cases, ﬁaving longer swaths helps to maintain desirable read/write -
performance, which may otherwise be restricted by a large number of reversals in tape
path direction. Furthermore, partitioning with flexible-capacity scaling may be fixed
or variable, employing the teachings provided above.
,
OTHER EMBODIMENTS

While there have been shown what are presently considered to be preferred
embodiments of the invention, it will be apparent to those skilled in the art that
various changes and modifications can be made herein without departing' from the

scope of the invention as defined by the appended claims.



command may be received froma user, such as a host, an application
‘program a human operator, or another device or process. In response to the
command of task 710, the drive may access the tape, |ocate data, or close
out a partition. If the command specifies tape access, in task 712 the
drive 223 perforns various type access operations as required, such as
read, wite, and seek operations. |If the qunand (task 710) specified a

| ocate operation, in task 714 - 22 - e drive 223 is directed to |ocate
the desired data. If partition close-out was requested in task 710, task
716 perfornms a "close-out” operation, closing the.current partition and
creating a new partition fromall rem@llbAMMSsegnents. After any of tasks
712-716, query 718 asks whet her a request has been received to pre-format
the tape wi WHABISSdeMMEN S ders. 1f not, control returns to task 710 to
recei ve anot her command. Otherwise, if pre-formatting has been requested,
task 720 generates a new uni que key and returns control to task 704 to

begi n the pre- f oAnmtthod Fop pes s mattlinriagneticstage m@mmpgumgsthmﬁ@sa or age
Wth "contiguous data stora

: h tit d dj nt
segnents only. Tﬁ?—,ﬁffl@géé' “é%llé)?rg%é‘a asrt‘?flﬁg‘lug%‘%g u 8 %46&3%? rggélﬁm
storage. One advant agquw,?ts,{%?ﬁ %,i ﬁi@aﬁérsttbﬁxétay@ﬁiedﬁﬂn said

con guo

however, is the possi ata storage.

non- cont i guous data- Sw}{tﬁ@%elﬁ@peﬁ@gﬂmhﬁee ﬁbnmlytmmleavd;d wntmay'f gserriaa not
be next to each other. Non-contiguous data stor C{)E_oadlﬁ [i£s¢e | eS b
conti guous data st oragethqqtape medium, adjacent ones 0 a1 irst plurality o1 seg

headers being evenly spaced apart by a first predetermined interval,
-each one of said first plurality of segment-headers containing a first
predetermined key common to all of said first plurality of segment-
headers; and

storing the first predetermined key in a key index to identify the first plurality

of segments as being most recent.

2. The method of claim 1, further comprising a step of, prior to the writing step,

receiving a granularity input specifying the first predetermined interval.

3. The method" of claim 1, further comprising the steps of:
defining a second plurality of data storage segments on the tape medium by
writing a second plurality of segment-headers to the tape medium said
writing being performed free from any interleaved writing of user data
to the tape medium, adjacent ones of said second plurality of segment-
headers being evenly spaced apart by a second predetermined interval,
each one of said second plurality of s'egfﬁent-headers containing a
second predetermined key common to all of said second plurality of
segment-headers, said second predetermined key being different than

the first predetermined key; and

| O



many respects. For instance, the tape is partitioned using the sequence 700
“(Figure 7) as described above. However, after the tape has been partitioned
as descri bed above, a "free pool"” (not shown) is nmaintained listing all
segnents not assigned to a partition. Then, each time task 710 is
perfornmed, additional "de- allocate” and "all ocate" comrands are al so
recogni zed. The de-all ocate conmand rempves a specified segnent froma
partition, donating it to the free pool. The allocate command renoves a
specified segnment fromthe free pool, assigning it to a specified partition
regardl ess of the specified segnent's position on_ the tape._Tht%

non- cont i guous siaﬁagshe)sa@eds;qummnﬁgyeml%@ keycindgx ta identifyrthgseertd er ent

routi nes (not shown or..opti m zi ng al,l ocati -fragnentation, etc. As a
( ) ol Erpens s rens meRireclf { 10

further enhancenent, I'Aventi on provi des an
increase in data storage capacity by selectively witing over certain
segnent - headers. In particular, when nulti-segnment partitions have been
defined, data nihe method oftcdaim 3, the 36cond predeterimings interyal bejng different than

segnent - headers in.a partition. This approach to expanding effective data
st orage ca‘g‘ﬁcf;rﬁglpﬁegetﬁg'ﬁ’é’ﬁiéﬁﬂie?'a%ppl i cabl e to non-contiguous data storage in
the context of variable or fixed partitioning, although ordinarily skilled

artisans (having the benefit of this disclosure) will recognize that other
appl i cati ofis exThé .méthodliafoeldinodh durtherbeatinprising @f step@f priente dhe istep of

! d paddi ng", ich I | i cab i abl i tionj '
er thor  conbPaa8sEe sieond sl Gussmeashee, FAgs WAL BHEPE s A g
one of Mo g &UREeAhEs 8F Mot PRAIAYISE RpReadded

6. The method of claim 5, further comprising a step of, after the step of writing
the second plurality of segment-headers, writing multiple blocks of user data into
selected ones of the second plurality of segments irrespective of any blocks of user

data previously'written into the first plurality of segments. !

7. The method of claim 1, further comprising the steps of defining each segment

as an independently addressable partition.

8. The method' of claim 1, further comprising the steps of defining a first
predetermined number of independent by addressable partitions, each of said partitions

corresponding to a different group of at least one data storage segment.

9. The method of claim 8, at least one of the partitions corresponding to multiple

data storage segments.

10.  The method of claim 8, at least one of the partitions corresponding to a single

data storage segments.

A



to each partition when that partition is closed out. The nunber of

"addi tional segnents nay be selected by a user in response to
characteristics of the data in that partition. To tenporarily disable

aut omat ed paddi ng, the user may select "zero" as the nunber of additional
segnents, for exanple. In an alternative enbodi nent, the nunber of

addi tional segnents may be autonaticaILyz?elected according to a default
val ue, specified in advance by the user. This default value may set to
zero, if desired to disable automated paddi ng. Autonmated padding is
especially useful in support of update-in-place operatjons. In particuylar,
updat ed dath of The oEelaim 8e wheraie afistrenerpd the partitions &F&‘tl’é‘?esét?e‘ﬁlt} t he

dated d t ai t h nber... of hi
Conai £ 1 on WA GEREh SRREPLTATIER LA i R isAfel A AL BAC s Guenl 12

vari ati onsqgaussded ¥e@hét mehRakbNa 8bE@poidig nuedler off fubsequentatgmdent-
paddi ng, however, extta space nmay be reserved on tape for, possibly |arger

sets of relptadersyemaid daethod| Hicther i comnprising (the | enserf tehaNging datrgFéRECWat a
bl ocks being.replaced. FLEXI BLE- CAPACI TY SCALI n - Al L aned
above, nan %%H%B ptpe {IISBP °§%& &ﬁ’é‘r@t‘gféhﬁgsgu rtll%ggrﬁ%%n ] ngﬁqasgélﬁ%n,
and some W@?ﬂ@ﬁ%&%ﬁﬂﬁé%ﬁﬂ&qﬂé& Jelotfedlt-Reudess witile atdidirg ansherritingesueor s

have i nprov ese techni ques by devel oping "fl exi bl e-capacity scaling,"”
descri bed the initi2dl segraentflddades. Wt h fl exi bl e-capacity scaling, data is
stored on a nulti-track tape using a hybrid serpentine pattern. Data is
bi-directionally stored in a continuous

12.  The method of claim 1, the key indgx being contained on the tape medium.

13.  An article of manufacture, comprising a pre-formatted magnetic tape medium
containing a first plurality of segment-headers writtgn to the tape medium free from
any interleaved data, adjacent ones of the first plurality of segment-headers being
evenly spaced apart by a first predetermined interval, each one of said first plurality
of segment-headers containing a predetermined key common to all of said first
plurality of segment-headers, said tape medium also containing a first plurality of
storage segments each corresponding to one of the first plurality of segment-headers
and residing on the tape medium immediately following the corresponding segment-
header. " '

14.  The article of manufacture of claim 13, each segment-header also including an

identification of an interval following said segment-header.

15.  The article of manufacture of claim 13, the segment-header also including a

total count of segments on the tape medium.

16. The article of manufacture of claim 13, the segmént-header also including a
configuration mapping code representing arrangement of the segments on the tape

medium.
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configuration of nmultiple adjacent stacked serpentine patterns. The
“configuration is continuous in that sequential access of all device bl ocks
i s possible wi thout advancing the tape nmediumto skip over any regions

i nterveni ng between adj acent ones of the ordered device blocks. Mre
particularly, Figure 8 depicts a nmulti-track tape 800 illustrating an
exanpl e of flexible-capacity scaling. Thgptape 800 contains
bi-directionally stored data; this is indicated, for exanple, by the
directions shown by the arrows 802-803. The illustrated data storage
pattern enpl oys three adjacent stacked serpentine patterns 806-808,

al though a greater or |esser nunber of nultiple stacked serpentine patterns

may be used,purspant to t i ' . a%ha F RRRLd RAbiREess 3efi808,
the data pggh Wi cfga%}fgl& %ﬁa lﬁ%‘rﬁp‘h{ g{)}r S!sggmgru t ;’{ae tragﬂlgywi Phi n pr egrcg?i bed
boundar i es eécutéioh aidata processinn by gerhptdidnapescomprisingtvant ageous when the .
itens of data are ordered in sone fashion, is, there i,s sone

f hat
si gni fi cance to & dasa sirdeture sorasi om seiddapy, said dnta guychuse welidingnh) o4 For
le, it fdat javel y
exanpl e, itens o%féﬁﬁfggga,{rﬁéIogg%@g@%%&&ﬁgﬁggﬁ Writleh tBRACBL nRidEEaTRe €l ¥

increasing tine y arr nanmes, textual summaries

nunerical ly arranged gRemoafy rMdterleadied ldata, ndjdvents oned of fheefickht pluralisysofar e
preferably stored in a sequence corresponding to this order. Folg exz,r{gl e,
using the exanpl e of segmentheader hdatanhieqts dsings evely Fpaesst 8Bat PY A 417t ens

of -sequentially incr easig%gﬁcl)%%grwar{,algggcﬂ %E%fogﬁgﬁﬁvgﬁlﬁfwnw

ordered, data |locate %"ﬁ vantageously 1n e a m ni-mum of

tape novement by the gladuedathibjeto BSitaining s prddeiminedrkeyoccenmoadoiall of
i nprovenents- in data |locate efficiency in cases where gaps exi st between

the data itens. This said fiesaplurality ofsegmnenideadess adent in sequenti-al order
are stored in adjacent |ocatigns on tape. ,For.inst i : 11
are stored at a §E§ ﬁ‘ﬁ“rlaﬁf?'a?# gﬂgaggﬁegwgng datz 0 ﬁt_ss B SorrbdpBBirE B ol
: the first plurality of segment-header data objects and residing on the
tape medium substantially immediately following the corresponding

segment-header data object.

18. A data storage api;aratus, comprising:

a pre-formatted magnetic tape medium containing a first plurality of segment-
headers written to the tape medium free from any interleaved data,
adjac‘;ent ones of the first plurality of segment-headers being evenly
spaced apart by a first predetermined interval, each one of said first
plurality of segment-headers containing a predetermined key common
to all of said first plurality of segment-headers; and

a tape drive, comprising;.

a R/W head coupled to a R/W data flow;

a controller coupled to the R/W data flow, to exchange data with the
tape medium; and '

a servo control module, removably coupled to the tape medium, to
perform relative positioning of the tape medium and the R/W
head.

* [ L L] S *



Mor'eover, as shown by the directional arrows, including the arrows 802-803,
fhe data storage pattern is continuous; data bl ocks that are adjacent in
sequenti al - 25 - ordering are always adjacent in the data path. And,
due to the pattern's path, sequential access of all data stored on the tape
I S possible w thout advancing the tape nmediumto skip over any regions

i nterveni ng between adj acent ones of the .gydered device blocks. In other
words, little or no tape novenent is needed to progress fromthe end of one
data itemto the beginning of the next data item For exanple, itens 816
and 817 are adjacent, as are itens 823 and 824. The path along itens 829,
830, 831, 832, dfikk @R3 siosagde dppatanes civisinni®)each fegressiheadatals inchuding an
flexible-scaling thus requires a nodicumof ta venent. As shown in
Figure 8, fl %%if?ﬂaé‘%é’ﬁé&iIPV%é‘Pllﬁyl%F?l‘Bée%ﬂﬁ]pgﬁfé Teven when the data
completely fills the tape, unlike fixed-capacity scaling. In this
situation, flexible-capacity scaling provides rapid access of sequenti al

dat a becaus.seqlentatalstorage apparasue oftckaim b8, tHatsegraemt-lsdadercdso ingludingrat e

| ocations. In_addition, flexible-capacity scaling can still be used when -
dat a does ri8t2l Cowgl te segments onthe tapgomediuike f i xed- capacity scaling. Figure
9 illustrates an exanple, where the data itens 902-915 occupy two-thirds of
a length of tape 900. Here, the data path includes two stacked serpentine

patt er ns 930k 951Thel Hatarstorage bpgaratis tof wlainf 18,ahe s8gmentsheadpi ylso Adladinghe
items 902-915 are stored _on tape, however, additional itenms of data may be
stored accdioa{igyration mepning sade represanting; asngemenicat the) sagmentyan e 48P%ns

916- 925, reﬁg‘ﬁgﬁli.vel y.

22. A method for accessing a pre-formatted magnetic tape medium containing a
first plurality of segment-headers written to the ﬁpe medium free from any interleaved
data, adjacent ones of the first plurality of segment-headers being evenly spaced apart
by a first predetermined interval, each one of said first plurality of segment-headers
containing a predetermined key common to all of said first plurality of segment-
headers, said tape medium also containing a first plurality of storage segments each
corresponding to one of the first plurality of segment-headers and residing on the tape
medium 'sub"stantiall’y immediately following the corresponding segment-header, said
method comprising the steps of: _
writing multiple blocks of user data into a corresponding number of the first
plurality of segments irrespective of any previously existing data or

header information residing in the first plurality of segments.

23.  The method of claim 22, further comprising the steps of defining a second
plurality of data storage segments on the tape medium by writing a second plurality
of segment-headers to the tape medium said writing being performed free from any’
interleaved writing of user data to the tape medium, adjacent ones of said second
plurality of segment-headers being evenly spaced apart by a second predetermined

interval, each one of said second plurality of segment-headers containing a second

* [4 L ] H *



Fi‘gures 8-9 denonstrate that a continuous data pattern can be created with
even as well as odd nunbers of serpentine patterns. The configurations of
Figures 8-9 are nerely provided as exanpl es, however. Qher variations of

t hese data storage paths may be used to provide continuous access to
ordered data stored in nmultiple stacked serpentine patterns. For exanple,
the serpentine pattern may start at md-1age_(not shown) instead of the
tape's beginning (as illustrated), to support md-tape |oading cassettes.

- 26 - Flexible-Capacity Scaling Wth Partitioning An enhanced enbodi nent

of flexible capacity scaling may be inplenmented to provide partitioning. In
one possi bl predetermmigedriay coemdn twall ofisaidasesendophirality oft seginenthedsers, said

desi gnat ed as _ope segnent.. Segnments. jn this grrangengnt nay be successively
number ed | rfeﬁ?’bd;B@F%H“i’l?dtW%fﬂéa mtd‘?ﬁ %@Sga@e@wﬁed&% segnent s
0-13 corresponding to data itens 902-915 (Figure 9), or segnents 0-23
corresponding to data itens 810-833 (Figure 8). Alternatively, a greater or
| esser nunm@4. of Thaméthodrd alziyn B3, ifurthendethprisirgadie stepp efitwriting watltipleFor

exanpl e, eagh .s h i.nclude two Qr three partitions. To.illustrate a -
specific e ﬂ‘ﬂ?s\é\’?fllé?eﬁ%@ Q2 CRTERPOPHIBE THM IB? $he; 3eoARe Pluralitey of $FEMERLS on

reversal s qg@beciid fF ﬁ‘ﬁ’ﬁi@é% Qxﬁﬁ%]rﬂ%; or He&cf%]k InfXBERLE 1re§&ﬁlgicﬁ1‘”ﬁ¥eh

i ncludes form'partitions. I'ng e nunber of segments In e
ser pent i ne seendpluealithofsdgmentageous i n sone applications, such as those
applications having a fine segnent granularity; in these cases, having

| onger swaths helps to nmaintain desirable read/wite

25. A method for formatting magnetic tape media, comprising the steps of:

defining a first plurality of data storage segments on a magnetic tape medium
by writing a first plurality of segment-headers to the tape medium, said
writing being performed free from any interleaved writing of user data
to the tape medium, adjacent ones of said first plurality of segment-
headers being evenly spaced apart by a first predetermined interval,
each one of said first plurality of segment-headers containing a first
predetermined key common tol all of said first plurality of segment-
headers;

wherein the‘segments are sequentially ordered according to a predetermined
scheme; _

storing the first predetermined key in a key index to identify the first plurality
of segments as being most recent; and

establishing as a first partition at least one segment and establishing as a

second data partition all remaining segments.

26.  The method of claim 25, further comprising the steps of:
re-establishing the second partition to exclude at least one particular segment;
and
establishing as a third partition all segments excluded from the re-defined

second partition.
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performance, which nmay otherw se be restricted by a | arge nunber of
Teversals in tape path direction. Furthernore, partitioning with

fl exi bl e-capacity scaling may be fixed or variable, enploying the teachings
provi ded above. OTHER EMBODI MENTS Whil e there have been shown what are :
presently considered to be preferred enbodinents of the invention, it wll
be apparent to those skilled in the art _that various changes and

nodi fications can be made herein without Teparting fromthe scope of ‘the

i nvention as defined by the appended cl ai ns. -27- CLAIMS WHAT | S CLAI MED
IS 1. A nmethod for pre-formatting nagnetic tape nedia, conprising the
steps of: defining a first plurality of data storage segnents on a nagnetic
tape nmediumby witing a first plurality of segnent-headers to the tape
medi um sard- w iThergethed rod qlainx gi,rr%ldthf»‘r eemprising Ahe/steps ef| eaved writing of

user data to the t.ape.nedi adj acent _ones of g first plurality of
segnent - header g%afé%n%\?eﬁ%p%cgaoﬁéﬁmﬁﬁ%?ff)t?/rag%fagle gglteh{ﬁr edet er m ned
interval, each @ARrglhgl ékistingSparhitivh Ayl dbocingS & so@enthatiche fecpedlnong a

first predetermned key common to all of said first plurality of segnment- -
headers; and stori ng théigxisting papitede@sdni ned key in a key index to identify

the first plur alrieél}éiﬁ)gf ar g)ggt?ﬂ]gt gar?iﬁorq %'y r&ﬂo%tg ars%gx%'g}lt to the free pool from the

existing partition.

28.  The method of claim 27, wherein segments allocated to existing partitions are

located adjacent to segments of said existing partitions.

29. A method for formatting magnetic tape media, comprising the steps of:

defining a first plurality of data storage segments on a magnetic tape medium
by writing a first plurality of segment-headers to the tape medium, said
writing being iaerformed free from any interleaved writing of user data
to the tape medium, adjacent ones of said first plurality of segment-
headers being evenly spaced apart by a first predetermined interval,

- each, one of said first plurality of segment-headers containing a first

predetermined key common to all of said first plurality of segment-
headers;

wherein the segments are sequentially ordered according to a predetermined
scheme;

storing the first predetermined key in a key index to identify the first plurality
of segments as being most recent;

receiving a first set of device blocks to be written;

sequentially writing the first set of device blocks to a minimum number of at
least one segment needed to contain the first set of device blocks;

establishing as a first partition said at least one segment, and establishing as

a second data partition all subsequently ordered segments.

* c L L s ' *



2:" The nethod of claim1l, further conprising a step of, prior to the
witing step, receiving a granularity input specifying the first
predeterm ned interval . 3. The nethod of claim1, further conprising the
steps of: defining a second plurality of data storage segnents on the tape
medium by witing a second plurality of segnent-headers to the tape nmedi um
said witing being perforned free fromany,interleaved witing of user data
to the tape nedi um adjacent ones of said second plurality of segnent-
headers bei ng evenly spaced apart by a second predeterm ned interval, each
one of said second plurality of segnment-headers containing a second
predeterm ned key comon to all of said second plurality of

segnent - headers, sai d second predeterm ned key being different than the
first predéPer mihedngthod ofslrim 29, fugher comprisiag theesterscofnid pr edet er mi ned key

in a key index i ify the secon |0t f...segnments as bei ng nost
recent. 4. T %eirr‘}gﬁl%cf%?n c?eéioﬁla%,vgcteﬁggé%ctgn% ‘%rrlgglgt erm ned interval

bei ng di ffer ent sé¢quantidlhe wiritingtthe sesipidakiivoNaslicabietkato a minimund hanbet bed of
claim4, further conprising a step of, prior to the step of_ witing the -
second plurality of &blfshonaloverst ordeged segmentin theysesond parifionsnagded teat a

into sel ected ones of jr ity of s. 6. The net hod of
claims5, further conﬁ?%’%ﬁ}ltgﬂeaéé?'_gap%tﬁf %%(’fc_(e%rblﬁﬁ%g‘saﬁep of witing the second
plurality of segsmblishitReshethe sedtnidipanition$did o leaddloné képridént neededddtcantai o

the second set of device blocks, and establishing as a third partition all

subsequently ordered segments.

31.  The method of claim 30, the establishing step comprising the steps of:
establishing as a first partition said at least one segment along with a
predetermined number of additional segmenté for padding; and

establishing as a second data partition all subsequently ordered segrinents.

32.  The method of claim 31, further comprising the steps of receiving an input of
the predetermined number of additional segments from a user.
33.  The method of claim 31, the predetermined number of additional segments

-being pre-established by a default value.

34.  The method of claim 31, the predetermined number of additional segments

being zero.
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serécted ones of the second plurality of segnents irrespective of any

“bl ocks of user data previously witten into the first plurality of

segnents. 7. The nethod of claim1, further conprising the steps of
defining each segnent as an independently addressable partition. 8. The
met hod of claim 1, further conprising the steps of defining a first
predet er m ned nunber of independent by ggdressable partitions, each of said
partitions corresponding to a different "group of at |east one data storage

segnment. 9. The met hod of claim8, at |east one of the partitions
corresponding to nmultiple data storage segnents. 10.  The nethod -of claim
8, at |east ONKPRPREBORMATTINGSWITHGNIFORMDATA STORAGE SHGMERMS' age
segnents. - 29 - 11. The nmethod of claim8, wherein a first one of the

partitions SECECUTF¢ERY MAPHED TORFEXED OR YARIABIEH SIZED HNDEBENDENTLLY al
segnent - header and at | east one subsequent data storage segnent marked by a
correspondi ng nunber ofARBDBES§ASLE STORAGE 8ARTITIONSnet hod furt her
conpri si ng the ste 'ES of enhancing data capacity utilization in the first
partltlon g user data into the initial and subsequent segnents and

over the subseq ent segnent - he ders Il e_avoi any witing over the
initial segrrent ﬁ’éﬁ%&% t@rage V\Qf clgqﬂgr ]ﬁgafe %ﬁ‘é meﬁdl@ﬂmng

o 6. f o o ke i ABRACEE: 3‘%@3&9@8% Rl e miliple sepegr o "9 °
segment - heﬁ&ﬁé&, Yel teonl aﬁ)p intd}feal 8P GodlRIbAHIle] G55, E&d?a{gent segment-headers are

spaced by a predetermined interval to define multiple data storage segments. Segment-

headers all contain a unique key, which is copied into a key index to identify valid
segments. A new formafting scheme can be established by writing new segment-

* headers which include a new unique key, replacing the previous key in the key index.
Previous segment-headers stored on the tape are ignored. Segments may be selectively
grouped to provide independently addressable partitions. Mapping between segments
and partitions can use a fixed relationship, or each partition may be variably sized
according to the amount of data to be stored therein. Another feature is flexible-
capacity scaling, which distributes an ordered set of device blocks on a multi-track
magnetic.tape medium.

Fig. 2
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agy interleaved data, adjacent ones of the first plurality of
segnent - headers bei ng evenly spaced apart by a first. predeterm ned
interval, each one of said first plurality of segnent-headers containing a
predeterm ned key conmon to all of said first plurality of segnent-headers,
said tape nedium al so containing a first plurality of storage segnents each
corresponding to one of the first pluraliljs of segnment-headers and residing
on the tape nmediumimrediately follow ng the correspondi ng segnent- header.

14. The article of manufacture of claim 13, each segnent-header also
including an identification of an interval follow ng said segnent-header.
15. The article of manufacture OT-CI¢ nfl& tthe 1 segment - header al so

including a total count of segnertsionithg tape n¢d|Un1 16. The article
of manufacture of claim13, the ﬁegdenﬁ header {al $0 {nc|uding a
configuration mappi ng code repregentiin arrang&neht pf fhe segnents on the
tape nedi um - 30 - 17. A nagnétig thpelnqdlqnl orfstoring data for
access by a process being executgd dn & data priocéssing] system said tape

conprising: a data structure storfedionisald tage, isajd Pata structure
including: a first plurality of degnent- headbr data Db]°CtS witten to the
tape mediumfree fromany interl davdd @ath pdjacént'onns of the first
plurality of segnent-header data objecus belhg evgnl y spaced apart by a
first predeterm ned interval, each dneuofssa1d fidst;pIJraILty of segnent -
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header data objects containing a predeterm ned key comon to all of said
first plurality of segnment-headers; and a first plurality of storage
segnent data objects each corresponding to one of the first plurality of
segnent - header data objects and residing on the tape nmedi um substantially

i mredi ately foll ow ng the correspondi ng segnent - header data object. 18. A
data storage apparatus, conprising. a pPRe formatted magnetic tape nedi um
containing a first plurality of segment- Fleaders witten to the tape nedium
free fromany interleaved data, adjacent ones of the first plurality of
segnent - headers bei ng evenly spgced—apart—by arf'rrsrgr determ ned
interval, each one of said firstf plurality of segntfShe¢aders containing a
pr edet er mi ned @d common to all Jof said A~Nrst_pkyrality]of segnent-headers;
and a tape dri ,O npri siopgp ~a{R/' W fie Wdata flow, a
controller coupled to\the RFWdd4ta f a wth the tape
medi um and a servo cogtrol nodyl e, th208ape medi um

to performrelative positioningjof the g um he R/ W head. -
31 - 19. The data storage appdratus of claim 18, each|segnent-header also
i ncludi ng an '
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identification of an interval follow ng said segnment-header. 20. The data
«st orage apparatus of claim 18, the segnent-header also including a total
count the segnents on the tape medium 21. The data storage apparatus of
claim 18, the segnent-header also including a configuration nmappi ng code
representing arrangenent of the segnments on the tape nedium 22. A net hod
for accessing a pre-fornmatted nagnetic gape nmedi umcontaining a first
plurality of segnent-headers witten to the tape nediumfree from any
interleaved data, adjacent ones of the first plurality of segnment-headers
bei ng evenly spaced apart by a first predeterm ned interval, each one of
said first plurality of segnent-headers containing a predeterm ned key
common to all of said first plurality of segnment- headers, said tape nedi um
al so containing a first plurality of storage segnents each corresponding to
one of the first plurality of segnent-headers and residing on the tape
medi um substantially i mrediately foll ow ng the correspondi ng
segnent - header, said method conprising the steps of: witing nmultiple
bl ocks of user data into a chﬁgsponding nunber of the first plurality of

Y

segnents irrespective of any usly existipg.data or header information
residing in the first plurality of gnents,_#2

he nmet hod of claim 22,
further conprising the steps of definng
segnents on the tape nmedium by witing 2
segnent - headers to the tape nedi umsgg|
any interleaved witing of user e
sai d second plurality of segpe
second predeterm ned 302 er e
segment - header s3@%nt ai N

h one of said seco

nd pl P
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segnent - header s,
first predeterm ned key. 24.
the steps of witing nultiple blocks of user data into a corresponding

nunber of the second plurality of segnents irrespective of any previously

exi sting data
segnents.
steps of:

medi um saild
user data Yo

or

t e

header

4 ing be|
t ape

predet ermi ned key conmon to al

The nmet hod of cl ai m 23,

of said second plurality of
sai d second predeterm ned key being different than the

further conprising

I nformation resid8ng in the second plurality of
conprising the

irst pluralit

0)

A nmethod for formatting magnetic tape nedi a,

t ape nedi urgb;rn:/vp?t ?nfb sﬁE

um adj acent! ones of shid first plurdlity of

A

plurality of data_sf@myage segnments on a magnetic
segnent - headers to the tagD
A?Speﬂfﬁﬁbred 40%e from 41119 interl eavedtWwiting of

EOT

segment - hgafk é§2§g§/=$ﬂ ed] gadrt bygsHJE % detergmmed
interval, ¢ ?@BJ //e lutalijfty of $€B \epder s| dbfptai ning A
first predeferfyned key nwon _t of said first 6Tur5T|ty of segnent -
headers; wh@4gi/n whs seghenigsar §\ sequentially ordered according to a
pr edet er m ne chene; stpfing the\first predeterm ned key in a key index to
identify thefffirst plural [ty of segnent $a bekng‘Hyéﬁ recent; and
establishin s afirst pprtition a% |ea one¢ segnent and establlshlng as
a second daffgf partition | renminin ;iéaents. 26 The nethod of 408gm
25, further{donprising the steps of: HEADER—1. ///’
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408~ B2 __ |l (UNIQUE KEY
408k~ B3 __ | 408h |SEGMENT No.__|
______E_____ BLOCK—SPECIFIC
408 408l ~— BN J PR ]
\ TRL —— 408m
HEADER—2 {—408n
. N
UNIQUE KEY | |1
SEGMENT No._ | | —_ LA
No. SEGMENTS | | __LBN3__ | 408
ON TAPE | :
SEGMENT CON- BN |
FIGURATION - /
MAPPING CODE | | __TRL __ }—408p
HEADER—EOD }—408q
___EQQ_*_V~MBr
TRL — 408s
FORMAT - 402a
STATISTICAL ERROR — 402b
[INFORMATION ____ __|
DATA LOCATION AND | 402¢
Vi\L_IQI_TY INFORMATION
( JUNIQUE KEY —408c
No. OF SEGMENTS
DIRECJS% oN TAPE | —— 408e
[ SEGMENT CONFIGURATION 08¢ FIG. 4
MAPPING CODE —— 408




re-establishing the second partition to exclude at | east one particul ar
.segnment; and establishing as a third partition all segnents excluded from
the re-defined second partition. - 33 - 27. The net hod of clai m 25,
further conprising the steps of: maintaining a free pool of unoccupied
storage segnents; enlarging an existing partition by allocating a segnent
fromthe free pool to the existing partgtg on; and reducing an existing
partition by allocating a segnent to the free pool fromthe existing

partition. 28. The nethod of claim 27, wherein segnents allocated to
existing partitions are |ocated adjacent to segnents of said existing
partitions. 29. A nethod for formatting magnetic tape nedia, conprising

the steps of: defining a first plurality of data storage segnents on a
magnetic tape nmediumby witing a first plurality of segnment-headers to the
tape nmedium said witing being perforned free from any éaéerleaved witing
of user data to the tape nedium adjag¢gent s of sai ¥sSt plurality of
segnment - headers being evenly spaced aga %ﬁﬁ afir predet er m ned
interval, each one of said first plurality of segnent-headers containing a
first predeterm ned key comon to all of gaid first plurality of segnent-
header s;
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wherein the segnents are sequentially ordered according to a predeterm ned

.schene;

devi ce bl ocks to be
bl ocks to a m ni nrum
first set of device
one segnent,
ordered seg

eRETS

witten;
nunber of at
bl ocks;

34 - 30.

recent;

storing the first predetermned key in a key index to identify the
first plurality of segments as bei ng nost receiving a first set of

sequentially witing the first set of device

| east one segnent needed to contain the

f4Q0 a

establishingypas a first partition said at
and establlshlng as a second data partition all
The met hod
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paddi ng; and tablishingl ps a seco Gata—partt all subsequentl 08¢
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32f The nethod of claim 31, further conp
. nput of the predeterm ned nunber of addit
The net hod of claim 31, the predeterm ned

rising the steps of receiving an
i onal segnents froma user. 33.
nunber of additional segnents

bei ng pre-established by a default value. 34. The nethod of claim 31, the
predet er mi ned nunber of additional segnents being zero.
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