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APPARATUS, SYSTEM, AND METHOD FOR 
OPTIMIZING FAST ACCESS DATA STORAGE 

ON SEGMENTED TAPE MEDIA 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] This invention relates to tape storage media and 
more particularly relates to apparatuses, systems, and meth 
ods for managing data storage on segmented tape media to 
maximize use of available storage capacity and to optimiZe 
fast access to stored data. 
[0003] 2. Description of the Related Art 
[0004] With each neW generation of tape storage technol 
ogy, the capacity of available tape storage products increases 
in response to the general demand for greater storage capa 
bilities. The total storage capacity of a tape depends on many 
factors, including the physical dimensions of the tape, the 
data compression, if any, used to Write data to the tape, the 
number of tracks across the Width of the tape, and so forth. 
Furthermore, the usable storage capacity is often de?ned to be 
slightly less than the physical capacity of the tape media. This 
is due, in part, to servo tracks, data block headers, and other 
metadata blocks existing throughout the tape. 
[0005] For tape storage applications, a tape drive typically 
enables data to be stored onto a magnetic tape medium, such 
as a metallic ribbon, Within a tape cartridge. The tape medium 
conventionally is designed to include a plurality of tracks that 
are distributed across the physical Width of the tape medium 
and run the physical length of the tape medium. A tape Write 
head Within the tape drive is typically capable of Writing up to 
about sixteen tracks at one time, starting at one end of the tape 
and moving along the length of the tape. When the tape Write 
head reaches the end of the tape, the head is aligned over the 
proximate track set, the direction of the tape is reversed, and 
the Write head Writes an additional sixteen tracks in the oppo 
site direction. This “serpentine” pattern may continue until all 
tracks have been Written. 
[0006] The process for reading data from the tape medium 
is essentially the same. A tape read head moves across the tape 
medium and reads sixteen tracks from one end of the tape 
medium to the other. The tape read head then realigns to read 
an additional sixteen tracks and moves over the second set of 
tracks in the opposite direction. 
[0007] Given the large capacity of conventional tape stor 
age devices, various data blocks may be stored on a single 
tape medium. The location of each of these data blocks may 
be marked on the tape using block header information, data 
pads (areas of tape Where data is intentionally not Written), 
and other conventional identi?cation means and methods. 
The tape read head is able to locate a particular block of data 
by using one or more servo tracks that are Written onto the 
tape storage medium. 
[0008] As the total tape storage capacity increases, hoW 
ever, so too does the time required to access data on the tape 
media. Because of the physical length of the tape and the 
increased number of bits on the tape, the amount of time 
required to ful?ll a read request typically varies depending on 
the location of the data stored on the tape. Faster data access 
is generally available for data stored near the front of the tape, 
While data stored near the end of the tape typically requires a 
longer access time to scroll through the length of the tape. 
[0009] In certain time-sensitive applications, delayed data 
access can cause negative effects and may impede subsequent 
read requests or other processes. These effects can cause 
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Service Level Agreements to be missed. HoWever, for many 
other data storage uses, such as data backup, for example, the 
infrequent need to access that data makes longer access times 
generally acceptable. 
[0010] More recently, manufacturers of tape storage prod 
ucts have directed their attention in part to improving data 
access time using tape storage drives and cartridges. One 
method to address the problem of increased data access time 
employs various levels of transparent buffering in Which tape 
data may be stored in connection With other storage mediums, 
such as a direct access storage device (DASD) or an optical 
disk. 

[0011] If the requested tape data is stored on a DASD cache 
as With a virtual tape subsystem, data retrieval time may be 
improved greatly. HoWever, the storage capacity of a DASD 
cache is typically signi?cantly less than that of a tape storage 
system. Currently, technology alloWs about ?ve hundred 
Gigabytes (GB) of non-compacted data to be stored on a 
single, standard tape cartridge. The previous generation of 
tape media provided for a storage capacity of about three 
hundred GB. In addition, the DASD cache must migrate 
much of the data to tape cartridges in order to be able to buffer 
more recent data. For this reason, a DASD cache only 
improves data retrieval time for the data that is in the DASD 
cache at the time of the data request, but does not improve the 
access time for the large portion of data that has been 
migrated to tape and demoted from the cache. 
[0012] Another knoWn method of decreasing data access 
time is to segment the tape storage medium into tWo or more 
segments and to Write data to the segments in a sequential 
manner. A tape segment may include a speci?ed storage 
capacity, or a physical length of tape, that is less than the total 
capacity of the tape. For example, a tape storage medium may 
be divided into tWo segments. When Writing data to the tape, 
the data is Written to the ?rst segment, Which may facilitate 
fast access, and then to the second segment, Which typically 
requires sloWer access. This method improves data access 
time in that the ?rst segment may be Written to or read from 
Without physically forWarding all the Way to the end of the 
tape storage medium. Data access time is greatly improved 
When the ?rst segment is located at the load point of the tape. 

[0013] The ?rst segment may include, for example, about 
one ?fth of the total tape storage capacity. Thus, the tape drive 
need only advance one ?fth of the Way through the total length 
of the tape medium, rather than all the Way to the physical end 
of the tape, before reversing direction. The data stored on the 
?rst segment generally can be accessed quicker than data 
distributed along the entire length of the tape. 
[0014] In certain embodiments, the tape is ended after the 
?rst segment is ?lled. HoWever, limiting the storage capacity 
of the tape negates one of the greatest advantages provided by 
tape storage media. Providing segmented tape media opti 
miZes the data storage capacity and yet at the same time 
alloWs fast access for retrieving data in the ?rst segment. 

[0015] When storing data to the entire length of the seg 
mented tape, determining or selecting data for fast access can 
be problematic and even counterproductive in certain 
instances. Because data can be Written to the second segment 
of the tape only after the ?rst segment of the tape has been 
?lled, storage to the fast access portion of the tape must be 
carefully monitored to ensure that sloWer access data is not 
stored to the fast access portion. In addition, accessing data 
stored on the ?rst segment of the tape may be hindered or 
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slowed by a read request for data stored on the second seg 
ment of the tape, thereby minimizing the advantages of pro 
viding fast access storage. 
[0016] From the foregoing discussion, it should be apparent 
that a need exists for an apparatus, system, and method that 
enables fast access to data stored on tape media While further 
enabling utilization of the large storage capacity of the tape. 
Bene?cially, such an apparatus, system, and method Would 
determine Whether data requires fast access and Would store 
the selected data on the fast access portion of the tape media. 
Furthermore, the apparatus, system, and method Would 
enable storage on the sloWer access portion of the tape media 
for data storage uses not requiring fast access. 

SUMMARY OF THE INVENTION 

[0017] The present invention has been developed in 
response to the present state of the art, and in particular, in 
response to the problems and needs in the art that have not yet 
been fully solved by currently available tape storage media 
and tape storage systems. Accordingly, the present invention 
has been developed to provide an apparatus, system, and 
method for optimizing fast access data storage on segmented 
tape media that overcome many or all of the above-discussed 
shortcomings in the art. 
[0018] The apparatus, in one embodiment, is con?gured to 
selectively Write data to a tape storage medium to optimize 
fast access to that selected data. To reduce the amount of 
storage capacity Wasted for “fast access” performance pref 
erences, the present invention enables fast access data to be 
Written to the fast access segment of a tape storage medium 
and further enables sloWer access data to be Written to the 
remaining portion of the tape storage medium Without sloW 
ing read requests for fast access data. The apparatus may 
include a selection module, a Write module, a read module, a 
tracking module, and a segmentation module. 
[0019] The selection module selects data for storage as one 
of fast access and sloWer access. Fast access data storage may 
provide optimal data retrieval and ef?ciency for selected data, 
While sloWer access data storage may enable data retrieval at 
or beloW optimal retrieval levels. In certain embodiments, 
identifying data as “fast access” provides a parameter and/or 
an indicator that the data is to be stored on a ?rst segment of 
a tape storage medium. Similarly, identifying data as “sloWer 
access” permits the data to be stored on the subsequent seg 
ments of a tape storage medium, alloWing fast access data to 
have priority to the ?rst segment of the tape storage medium. 
The selection module bene?cially enables the data to be 
stored relative to a preferred access time. 
[0020] The apparatus is further con?gured, in one embodi 
ment, to prioritize a read request for fast access data over a 
read request for sloWer access data. In certain embodiments, 
the read module executes a read request for data selected for 
fast access before executing a read request for data selected 
for sloWer access. In other embodiments, consideration may 
also be given to the sloWer access requests so that they are not 
excessively delayed. Thus, the read module optimizes access 
ing fast access data. 
[0021] In a further embodiment, the apparatus may be con 
?gured to track data storage on the tape storage medium and 
to determine the storage capacity remaining on the ?rst seg 
ment and the second segment of the tape storage medium. In 
certain embodiments, the tracking module determines 
Whether the remaining storage capacity is su?icient to store 
fast access data on the ?rst segment of the tape storage 
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medium and sloWer access data on the second segment of the 
tape storage medium. In one embodiment, suf?cient means 
that the complete data must reside in the fast access segment, 
and in other embodiments, it may be suf?cient for a piece of 
the data to reside in the fast access segment With the rest of the 
data then spilling over to the sloWer access segment. 

[0022] A system of the present invention is also presented 
to selectively Write data to a tape storage medium to optimize 
fast access data storage. The system may be embodied in a 
tape storage system. In particular, the system, in one embodi 
ment, includes a tape drive unit, a tape storage medium, a host 
computer, a segmentation module, a selection module, a Write 
module, a read module, and a tracking module. The tape 
storage system enables data storage and retrieval, optimizing 
fast access for selected data. 

[0023] A method of the present invention is also presented 
for selectively Writing data to a tape storage medium. The 
method in the disclosed embodiments substantially includes 
the steps necessary to carry out the functions presented above 
With respect to the operation of the described apparatus and 
system. In one embodiment, the method includes selecting 
data for storage as one of fast access and sloWer access, 
Writing data selected for fast access on a ?rst segment of the 
tape storage medium, and Writing data selected for sloWer 
access on the remaining available storage space of the tape 
storage medium. In certain embodiments, the data selected 
for sloWer access is Written on the ?rst, or faster access, 
segment of the tape storage medium. 
[0024] In a further embodiment, the method includes 
executing a read request for fast access data before executing 
a read request for sloWer access data. In one embodiment, a 
read request for fast access or sloWer access data may be 
determined relative to the location of the data on the tape 
storage medium. In such an embodiment, for example, a read 
request for data stored on the ?rst segment may be processed 
before a read request for data located on the second segment 
of the tape storage medium; thereby minimizing the time 
required to complete the request for the fast access data. 
[0025] In yet another embodiment, the method includes 
tracking data storage on the tape storage medium and deter 
mining the storage capacity remaining on the ?rst segment 
and the second segment of the tape storage medium. As a 
result, the fast access data may be stored to a tape storage 
medium With su?icient storage capacity remaining on the ?rst 
segment, or fast access portion. In addition, the sloWer access 
data may be stored on a tape storage medium With suf?cient 
storage capacity, yet located to minimize Wasted fast access 
storage space. 
[0026] Reference throughout this speci?cation to features, 
advantages, or similar language does not imply that all of the 
features and advantages that may be realized With the present 
invention should be or are in any single embodiment of the 
invention. Rather, language referring to the features and 
advantages is understood to mean that a speci?c feature, 
advantage, or characteristic described in connection With an 
embodiment is included in at least one embodiment of the 
present invention. Thus, discussion of the features and advan 
tages, and similar language, throughout this speci?cation 
may, but do not necessarily, refer to the same embodiment. 

[0027] Furthermore, the described features, advantages, 
and characteristics of the invention may be combined in any 
suitable manner in one or more embodiments. One skilled in 
the relevant art Will recognize that the invention may be 
practiced Without one or more of the speci?c features or 
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advantages of a particular embodiment. In other instances, 
additional features and advantages may be recognized in 
certain embodiments that may not be present in all embodi 
ments of the invention. 

[0028] The present invention enables fast access to data 
stored on tape storage media While further enabling utiliZa 
tion of the large storage capacity of the tape. The apparatus, 
system, and method determine Whether data requires fast 
access and stores the selected data on the fast access portion 
of the tape media. In addition, the apparatus, system, and 
method enable storage on the sloWer access portion of the 
tape media for data storage uses not requiring fast access. 
These features and advantages of the present invention Will 
become more fully apparent from the folloWing description 
and appended claims, or may be learned by the practice of the 
invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] In order that the advantages of the invention Will be 
readily understood, a more particular description of the inven 
tion brie?y described above Will be rendered by reference to 
speci?c embodiments that are illustrated in the appended 
draWings. Understanding that these draWings depict only 
typical embodiments of the invention and are not therefore to 
be considered to be limiting of its scope, the invention Will be 
described and explained With additional speci?city and detail 
through the use of the accompanying draWings, in Which: 
[0030] FIG. 1 is a schematic block diagram illustrating one 
embodiment of a tape storage system in accordance With the 
present invention; 
[0031] FIG. 2 is a schematic block diagram illustrating one 
embodiment of a tape storage optimiZation apparatus in 
accordance With the present invention; 
[0032] FIG. 3 is a schematic block diagram illustrating one 
embodiment of a tape storage optimiZation apparatus in 
accordance With the present invention; 
[0033] FIG. 4 is a schematic diagram illustrating one 
embodiment of a serpentine recording pattern on a section of 
a tape storage medium in accordance With the present inven 
tion; 
[0034] FIG. 5 is a schematic diagram illustrating one 
embodiment of a section of a segmented tape storage medium 
in accordance With the present invention; 
[0035] FIG. 6 is a schematic diagram illustrating an alter 
native embodiment of a section of segmented tape storage 
medium in accordance With the present invention; 
[0036] FIG. 7 is a schematic ?oW chart diagram illustrating 
one embodiment of a selective data storage process in accor 
dance With the present invention; and 
[0037] FIG. 8 is a schematic ?oW chart diagram illustrating 
one embodiment of a selective data retrieval process in accor 
dance With the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0038] Many of the functional units described in this speci 
?cation have been labeled as modules, in order to more par 
ticularly emphasiZe their implementation independence. For 
example, a module may be implemented as a hardWare circuit 
comprising custom VLSI circuits or gate arrays, off-the-shelf 
semiconductors such as logic chips, transistors, or other dis 
crete components. A module may also be implemented in 
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programmable hardWare devices such as ?eld programmable 
gate arrays, programmable array logic, programmable logic 
devices or the like. 

[0039] Modules may also be implemented in softWare for 
execution by various types of processors. An identi?ed mod 
ule of executable code may, for instance, comprise one or 
more physical or logical blocks of computer instructions 
Which may, for instance, be organiZed as an object, procedure, 
or function. Nevertheless, the executables of an identi?ed 
module need not be physically located together, but may 
comprise disparate instructions stored in different locations 
Which, When joined logically together, comprise the module 
and achieve the stated purpose for the module. 
[0040] Indeed, a module of executable code may be a single 
instruction, or many instructions, and may even be distributed 
over several different code segments, among different pro 
grams, and across several memory devices. Similarly, opera 
tional data may be identi?ed and illustrated herein Within 
modules, and may be embodied in any suitable form and 
organiZed Within any suitable type of data structure. The 
operational data may be collected as a single data set, or may 
be distributed over different locations including over different 
storage devices, and may exist, at least partially, merely as 
electronic signals on a system or network. 

[0041] Reference throughout this spcci?cation to “one 
embodiment,” “an embodiment,” or similar language means 
that a particular feature, structure, or characteristic described 
in connection With the embodiment is included in at least one 
embodiment of the present invention. Thus, appearances of 
the phrases “in one embodiment,” “in an embodiment,” and 
similar language throughout this speci?cation may, but do not 
necessarily, all refer to the same embodiment. 
[0042] Reference to a signal bearing medium may take any 
form capable of generating a signal, causing a signal to be 
generated, or causing execution of a program of machine 
readable instructions on a digital processing apparatus. A 
signal bearing medium may be embodied by a transmission 
line, a compact disk, digital-video disk, a magnetic tape, a 
Bernoulli drive, a magnetic disk, a punch card, ?ash memory, 
integrated circuits, or other digital processing apparatus 
memory device. 

[0043] Furthermore, the described features, structures, or 
characteristics of the invention may be combined in any suit 
able manner in one or more embodiments. In the folloWing 
description, numerous speci?c details are provided, such as 
examples of programming, softWare modules, user selec 
tions, netWork transactions, database queries, database struc 
tures, hardWare modules, hardWare circuits, hardWare chips, 
etc., to provide a thorough understanding of embodiments of 
the invention. One skilled in the relevant art Will recogniZe, 
hoWever, that the invention may be practiced Without one or 
more of the speci?c details, or With other methods, compo 
nents, materials, and so forth. In other instances, Well-knoWn 
structures, materials, or operations are not shoWn or described 
in detail to avoid obscuring aspects of the invention. 
[0044] FIG. 1 depicts a schematic block diagram of one 
embodiment of a tape storage system 100 that may be 
employed in accordance With the present invention. The tape 
storage system 100 shoWn includes an automated tape library 
unit 102 and at least one host 106. Each host 106 may be a 
mainframe computer. Alternatively, the host 106 may be a 
server or personal computer using one of a variety of operat 
ing systems. The host 106 is connected via a storage area 
netWork (SAN) or similar communication channel 108.Alter 
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natively, the host 106 may be connected directly to a tape 
drive unit 112. The communication channel 108, in one 
embodiment, may be a FICON or ESCON. 
[0045] The illustrated automated tape library unit 102 
includes a library manager 110, one or more tape drive units 
112, an accessor 114, and a plurality of tape storage media 
cartridges 116. The plurality of tape storage cartridges 116 
may be stored in one or more media cartridge storage bins 

(not identi?ed). 
[0046] The library manager 110, Which may include a com 
puting processor (not shoWn), is interconnected With and 
controls the actions of the tape drive units 112 and the acces 
sor 114. The library manager 110 also may include one or 
more hard disk drives (not shoWn) for memory storage, as 
Well as, a control panel or keyboard (not shoWn) to provide 
user input. The control panel may be, in one embodiment, a 
computer in communication With the library manager 110 so 
that a user can control the operating parameters of the auto 
mated tape library unit 102 independently of the host 106. 
[0047] In FIG. 1, three tape drive units 112 are shoWn. The 
present invention is operable With one or any larger number of 
tape drive units 112. The tape drive units 112 may share one 
single repository of tape storage cartridges 116. Alternatively, 
the tape drive units 112 may independently correspond to and 
utiliZe multiple repositories of tape storage cartridges 116. 
The tape drive units 112 may advantageously be distributed 
over multiple locations to decrease the probability that mul 
tiple tape drive units 112 Will be incapacitated by a disaster in 
one location. 

[0048] The interconnections betWeen the library manager 
110, the tape drive units 112, and the accessor 114 are shoWn 
as dashed lines to indicate that the depicted library manager 
110 transmits and receives control signals to the tape drive 
units 112 and the accessor 114. Data for storage or retrieval 
may be transmitted directly betWeen the ho st 106 and the tape 
drive units 112 via a communication channel 108, Which may 
be a storage area netWork (SAN), a local area netWork (LAN), 
a Wide area netWork (WAN), or a different type of network, 
such as the ESCON, FICON, the Internet or a direct connec 
tion betWeen the host 106 and the tape drive devices 112. 
[0049] The accessor 114 may be a robotic arm or other 
mechanical device con?gured to transport the selected tape 
storage cartridges 116 betWeen a storage bin and a tape drive 
unit 112. The accessor 114 typically includes a cartridge 
gripper and a bar code scanner (not shoWn), or similar read 
system, mounted on the gripper. The bar code scanner is used 
to read a volume serial number (V OLSER) printed on a car 
tridge label a?ixed to the cartridge 116. In alternative 
embodiments, the tape drive units 112 may be replaced by 
optical disk drives or other magnetic drives. Similarly, the 
tape storage cartridges 116 may be replaced by other storage 
media cartridges 116 utiliZing magnetic media, optical 
media, or any other removable media corresponding to the 
type of drive employed. 
[0050] FIG. 2 illustrates one embodiment of a tape storage 
optimiZation apparatus 200 in accordance With the present 
invention. In one embodiment, the tape storage optimiZation 
apparatus 200 is implemented Within the host 106. In another 
embodiment, the tape storage optimiZation apparatus 200 
may be implemented Within a library manager 110 or indi 
vidual tape drive 112. 
[0051] The tape storage optimiZation apparatus 200 facili 
tates determining Where to store data on a tape storage 
medium in order to enable fast access to selected data While 
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utiliZing the large storage capacity of the tape storage 
medium. In certain embodiments, utiliZing tape segmentation 
facilitates providing fast access storage. As mentioned above, 
segmentation of tape media alloWs for faster data access 
because the tape drive heads may traverse a segment of a 
lengthy tape more quickly than the Whole length of the tape. 
Accordingly, because tapes are read sequentially from start to 
end, the ?rst segment provides faster access to data stored 
thereon. One or more subsequent segments provide addi 
tional storage capacity, but have longer data access times. In 
certain embodiments, the ?rst segment of the tape storage 
medium may be used exclusively Without Writing data to 
subsequent segments to preserve the tape as fast access only. 

[0052] FIG. 3 depicts one embodiment of a tape storage 
optimization apparatus 200 that includes a segmentation 
module 302, a selection module 304, a Write module 306, a 
read module 3 08, and a tracking module 31 0. The tape storage 
optimization apparatus 200 may track the siZe, the location on 
the tape media, and the designation or identi?cation of the 
data stored on the tape storage medium as either fast access or 
sloWer access. In certain embodiments, the tape storage opti 
miZation apparatus 200 is policy based and may be integrated 
into a storage management system (SMS). 
[0053] In one embodiment, the segmentation module 302 is 
con?gured to recogniZe a ?rst and second segment on a tape 
storage medium. In a further embodiment, the segmentation 
module 302 is con?gured to divide a tape storage medium 
into multiple segments, such as a ?rst segment and a second 
segment. This segmentation may be done automatically by 
the tape drive unit 112, for example, or may occur in response 
to a user input specifying a user-de?ned segmentation layout. 
Furthermore, the capacity of the ?rst and second segments 
may be de?ned according to historical data access informa 
tion and performance criteria. 
[0054] The selection module 304 is con?gured to select 
data for storage as one of fast access and sloWer access. In 
certain embodiments, the user may select or determine the 
access designation, such as at the time of a Write request, for 
example. In an alternative embodiment, the selection may 
occur automatically according to certain criteria, such as a ?le 
type, an application, or the like. In one embodiment, an iden 
ti?er to identify the data as one of fast access and sloWer 
access is provided. 

[0055] The Write module 306 Writes data from a host 106 to 
a tape storage medium on a tape storage cartridge 116. In 
addition, the Write module 306 maybe con?gured to Write 
data selected for fast access on the ?rst segment of the tape 
storage medium and to Write data selected for sloWer access 
on the remaining available storage space. 

[0056] The read module 308 reads data from a tape storage 
medium on a tape storage cartridge 116 and sends the 
retrieved data to a host 106. In a further embodiment, the read 
module is con?gured to execute a read request for data 
selected for fast access before executing a read request for 
data stored on the sloWer access segment. 

[0057] The tracking module 310 tracks data storage on the 
tape storage medium. In addition, the tracking module 310 
may determine the storage capacity remaining on the ?rst 
segment and the second segment of the tape storage medium. 
In certain embodiments, the tracking module 310 further 
determines Whether su?icient storage capacity remains on the 
?rst segment of the tape storage medium to store data selected 
for fast access. Furthermore, the tracking module 310 may 
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determine Whether suf?cient storage capacity is available on 
the second segment of the tape storage medium to store data 
selected for sloWer access. 

[0058] FIG. 4 depicts one embodiment of a section of tape 
storage medium 400 that may be used to store data Within a 
tape storage cartridge 116 described above. The illustrated 
tape storage medium 400 is formatted With serpentine record 
ing path and is divided into sixteen head index positions 
(HIPs). In a further embodiment, the tape storage medium 
400 may be formatted for interleaved longitudinal recording 
or another recording technique. 

[0059] In one embodiment, each head index position (HIP) 
includes 32 tracks that are divided into tWo sets of sixteen 
tracks each. On a metal particle tape storage medium 400 that 
is approximately 12.7 mm [0.5"], for example, existing tech 
nology alloWs 512 tracks of data (32 tracks for each of sixteen 
head index positions). In this Way, using the proper tape drive 
unit 112, sixteen tracks of data may be Written or read at the 
same time With a single pass of a read or Write head, respec 
tively, over the tape storage medium 400. 

[0060] For example, a Write head (not shoWn) may begin 
Writing data to the track set “S01” Within the head index 
position “HIP 01” at the beginning of the tape storage 
medium 400 and Write approximately to the physical end of 
the tape storage medium 400. The Write head may then pass in 
the opposite direction over the track set “S02,” still Within the 
head index position “HIP 01,” and Write data to the proximate 
sixteen tracks over the entire length of the tape storage 
medium 400. In a single round trip, data may be Written over 
32 tracks Within a single head index position (HIP). In one 
embodiment, existing technology employs a tape storage 
medium 400 that is approximately 580 m [1902.9 ft] in length 
and may store as much as 300 GB of non-compacted data. 

[0061] FIG. 5 depicts one embodiment of a section of tape 
storage medium 500 that is similar to the tape storage medium 
400 shoWn in FIG. 4. HoWever, the tape storage medium 500 
of FIG. 5 is segmented into tWo segments, a ?rst segment 502 
and a second segment 504. In one embodiment, for example, 
Which uses a tape storage medium 500 With a total capacity of 
300 GB, the tape storage medium 500 may be segmented into 
a ?rst segment 502 of approximately 60 GB and a second 
segment 504 of 200 GB. 

[0062] The depicted tape storage medium 500 shoWs the 
serpentine recording paths Within the ?rst and second seg 
ments 502, 504. For example, in the ?rst segment 502, data 
may be recorded on the track set “S01” in a forWard direction 
and then on the track set “S02” in a reverse direction 510 back 
to the beginning of the tape storage medium. Data may then 
be recorded on the track set “S03” in the forWard direction 
508 and on the track set “S04” in the reverse direction 510. 
This recording pattern may continue until the entire ?rst 
segment 502 contains data. Data may then be recorded begin 
ning on track set “S01” in the second segment 504 until the 
end of the tape storage medium 500. Data may then be 
recorded on the track set “S02” Within the second segment 
504. This recording pattern likeWise may continue until the 
entire second segment 504 contains data. 

[0063] In an alternative embodiment, data may be Written 
to only a portion of the ?rst segment 502 and/ or a portion of 
the second segment 504. As shoWn in FIG. 6, the ?rst segment 
502 of a tape storage medium 600 may be fully Written While 
the second segment 504 may be only partially Written through 
the track sets “S01” through “S16,” for example; though the 
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?rst segment 502 must be populated before data can be Writ 
ten to the second segment 504. 
[0064] The schematic ?oW chart diagrams that folloW are 
generally set forth as logical ?oW chart diagrams. As such, the 
depicted order and labeled steps are indicative of one embodi 
ment of the presented method. Other steps and methods may 
be conceived that are equivalent in function, logic, or effect to 
one or more steps, or portions thereof, of the illustrated 
method. Additionally, the format and symbols employed are 
provided to explain the logical steps of the method and are 
understood not to limit the scope of the method. Although 
various arroW types and line types may be employed in the 
How chart diagrams, they are understood not to limit the scope 
of the corresponding method. Indeed, some arroWs or other 
connectors may be used to indicate only the logical How of the 
method. For instance, an arroW may indicate a Waiting or 
monitoring period of unspeci?ed duration betWeen enumer 
ated steps of the depicted method. Additionally, the order in 
Which a particular method occurs may or may not strictly 
adhere to the order of the corresponding steps shoWn. 
[0065] FIG. 7 depicts one embodiment of a selection pro 
cess 700 for selecting data as one of fast access and sloWer 
access and selectively Writing the data to a tape storage 
medium to optimiZe fast access data storage. The depicted 
selection process 700 begins When a Write request is made and 
the source data is received 702. The process then determines 
704 if fast access storage is selected. If so, a tape storage 
cartridge 116 is selected 706 and, if necessary, mounted 708. 
If an existing tape contains su?icient storage capacity on a 
?rst segment, the tape is selected. If no existing tapes contain 
suf?cient capacity, an empty tape is selected. In select 
embodiments, the tape storage cartridge 116 is located Within 
the automated tape library unit 102. 
[0066] The user may employ a host computer 106, in one 
embodiment, to access a tape management application that is 
con?gured to manage the plurality of tape storage cartridges 
116 Within the automated tape library unit 102. In a further 
embodiment, the user may employ the library manager 110 
Within the automated tape library unit 102. In one embodi 
ment, the user accesses a parameter selection application 
Within the tape management application that alloWs the user 
to input user-de?ned parameters. For example, parameters for 
de?ning 704 data as either fast access or sloWer access maybe 
established. Alternatively, the user may directly select 704 
data for fast access storage. The selection module 304 may 
facilitate selecting 704 data for fast access storage. 
[0067] If fast access storage is selected 704, the segmenta 
tion module 302 may determine if the tape is segmented and 
may segment the tape if needed. In addition, the segmentation 
module 3 02 may further check for historical data access infor 
mation and performance criteria. 
[0068] The source data is Written 710 to the appropriate 
segment, and the tracking module 310 may then determine 
712 Whether suf?cient storage capacity is available on the ?rst 
segment of the tape storage medium. In the depicted embodi 
ment, to assure fast access data retrieval, the data selected for 
fast access is Written 710 on the ?rst segment of the tape 
storage medium. The tracking module 310 may further deter 
mine the remaining storage capacity on the ?rst and second 
segments of the tape. Then the tape may be demounted in 
select embodiments. 
[0069] If the storage capacity on the ?rst segment is insuf 
?cient, another tape may be selected 706. In one embodiment, 
selection process 700 determines and selects a tape that has 
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the least amount of free space available on the ?rst segment, 
but enough storage capacity to store the data, thereby con 
serving and managing the available tape storage media for 
optimal use. Tape media may be selected based on character 
istics supplied to host storage management softWare in cer 
tain embodiments. 
[0070] If the data is not selected for storage as fast access, 
the tracking module 310 may determine 716 Whether the 
selected tape storage cartridge 116 has su?icient storage 
capacity to store the data on the second segment of the tape. If 
the ?rst segment has not been ?lled or the second segment has 
insuf?cient storage space, the selection process 700 may 
determine Whether another tape is available that has adequate 
storage capacity on the second segment of the tape storage 
medium. 
[0071] Again, in one embodiment, the selection process 
700 identi?es a tape With the least amount of storage space 
available on the second segment, but With su?icient storage 
capacity to store the data. The sloWer access data may subse 
quently be Written 710 to the second segment, or sloWer 
access portion, of the tape storage medium. 
[0072] In the event that no available tape cartridge 116 has 
suf?cient space available on the second segment, the sloWer 
access data maybe Written 710 to the ?rst segment of the tape 
storage medium and if there is no available tape cartridge With 
suf?cient space available on the ?rst segment, an empty tape 
is selected. Thus, the process 700 gives priority for storage on 
the ?rst segment of the tape storage medium to data selected 
for fast access storage. Subsequently, the selection process 
700 ends. 
[0073] FIG. 8 illustrates one embodiment of a data retrieval 
process 800 in accordance With the present invention. The 
data retrieval process 800 optimiZes read requests in a 
selected order. In one embodiment, this order comprises 1) 
fast access reads from currently mounted media; 2) fast 
access reads; 3) sloW access reads from currently mounted 
media; and 4) sloW access reads. 
[0074] The retrieval process 800 begins by establishing 801 
a queue of read requests. At a step 802, the process 800 
determines if there is a queue element. If not, the tapes are 
demounted 803 and the process 800 ends. At a step 804, the 
process 800 determines if there is a fast access request from a 
mounted tape. If so, the process 800 reads 807 the tape and 
returns to step 802 to determine if there are further queue 
elements. 
[0075] If there is not a fast access request from a mounted 
tape, the system 800 checks 805 to see if there is another fast 
access request in the queue of Work. If there is, the existing 
tape is demounted, and a neW fast access tape is mounted. The 
data on the neWly mounted fast access tape is then read 807, 
and the process 800 proceeds back to step 802. 
[0076] If the determination at step 805 is negative, the 
process 800 proceeds to step 808, Where it determines 
Whether there is a sloW access request from a mounted tape. If 
so, the data is read 807, and the process returns to step 802. If 
not, the existing tape is demounted 810 if necessary, and a 
neW sloW access tape is mounted. The data is then read 807, 
and the process returns to step 802. 
[0077] Requested data is identi?ed as one of fast access or 
sloWer access. In one embodiment, the location of the data on 
the tape storage medium facilitates determining fast access 
designation. Alternatively or in addition, an identi?er may be 
associated With the data to identify the data as either fast 
access or sloWer access. 
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[0078] If the read request is for fast access data, the tape 
storage cartridge 116 may already be mounted 804 and the 
data may be read 807 from the ?rst segment of the tape storage 
medium. Subsequently, another read request may be pro 
cessed 802. Alternatively, the tape storage cartridge 116 may 
be demounted 806. The retrieval process 800 prioritiZes read 
requests for fast access data over read requests for sloWer 
access data. Thus, the fast access data is retrieved quicker than 
data that is not designated for fast access. In addition, requests 
for sloWer access data do not impede retrieval of fast access 
data. 
[0079] When sloWer access data is requested, the retrieval 
process 800 may check 804 for a read request for fast access 
data before accessing the data designated for sloWer access. If 
a request for fast access data is detected, the process 800 may 
defer 808 the read request for sloWer access data until any or 
all of the requests for fast access data are ful?lled. If fast 
access data is not requested, the process 800 may mount 810 
the corresponding tape storage cartridge 116 and read 807 the 
requested sloWer access data. When there are no more active 
requests for data, the retrieval process 800 ends. 
[0080] The retrieval process 800 facilitates minimiZing the 
access time to retrieve data selected for fast access. In addi 
tion, access to sloWer access data may be blocked until all fast 
access data requests have been ful?lled. As a result, seg 
mented tapes may be used for fast access data storage Without 
Wasting the additional storage capacity of the tape. Data 
accessed less-frequently may consequently be Written to the 
tail end of “fast access” tapes. Thus, fast access data retrieval 
is enabled Without diminishing the storage capacity of the 
tape storage system 100. 
[0081] The present invention may be embodied in other 
speci?c forms Without departing from its spirit or essential 
characteristics. The described embodiments are to be consid 
ered in all respects only as illustrative and not restrictive. The 
scope of the invention is, therefore, indicated by the appended 
claims rather than by the foregoing description. All changes 
Which come Within the meaning and range of equivalency of 
the claims are to be embraced Within their scope. 

What is claimed is: 
1. A computer readable medium having computer usable 

program code programmed for selectively Writing data to a 
tape storage medium to optimiZe fast access data storage, the 
computer usable program code executable to perform opera 
tions comprising: 

selecting data for storage as one of fast access and sloWer 

access; 
Writing data selected for fast access on a ?rst segment of the 

tape storage medium; and 
Writing data selected for sloWer access on the remaining 

available storage space of the tape storage medium. 
2. The computer readable medium of claim 1, Wherein the 

tape storage medium is segmented and comprises a ?rst seg 
ment con?gured to provide fast access data storage and a 
second segment con?gured to provide sloWer access data 
storage. 

3. The computer readable medium of claim 2, further com 
prising Writing data selected for sloWer access on the second 
segment of the tape storage medium. 

4. The computer readable medium of claim 1, further com 
prising executing a read request for data selected for fast 
access before executing a read request for data selected for 
sloWer access. 
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5. The computer readable medium of claim 2, further com 
prising tracking the amount of data Written on the tape storage 
medium and determining the storage capacity remaining on 
the ?rst segment and the second segment of the tape storage 
medium. 

6. The computer readable medium of claim 5, further com 
prising determining Whether the remaining storage capacity 
on the ?rst segment of the tape storage medium is su?icient to 
store data selected for fast access. 

7. The computer readable medium of claim 5, further com 
prising determining Whether the remaining storage capacity 
on the second segment of the tape storage medium is su?i 
cient to store data selected for sloWer access. 

8. The computer readable medium of claim 1, further com 
prising providing an identi?er to identify the data as one of 
fast access and sloWer access. 

9. (canceled) 
10. (canceled) 
11. (canceled) 
12. (canceled) 
13. (canceled) 
14. (canceled) 
15. (canceled) 
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16. (canceled) 
17. (canceled) 
18. A method for selectively Writing data to a tape storage 

medium, the method comprising: 
selecting data for storage as one of fast access and sloWer 

access; 
Writing data selected for fast access on a ?rst segment of the 

tape storage medium; and 
Writing data selected for sloWer access on the remaining 

portion of the tape storage medium. 
19. The method of claim 18, further comprising executing 

a read request for data selected for fast access before execut 
ing a read request for data selected for sloWer access. 

20. The method of claim 18, further comprising tracking 
data storage on the tape storage medium, determining 
Whether the remaining storage capacity on a second segment 
of the tape storage medium is suf?cient to store data selected 
for sloWer access, and storing the data selected for sloWer 
access on the ?rst segment of a second tape storage medium 
When the remaining storage capacity of the second segment of 
a ?rst tape storage medium is insuf?cient. 

* * * * * 


