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Field of the Invention
The present invention relates to data storage libraries of removable media,
such as optical disks and tape cartridges, and in particular to a method and system
for improving the response time of a storage library in accessing its data media.

Background of the Iinvention

. An automated storage library is a computer data storage device capable of
mounting units of storage media (e.g., disks or tape cartridges) on a drive in
response to access requests from a host computer system. The diagram of FIG. 1
iltustrates a typical computer configuration in which a host computer system 100 is
attached to multiple storage libraries 108. The computer 100 includes buffers 106
stored in main memory or on nonvolatile secondary storage devices {e.g., fixed
disks) and one or more interface controllers 104. Each controller 104 is attached to
one or more data storage libraries 108 by an interface bus 110. Fhe buffers 106
store the results of recent library access requests so that some future requests can
be resolved without accessing the libraries. Some buffers 106 are also used to
reorganize data as it moves between the array of libraries and the computer 100.
Computer software 102 runs on the computer 100 and accepts access requests for
a storage device and translates those requests into one or more access requests to
a library in the system. The requests for data in a library are typically put into a
qu'eue accessible by the library, its controlter, the host, or any combination of them
depending on the computer configuration. '

A data storage library 108 usually includes a set of removable data media,

one or more storage drives capable of writing data to or reading data from the
media, a storage rack for storing the media when they are not in use, and a robot
picker mechanism {possibly more than one) for moving the media between the



_mounting units of storage nedia (e.g., disks or tape cartridges) on a drive
“in response to access requests from.a host conputer system The di agram of

. FIG 1l illustrates a typical conmputer configuration in which a host
conput er system 100 is attached to nultiple storage libraries 108. The
conmputer 100 includes buffers 106 stored in main nmenory or on nonvol atile
secondary storage devices (e.qg., fixed disks) and one or nore interface
controllers 104. Each controller 104 is attached to one or nore data
storage libraries 108 by an interface bus 110. The buffers 106 store the
results of recent library access requests so that sonme future requests can
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1,000 or more media units to a desk top unit containing as few as 8 media units.
" The storage capacity of the largest library systems is in the terabyte range, while
the smallest libraries may have capacities of only 1 gigabyte.
Several automated storage libraries are known. 1BM Corporation introduced
the 3850 Mass Storage System for the storage and retrieval of magnetic modules
'in the 1970's. More recently, several firms have introduced automated storage
fibraries for magnetic tape cartridges and optical disks. For instance, magnetic
tape cartridge libraries are described in U.S. Pat. No. 4,654,727, while optical disk
libraries are described in U.S. Pat. Nos. 4,614,474 and 4,766,581. The robotic
picker mechanisms of these libraries include one or more grippers, each gripper
capable of handling one or more storage media at a time. The ‘474 patent
discloses a robotic picker having a single gripper, while the 727 and ‘581 patents
disclose robotic pickers having multiple grippers.
FIG. 2 is a block diagram of a simple prior art library system 108 having a
fixed storage rack 202, a fixed drive 208, and a movable picker 210. The storage
rack 202 has multiple slots (or cells) 204 for storing the removable media 206 when
the media are not in use, each of the siots 204 holding a medium. In FIG. 2, the
rack 202 is shown as having nine slots 204, designated as slots S1 through S.
The slot S7 is empty because its medium has been moved by picker 210 to the
drive 208. In an actual storage library, there may be muitiple racks 202 and the
number of slots 204 in each rack 202 may be much higher. The picker 210 is



;storage rack and the drives. The storage rack typically has multiple slots
or cells, each holding a data nedium Each data nmedi um may be contained in
a cassette or cartridge housing for easier handling by the picker. The
pi cker operates on comand to transfer the data nedia between the storage
slots and the storage drives w thout manual assistance. Once a data nedi um
is |oaded (or nmounted) in a drive, data may be witten to or read out from
that mediumfor as long as the host systemso requires. Libraries range in
physi cal size fromthat of a roomcontaiing 1,000 or nore nedia units to a
desk top unit containing as few as 8 nedia units. The storage capacity of
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storage slots 204 and the drive 208.

-FIG. 3 is a flow chart showing the main tasks performed by the library 108 in
servicing a host request for accessing a data medium in the library. At step 3300,
drive 208 unloads (or demounts) any medium 206 currently in the drive. Normally,
this is the medium that was last accessed by drive 208. At step 302, picker 210
returns the unloaded medium 206 to its original slot 204. in rack 202. The picker
210 then travels to a slot in rack 202 where another medium 206, which will be
accessed next by drive 208, is stored, as shown by step 304. In the library system
of FIG. 2, this would be slot S7 before its medium was moved to drive 208. In step
308, the picker 210 delivers the medium from slot S7 to drive 208. Drive 208 then
loads and accesses the new medium in steps 308 and 310, respectively. If another
data medium is to be accessed by drive 208 after the medium from slot S7, as
determined by step 312, the steps of FIG. 3 are repeated starting with step 300,
where drive 208 would unload the medium currently in the drive. The unloaded
medium is then returned to its original slot in rack 202, which is slot S7 in this case,
according to step 302. -

FIG. 4 is a time line showing a chronology of activities of the library 108 in
servicing a request from the host computer 100, for accessing a data medium 206.
Assuming the medium 206 has not been loaded by drive 208, the response time of
the library is the sum of the time for drive 208 to unload the medium 206 currently
in the drive (1), time for picker 210 to return the unioaded medium 206 to its
original slot 204 (t2), time for picker 210 to travel to a slot in rack 202 to pick up the
next medium (t3), time for picker 210 to move the new medium from its slot to drive
208 (t4), time for drive 208 to load the new medium {t5), and time for drive 208 to
access the media (16).

For tape storage media, once a tape medium 208 is delivered to drive 208, it
is also necessary to mount the tape cartridge, read its table-of-contents (TOC), and
fast-forward the tape until the desired record on the tape is reached. These



the snallest libraries may have capacities of only 1 gigabyte.
Several automated storage libraries -.are known. |BM Corporation introduced

- the 3850 Mass Storage System for the storage and retrieval of nagnetic
nodul es in the 1970's. Mire recently, several firms have introduced
automated storage libraries for nmagnetic tape cartridges and optical disks.
For instance, magnetic tape cartridge libraries aré-described in U S. Pat.

. No. 4,654,727, while optical disk librarges are described in U S. Pat. Nos.
4,614,474 and 4,766,581. The robotic picker nmechani sns of these libraries
i nclude one or nore grippers, each gripper capable of handling one or nore
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can be removed from drive 208. Still, the typical time a disk medium is in the drive
208 while it is being loaded, accessed, and unloaded by the drive is at least tens of
seconds. In prior art fibrary systems, the picker 210 is typicatly idle during this time
period while waiting for the drive 208 to finish its operations on the medium. Since
the picker 210 cannot start its tasks of putting away the last accessed medium and
fetching the next medium until the drive 208 completes its operations, the picker
idle time unnecessarily adds the total res’ponse time of the library.

Furthermore, as shown by the library of FIG. 2, the time required for the
picker 210 to travel between a slot in the storage rack 202 and the drive 208 greatly
depends on the location of the slot relative to the drive. It takes less time for the
picker 210 to move to drive 208 from a slot physically closer to the drive 208 than
one further away from the drive. For example, it would take less time for the
picker 210 to move to drive 208 from slot S2 than from slot S6. Because of the
typically large number of slots 204 in an actual storage rack 202, this time
difference can be quite significant. Also, as illustrated by FIG. 4, the total fibrary
response time inciudes the time for the picker to return the previously accessed
medium to its slot {t2), time to travel to the slot holding the new medium (t3), and
time to deliver the new mediﬁm to the drive (t4). The response time thus heavily
depends on the relative locations of the drive 208, the old media slot, and the new
media slot. If these two siots are arranged such that they are physically close to
each other and also close to the drive, the time components 2, t3, and t4 of FIG. 2
can be greatly minimized, thus reducing the total library response time.



.3 nmovable by a transport mechani sm 200 for shuttling the nmedia 206 between
the storage slots 204 and the drive 208. FIG 3 is aflow chart

showi ng the main tasks performed by the library 108 in servicing a host
request for accessing a data nediumin the library. At step 300, drive 208
unl oads (or denounts) any medium 206 currently in the drive. Normally, this
Is the nmediumthat was | ast accessed by drive 208. At step 302, picker 210
returns the unl oaded nmedi um 206 to its original slot 204 in rack 202. The
pi cker 210 then travels to a slot in racks 202 where anot her nedi um 2086,
which will be accessed next by drive 208, is stored, as shown by step 304.

In the Library MYHSIinEd ) & phiahingos b7 A8 bP iSOl LR Spbbe g For ™
Reducing Response Time In Automated Library Data Retrieval Systems," a method
is disclosed for improving the access time in an automated storage fibrary by
creating multiple copies of data on different recording media cartridges. Thé
original data and its copies are stored in different areas of the library, where the
number of copies and their residence times depend on the usage of the original
data and any copies. A library manager selects the media cartridge that can be
retrieved in the shortest time based on the location of the original and the copies,
the location of the requested data on each cartridge, and the availability of the drive
and the picker.

This method, however, substantially reduces the storage capacity of the
library because the same data is stored in numerous copies in the library, in
addition to statistics on the usage of the original data and its copies. The
performance of the whole computer system is also degraded due to the multiple
write operations the system must perform for each data item. Furthermore, the
operation of the library requires a sophisticated library manager which, among
other tasks, collects usage information on each item of data such-as its location in
the library cartridges and the number of copies and their locations, determines the
residence times of the copies, and selects the appropriate caritridge to be retrieved.
The library manager thus adds significant complexity to the library system.

Another method for improving the response time in a storage library is
described in the assignee’s U.S. Pat. 5,197,055 for *Idfe Demount In An Automated
Stqrage Library.” in this method, whenever one or more occupied storage drives of
the library remain inactive for a predetermined relatively long time, their media are
demounted before these drives are actually needed for the next media. Such a
method of advanced media demount, however, imposes a severe performance
penalty to the system since it needs to continuously monitor all the storage devices
and determines whether to demount a medium based on the length of time the



306, the picker 210 delivers the nediumfromslot S7 to drive 208. Drive
208 then | oads and accesses the new nmediumin steps 308 and 310,
respectively. |If another data mediumis to be accessed by drive 208 after
the nmediumfromslot S7, as determ ned by step 312, the steps of FIG 3 are
repeated starting with step 300, where drive 208 woul d unl oad the nedi um
currently in the drive. The unl oaded nediumis then returned to its
original slot in rack 202, which is slot S7 in this case, according to step
302. FIG 4 is atine line showirfg a chronol ogy of activities of the
library 108 in servicing a request fromthe host conputer 100, for
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since the whole tray is moved together with the picker up and down the storage

rack.

Stilt other methods have been proposed for improving the response times of
storage libraries having a hierarchy of different storage devices, where the devices
have different access times and capacities. For instance, data may be staged or
destaged at different levels of the storage hierarchy, depending on certain
predetermined criteria on the data. As an example of staging, data in a library may'
be prioritized based on the likelihood of being used by the host computer in the
near future, wherein the data that is most likely to be requested next by the host
system is moved to the level of storage devices having the shortest access time.
Similarly, in the case of data destaging, the least likely used data is off-loaded to
the storage level with the longest access time. An example of such methods is
described in U.S. Pat. No. 4,636,946. Data staging or destaging may also be
based on the age of the data, rather than the likelihood of use, such as the method
described in U.S. Pat. No. 4,987,533.

The above data staging and destaging techniques, however, result in an
improvement in the response time only when the libraries include several types of
storage devices with significantly different access times. Furthermore, the methods
typically require the constat::t supervision of a library manager for moving data back
and forth among the various levels of the storage hierarchy, based on constantly
changing parameters such as the age and usage of the data. Lastly, since the
amount of data being moved in the destaging is usually larger than the amount of



,4 actions, which are part of the tinme period t5 of FIG 4, for |oading the
medi um 206, typically take mnutes to conplete. For disk storage nedia, the
| oading time is shorter because the disk nmedia can be randonly accessed for
witing data to or reading data fromthe di sk. However, once the disk
mediumis delivered to drive 208, it is still necessary to spin the disk up
to a desired speed, during tine t5, before the disk is accessed. Simlarly,
during time t1 when drive 208 is unloading the nedium it is necessary to
spin down the just accessed di sk nmedi umfbefore it can be renoved fromdrive
208. Still, the typical tinme a disk nediumis in the drive 208 while it is
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during thigabL Bt destaging operations, thus degrading the performance of the whole
computer system. )

Therefore, there remains a need for a simple method for destaging and

prestaging the library media that allows concurrent operation of the picker and the
drive, and doés not require a complex library management system, reduce the
storage capacity of the library due to the duplication of data, or impose a
performance penalty on the host computer because of storage device management
tasks.

Summary of the invention

The present invention is a data storage library of removable media with
means for destaging and prestaging the media, and a method for improving the
response time of the library by destaging and prestaging the media concurrently
with the operation of the drive. In a preferred embodiment of the invention, the
library comprises a media storage rack with multiple slots for storing the data
media, at least one storage drive for writing data to or reading data from one of the
media, a picker for moving the media between the slots and the drive, and a
destage slot. The destage slot aliows the fast off-loading of the previously
accessed medium from the drive to minimize the drive idle time, and preferably, is
physically closest to the drive to minimize its travel time.

In accordance with the invention, the picker moves a first medium from the
drive to the destage slot, the first medium being the medium that was last accessed
by the drive. The picker moves a second medium from a slot of the storage rack to
the drive, the second medium being one that will be accessed next by the drive,
after the first medium. While the drive is accessing the second medium, the picker
returns the first medium from the destage slot to the slot that originally held the first
medium, in the storage rack. The picker then positions itself next to the drive to be

ready for destaging the second medium in the next iteration of the method steps.
_—
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period while waiting for the drive 208 to finish its operations on the
‘medi um Since the picker 210 cannot start its tasks of putting away the

| ast accessed nmedi um and fetching the next mediumuntil the drive 208
conpletes its operations, the picker idle time unnecessarily adds the total
response tine of the library. Furthernore, as shown by the library
of FIG 2, the time required for the picker 210 1 travel between a slot in
the storage rack 202 and the drive 208 greatly depends on the | ocation of
the slot relative to the drive. It takes8ess tinme for the picker 210 to
nove to drive 208 froma slot physically closer to the drive 208 than one
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time. its slot in the storage rack to the prestage slot. The method steps are repeated with
the second and the third medium in the last iteration becoming, respectively, the
first and second media in the next iteration.

Additional objects and advantages of the present invention will be set forth in
the description which follows, and in part will be obvious from the description and
with the accompanying drawing, or may be learned from the practice of this
invention.

Brief Description of the Drawings )

FIG. 1 is a block diagram of a host computer system attached to multiple
data storage library systems.

FIG. 2 is a block diagram of a prior art library system having a fixed storage
rack with multiple slots, multiple removable data media, a fixed drive, and a picker
for moving the media between the storage slots and the drive.

FIG. 3 is a flow chart representing the operation of library system of FIG. 2,
in éervicing requests from the host computer to access the data media of the library
system.

FIG. 4 is a time fine showing the chronology of activities of the storage library
of FIG. 2, in servicing a host request for accessing the data media, according to the
prior art method of FIG. 3. ,
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.5 In the assignee's U.S. Patent No. 5,287,459 for "Method and

Appar atus For Reduci ng Response. Tine In Automated Library Data Retri eval
Systens, " a nethod is disclosed for inproving the access tine in an
automated storage library by creating nmultiple copies of data on different
recording nmedia cartridges. The original data and its copies are stored in
different areas of the library, where the nunber of copies and their
residence tinmes depend on the usage of the original data and any copies. A
library nmanager selects the nedia cartri®ige that can be retrieved in the
shortest tine based on the |ocation of the original and the copies, the
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fixed home slot for each medium to return to, in accordance with the first preferred
embodiment of the invention.

FIG. 6 is a flow chart representing the operation of the destaging metliod, in
accordance with the invention, as applied to the library system of FIG. 5 in servicing
a media access request from the host computer.

FIG. 7 is a time line showing the chronology of activities of the storage library
with a destage slot of FIG. 5, in performing the media destaging method '
represented by the flow chart of FIG. 6.

FIG. 8 is a block diagram of a storage library system having a destage slot,
but each medium does not have a home slot to return to, in accordance with the
second preferred embodiment of the invention.

FIG. 9 is a flow chart representing the operation of the method of media
destaging, in accordance with the invention, as applied t(i) the library system of
FIG. 8.

FIG. 10 is a block diagram of a storage library having a media destage slot,
a media prestage slot, and a fixed home slot for each medium to ¥eturn to, in
accordance with the third preferred embodiment of the invention.

FIG. 11 is a flow chart representing the operation of the media destaging
and prestaging method, in accordance with the invention, as applied to the library
system of FIG. 10 in servicing a media access request from the host computer.

FIG. 12 is a time line showing the chronology of activities of the storage
library with a destage slot and a prestage slot, in performing the media destaging
and prestaging method represented by the flow chart of FIG. 11.

FIG. 13 is a block diagram of a storage library having a media destage slot
and a media prestage slot, but each medium does not have a fixed home slot to
return to, in accordance with the fourth preferred embodiment of the invention.



.This nmethod, however, substantially reduces the storage capacity of the

| i brary because the sane data is.stored in nunerous copies'in the library,
in addition to statistics on the usage of the original data and its copi es.
The perfornmance of the whol e conputer systemis al so degraded due to the
multiple wite operations the systemnust performfor each data item
Furthernore, the operation of the library requires a sophisticated library
manager whi ch, anong ot her tasks, collects usage information on each item
of data such as its location in the lilpgary cartridges and the nunber of
copies and their |ocations, determnes the residence tinmes of the copies,
and selects the appropriate cartridge to be retrieved. The |ibrary nmanager
t hus adds si gniFlGca4tis adiow ohant yepresenting therapeyationsafdhe media destaginther
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drives of e library remaln 1nactive for a predetermned relatively |ong
time, their nmedia are denmounted before these drives are actually needed for
the next nedia. Such a nethod of advanced nedi a denobunt, however, inposes a
severe performance penalty to the systemsince it needs to continuously
nonitor all the storage devices and determ nes whether to denount a nmedi um
based on the length of tinme the



.6 respective device has been idle. A so, the nethod does not work well if
the library is busy nost of the tine. In the U S. Pat. No. 5,418, 664,
a storage library is described which includes a tray capabl e of hol ding
multiple storage nedia cartridges and attached to an a robotic indexing
hand of the library. The tray is used to store the nedia cartridges for

I nprovi ng the performance of the nedia exchange operations. Such a library,
however, adds conplexity to the picker design and is ‘cunbersone in
operation since the whole tray is novedlkogether with the picker up and
down t he storage rack. Still other nethods have been proposed for

| nprovi ng the response tines of storage I|brar|es haV|ng a hierarchy of

di fferent storage devi cesDestripth rPreferred E

A data storage library according to the invention will now be described with
reference to FIG. 5. The library 500 comprises a media storage rack 502 having
multiple slots 504 for storing data media 506, a storage drive 508 for writing data to
or reading data from one of the media 5086, a picker mechanism 510, and a
destage slot 514. Preferably, the destage slot is the slot in rack 502 that is
physically closest to drive 508. The picker 510 is movable by a transport
mechanism 512 for shuttling the media 506 between the storage slots 504 and
drive 508. FIG. 5 shows a preferred embodiment of the invention in which the
storage slot S1 of rack 502, which is physically closest to drive 508, is used as the
destage slot 514. In such a configuration, where each medium is assigned a
permanent home slot, the capacity of the storage rack 502 is reduced by one stot.
Atternatively, an additional storage slot close to the drive 508 may be provided and
designated as the destage slot 514 to avoid reducing the rack capacity. In either
case, the destage slot 514 aliows a medium previously accessed by the drive 508
to be quickly off-loaded from the drive and temporarily held in the destage slot,
while the picker 510 retrieves a new medium and delivers the new medium to
drive 508.

FIG. 6 is a high-level flow chart showing the main steps performed by the
library of FIG. § in servicing a host request for media access, in accordance with
the method of the present invention. Starting with step 602, the drive 508 unloads
any medium currently in the drive (the first medium). Normally, this would be the
medium that was last accessed by the drive. In step 604, the picker 510 moves the
unloaded medium to the destage slot 514. Since the destage slot 514 is the slot in
rack 502 that is closest to drive 508, the picker 510 only need to travel the shortest
possible distance and can off-load the unloaded medium in the least possible
amount of time. This time period is generally much less than the corresponding
time component t2 of FIG. 4, for the prior art method. In step 608, the picker 510

travels to a slot in rack 502 to pick up a new medium (designated as the second



.have different access tines and capacities. For instance, data may be
staged or destaged at different |levels of the storage hierarchy, depending
on certain predetermned criteria on the data. As an exanpl e of staging,
data in a library may be prioritized based on the |ikelihood of being used
by the host conputer in the near future, wherein the data that is nost
likely to be requested next by the host systemis noved to the |evel of
storage devices having the shortest access tinme. Sinmilarly, in the case of
data destaging, the least likely used2data is off-1oaded to the storage

| evel wth the | ongest access tinme. An exanple of such nethods is described

in U S Pat. No. 4, 636,946. Data staging or destaging.may. al so be based on
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in step 614, the above-described steps of FIG. 6 are executed again starting with
step 602, for unioading the medium currently in drive 508. The second medium in
the current cycle becomes the first medium in the next cycle. In parallel with the
drive operations performed in steps 610, 612, and 602, the picker 510 returns the
~ first medium, currently in the destage slot 514, to the slot in rack 502 that originally
contained this medium, as showh by step 620 of the right branch. Also, the
picker 510 positions itself next to drive 508, in step 622, to be ready for destaging
the second medium from drive 508 in the next iteration of the method steps.
FIG. 7 is a time line showing the chronology of activities of the library
system 500 in handling a request from the host system to access a data medium in
the library. The library response time is the sum of time periods t2, t3, t4, t5, t6 and
t1. During time t2, the picker 510 off-loads any medium currently in drive 508 to the
destage slot 514. Since the destage slot 514 is in close proximity to drive 508, this
time t2 is generally smaller than the time t2 of FIG. 4, for prior art methods. During
time t3, the picker 510 travels to a slot in rack 502 to pick up the second medium,
which will be accessed next by drive 508. The picker 510 then retrieves the second
medium from its slot and defivers it to the drive 508 in time t4. During time periods
t5 énd 16, the drive 508 loads and accesses the second medium, respectively.
Finally, the drive 508 unloads the second medium, in time t1, and the cycle repeats.
The time periods 7 and t10, during which the picker 510 moves the
previously accessed medium (the first medium) from the destage slot 514 to its
original siot in rack 502 and positions itself next to the drive 508, respectively, do
not add to the total response time of the library. These tasks are performed



I dat'a processed by the host processor, the processor may be tied up
during long series of destaging operations, thus degrading the performance
of the whol e conputer system Therefore, there renmains a need for a
sinple method for destaging and prestaging the library nmedia that allows
concurrent operation of the picker and the drive, and does not require a
conplex |ibrary nmanagenent system reduce the storage capacity of the
|ibrary due to the duplication of data, or inpose a performance penalty on
t he host conputer because of storage dgqgi ce managenent tasks.
SUMVARY OF THE | NVENTI ON It is an object of the present invention to
amel | orat eco%rc]:%rr%rnﬂg%t?\ gr%vseagﬁ/éirgﬁg seéuring time periods t5, t6, and t1, and typically
can be completed during such periods.
1n the previously described preferred embodiment, the capacity of the library
of FIG. 5 was reduced by one storage medium because its slot was used as the
media destage slot. That embodiment allows simplicity of library management by
assigning a fixed permanent home slot for each medium in the library. In a second
preferred embodiment of the invention, no reduction in the storage capacity is
required and yet improvement in response time deriving from rapid destage can still
be achieved. In this embodiment, each medium will not have a fixed home slot to
always return to. Instead, the finished medium (the first medium) will be moved
from the destage slot to wherever an empty slot, which was last occupied by the
medium currently in use in the drive, happens to be. The library in which such a
method is used would be the same as the one shown in FIG. 2, with slot S1 being
permanently assigned as the destage slot, as shown in the library 800 of FIG. 8. A
flow chart representing the operation of the second preferred embodiment of the
method for media destaging is provided in FIG. 9.
Starting at step 902, the drive 808 unloads any medium 806 currently in the
drive. In step 904, the picker 810 moves the unloaded medium to the destage
slot 814. Since the destage siot 814 is the slot in rack 802 that is nearest to drive
808, the picker 810 only need to travel the shortest possible distance. in steps 906
and 908, respectively, the picker 910 travels to one of the slots in rack 802 to pick
~ up a second medium, which is to be accessed next by drive 808, and delivers the
second medium to the drive.
| Again, the concurrent activities of drive 808 and picker 810 are shown by the
two branches of the flow chart. In steps 910 and 912 of the left branch, drive 808
loads and accesses the second medium, respectively. If a third medium is to be
accessed by drive 808 after the second medium, as determined in step 914, the
above described steps are repeated starting with step 902. The second and third

medium of the current cycle become the first and second media, respectively.



.of the prior art. According to one aspect of the present invention
there is provided the first anendnent incorporated a nethod for destaging
and prestaging nedia in a storage |library having a plurality of renovable
data nedia, a plurality of storage slots for holding the nedi-a, at | east
one storage drive for reading data fromand witing data to the nedia, a
destage slot, the destage slot being a storage slot physically closest to
the drive, a prestage slot, and a picker for noving the nedia anong the
slots and the drive, the nethod conpri¥4ng the steps of: noving a first
mediumfromthe drive to the destage sl ot, the first medi um bei ng t he
medi um t hat was | ast accessed by the dr|ve I ng a _second nedium fromthe
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st orage Ilbnqﬁyskﬁﬁnﬂﬁ§mgqnpg and prestaging nmedia in the library, the
l'i brary having a renovabl e data nedia, a plural |Eé of storage
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| which the storage library 1000 includes a prestage slot 1016 in addition to a
destage slot 1014. Preferably, both the destage slot 1014-and prestage slot 1016
are as close to drive 1008 as possible to minimize the picker's travel time. As an
example, in the storage library of FIG. 10, the slots S1 and S2 of rack 1002, which
are the first and second physically closest slots to drive 1008, are designated as
the destage slot 1014 and prestage slot 10186, respectively. In this configuration,
where each medium is assigned a permanent home slot, the capacity of the
storage rack 1002 is reduced by two slots. Alternatively, two additional storage
slots may be provided close to the drive 1008 and designated as the destage and

-

j'\

prestage slots to avoid reducing the rack capacity.
As in the storage library of FIG. 5, the destage slot 1014 provides a place for
quickly off-loading a previously accessed medium (the first medium) and for
temporarily holding the first medium, while the picker 1010 goes to retrieve a
second medium and delivers the second medium to drive 1008. These operations
are the same as those performed in time periods t3 and t4 for the prior art method
of FIG. 4. The prestage slot 1016, however, is used for holding a third medium,
which will be accessed following the second medium by drive 808, while drive 1008
loads, accesses, and eventually unloads the second medium. In FIG. 10, the
prestage slot 1016 is shown as holding the medium from slot S4 which will next be
accessed by drive 1008. The slot S7 is empty because its medium is being
accessed by drive 1008. Since the prestage slot 1016 is located near the drive



data fromand witing data to the nedia, a destage slot, the destage sl ot
being a storage slot physically closest to the drive, a prestage slot, and
a picker for noving the nmedia anong the slots and the drive, the conputer
program product conprising: a conputer-readabl e medi um neans, provided on
t he conputer-readable nmedium for directing the library to nove a first
mediumfromthe drive to.the destage slot, the first. nmedi um being the
medi um t hat was | ast accessed by the drive; neans,  provided

8 on the conputer-readabl e nedium fjgr directing the library to nove a
second medium fromthe prestage slot to the drive, the second medi um
being the nediumthat wll be accessed next by the drive after thﬁn&JrSt

medi um  aAB08ethespickerc\diduill needte travebaseletively samslSéanﬁ,edﬁolmM thet
oot b RE Yk, EEbIERB s Bl FRHEL oM e dpstage stot to
_FIG. 11 is a flow chart showing the main steps performed by the library of

FIG. 10, when it services a host computer request for accessing a medium in the

flibrary. Starting with step 1102, drive 1008 unloads any medium (designated as the

first medium) currently in the drive. In step 1104, the picker 1010 moves the first

mediumto the destage slot 1014. Since the destage slot 1014 is preferably the slot

in rack 1002 that is closest to drive 1008, the picker 1010 only has to travel the

shortest possible distance. In steps 1106 and 1108, the picker 1010 travels to one

of the slots in rack 1002 to pick up another medium, which is to be accessed next

by drive 1008 and designated as the second medium, and delivers the second

medium to the drive, respectively. |

. The left and right branches of the flow chart, following step 1108, represent

concurrent operations of drive 1008 and picker 1010, respectively. In steps 1110
and 1112, drive 1008 loads and accesses the second medium, respectively. If a
third medium is to be accessed following the second medium, as determined in
step 1114, then once access of the second medium is completed; the drive 1008
unloads the second medium in step 1102. The method steps are repeated starting
with step 1104, with the second and third media of the last cycle becoming the first
and second media, respectively, in the new cycle. In parallel with the drive
operations in steps 1110, 1112, and 1102, the picker 1010 continues with its
operations, shown by steps 1120 through 1128 of the right branch. in step 1120,
the picker 1010 returns the destaged first medium to its home slot in rack 1002. If
there is no other access waiting in the library request queue, then the picker 1010
positions itself next to drive 1008 in step 1128. If there is another access request in
the queue, then the picker 1010 travels to one of the rack slots to pick up a third
medium, which will be accessed next by drive 1008, as shown by step 1124. The
picker 1010 delivers the third medium to the prestage slot 1016 in step 1126, and



.on the second nedium the nmeans for directing to return includes neans for

directing

the library to nove a third nmediumfroma respéctive storage

slot to the prestage slot, the third nedium being the mediumthat wll
accessed next by the drive, after the second nedi um According to still
anot her aspect of the present invention there is provided a data storage
library systemconprising: a plurality of renovable data nedia; a plurality
of storage slots for holding the nedia; at |east one storage drive for
reading data from and witing data tIsthe nmedia; a prestage slot for

medium to be accessed next by the drive; the destage slot, the
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proximity of the drive 1008 to the destage slot 1014), time {3 for the picker 1010 to
move to the prestage slot 1016 to pick up the second medium, time t4 for the
picker 1010 to deliver the second medium to drive 1008, time t5 for drive 1008 to
load the second medium, time 16 for the drive to access the second mediurn, and
time t1 for the drive to unload the second medium. Note that the picker 1010
returns the destaged first medium, retrieves the third medium, and positions next to
the drive during time periods 17, 18, 19 and t10 in parallel with the loading,
accessing, and unloading by drive 1008 during the time 15, 16, and t1. Thus, the
time periods 17, 8, t9, and 110 do not add to the total response time of the library.
Unlike the prior art method of FIG. 4, the picker 1010 is not idle while drive
1008 is busy (time 15, 16, and t1), and drive 1008 is not subsequently idle while it
waits for the picker 1010 to return the first medium to rack 1002 and fetch the third
medium. Rather, the method of the present invention allows both the drive 1008
and the picker 1010 to perform their respective tasks concurrently. Thus, little time
will be lost while drive 1008 waits for the third medium in the next iteration of the
method steps since the third medium has been brought to the prestage slot, close
to the drive. This task was performed by the picker while the drive was busy with
the second medium and thus does not add to the response time. Also, little time
was lost when the picker off loaded the first medium since it did not have to bring
this medium back to its original slot, but only to the nearby destage slot. Later on,
the picker 1010 can resume the task of returning the first medium to its original slot,
while the drive 1008 performs media operations on the second medium. The
proximity of the destage and prestage slots to the drive 1008 and to each other,



,Storage library systens. FIG 2 is a block diagramof a prior art
library systemhaving a fixed storage rack with nmultiple slots, nultiple
renovabl e data nedia, a fixed drive, and a picker for noving the nedia
bet ween the storage slots and the drive. FIG 3 is a fllow chart
representing the operation of library systemof FIG 2, in servicing
requests fromthe host conputer to access the data nedia of the.library

syst em

FIG 4 is atime |ine showing the chronol ogy of activities of

the storage library of FIG 2, in sedVicing a host request for accessing
the data nedia, according to the prior art nethod of FIG 3.

9

together with the concurrent operations of the drive 1008 and the picker 1010,
significantly shorten the overall response time of the library system.

In the third preferred embodiment of the invention described above, the
capacity of the library of FIG. 10 is reduced by two media because their slots are
used as the destage and prestage slots. That embodiment allows simplicity of
library management by assigning a fixed permanent home slot for each medium in
the library. In a fourth preferred embodiment of the invention, the library capacity
will not be reduced for the destaging and prestaging purposes, yet reduction in
response time deriving from prestage and rapid destage can still be achieved.

In accordance with the invention, the prestaging of the third medium will be
done first, then the finished medium (the first medium) will be moved from the
destage slot to wherever an empty slot, which is freed up by the prestaging of the

third medium, happens to be. Thus, each megium will not have a fixed home slot

to always return to. The library system in which such a method is used would be
the same as the one shown in FIG. 2, with slot S1 being permanently assigned as
the destage slot and slot S2 being permanently assigned as the prestage slot.
Such a library system is shown in FIG. 13. The prestage slot 1316 holds the
medium that will be accessed next by drive 1308, while the destage siot 1314 holds
the last accessed medium, which will be returned to the slot previously occupied by
the medium currently in the prestage slot. FIG. 14 is a flow chart representing the
operation of this method of destaging and prestaging the media..

Starting at step 1402, the drive 1308 unloads any medium currently in the
drive (the first medium). In step 1404, the picker 1310 moves the unioaded first
medium to the destage siot 1314, in steps 1406 and 1408, the picker 1310 goes to
the prestage slot 1316 to pick up the new (second) medium, which is to be
accessed next by drive 1308, and delivers the new medium to the drive,
respectively. The second medium has been prestaged in slot 1316 during the
previous cycle of the method steps. The drive 1308 and picker 1310 then operate
concurrently, as shown by the two branches following step 1408.
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JFIG 5 is a block diagramof a storage library having a destage slot and a
fixed hone slot for each mediumto return to, in accordance with the first
preferred enbodi ment of the invention. FIG 6 is a flow chart
representing the operation of the destaging nmethod, in accordance with the
I nvention, as applied to the library systemof FIG 5 in servicing a nedia
access request fromthe host conputer. FIG 7.is atime |line show ng
the chronol ogy of activities of the storage library with a destage sl ot of
FIG 5, in performng the nedia destagigg nethod represented by the flow
chart of FIG 6. FIG 8 is a block diagramof a storage library
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current cycle become, respectively, the first and seoond media in the new cycle.

In parallel with the drive operations of steps 1410, 1412, and 1402, the
picker 1310 continues with its operations in steps 1420 through 1428. If a third
medium is needed after the second medium, as determined by step 1420, the
picker 1308 travels to the slot holding this third medium in step 1422, and moves it
to the prestage slot 1316, in step 1424. Next, in step 1426, the picker 1310
retrieves the first medium currently in the destage slot 1314 and puts it into the free
slot previously occupied by the third medium. Finally, the picker 1310 positions
itself next to the drive 1308 to be ready for destaging the second medium, which
becomes the first medium, in the next iteration of the method steps. At this point,
the destage slot 1314 is the only empty slot in the library.

Based on the foregoing specification, the invention may be-implemented

using computer programming or engineering techniques including computer
software, firmware, hardware or any combination or subcombination thereof. Any
such resulting program, having computer-readable code means, may be embodied
or provided within one or more computer-readable media, thereby making a
computer program product, i.e., an article of manufacture, according to the
invention. The computer readable media may be, for instance, a fixed (hard) drive,
diskette, optical disk, magnetic tape, semiconductor memory such as read-only
memory (ROM), etc., or any transmitting/receiving medium such as the Internet or
other communication network or link. The article of manufacture containing the
computer code may be made and/or used by executing the code directly from one
medium, by copying the code from one medium to another medium, or by
transmitting the code over a network.
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.and prestaging nethod, in accordance with the invention, as applied to the
library systemof FIG 10 in servicing a nedia access request fromthe host
conmputer. FIG 12 is atime |line show ng the chronol ogy of
activities of the storage library with a destage slot and a prestage slot,
in perform ng the nedia destagi ng and prestagi ng nethod represented by the
flow chart of FIG 11. FIG 13 is a block diagram of a storage

i brary having a nedi.a destage slot and a nedia prestage slot, but each
nmedi um does not have a fixed honme slotij9o return to, in accordance with the
fourth preferred enbodi nent of the invention.

10 An apparatus for making, using, or selling the invention may be one or more
processing systems including, but not limited to, a central processing unit (CPU),
memoyy, storage devices, communication links and devices, servers, /O devices,
or any sub-components of one or more processing systems, including softwére,
firmware, hardware or any combination or subset thereof, which embody the
invention as set forth in the claims.

User input may be received from the keyboard, mouse, pen, voice, touch
screen, or any other means by which a human can input data to a computer,
including through other programs such as application programs.

~ One skilled in the art of computer science will easily be able to combine the
software created as described with appropriate general purpose or special purpoée
computer hardware to create a computer system or computer subsystem
embodying the method of the invention.

While several preferred embodiments of the invention have been described,
it should be apparent that modifications and adaptations to those embodiments
may occur to persons skilled in the art without departing from the scope and the
spirit of the present invention as set forth in the following claims. -



FIG 14 is a flow chart representing the operation of the nedia destaging
and prestagi ng nethod, in accordance-with the invention, as applied to the
library systemof FIG 13 in servicing a nmedia access request fromthe host
conputer. Description of the Preferred
Enbodi nment A data storage library according to the invention wll
now be described with reference to FIG 5. The library 500 conprises a

medi a storage rack 502 having multiple sgé)ts 504 for storing data nedia
506, a storage drive 508 for witing datda"to or reading data from one of

t he nedi a 506, a picker nmechanism 510, and a

Claims

What is claimed is:

1. A method for destaging and prestaging media in a storage library
having a plurality of removable data media, a plurality of media storage slots each
holding one of the media, at least one storage drive for reading data from and
writing data to the data media, a destage slot, and a picker for moving the media
among the slots and the drive, the method comprising the steps of:

moving a first medium from the drive to the destage slot, the first medium
being the medium that was last accessed by the drive; |

moving a second medium from a slot holding the second medium to the
drive, the second medium being the medium that will be accessed next by the drive
after the first medium; and

during operation of the drive on the second medium, returning the first

medium from the destage slot to the slot originally holding the first medium.

2. The method as recited in claim 1, wherein the media storage slot that

is physically closest to the drive is used as the destage slot.

3. The method as recited in claim 1, further comprising the step of

positioning the picker close to the drive after the picker returns the first medium.

G



destage sl ot 514. Preferably, the destage slot is the slot in rack 502 that
"is physically closest to drive 508. The picker 510 is novable by a
transport nechani sm 512 for shuttling the nedia 506 between the storage
slots 504 and drive 508. FIG 5 shows a preferred enbodi nent of the
invention in which the storage slot S1 of rack 502, which is physically

cl osest to drive 508, is used as the desrﬁge slot 514. In such a
configuration, where each-nmediumis assighed a permanent honme slot, the
capacity of the storage rack 502 is reduced by one slot. Alternatively, an
addi tional storage slot close to the drive 508 may be provi ded and
designated as the destage slot 514 to avaid reducjng the rack capacity. In
ei ther case, thd desthganethed asracitad igplaim hém‘lfﬁirb&&m%'@%}szﬂp@é%%l@d by
the drive 508 to be quickly off-loaded fromthe drive and tenporarily held
in the destespensivetto avaiquest foe apcedscto the Gecand medasna new medi um and
delivers the new nediumto drive 508. FIG 6 is a high-level flow
chart showing the main steps perfornmed by the library of FIG 5 inm
servicing a host request for nmedia access, in accordance with the method of

the present invgntio i i t 6 [ ARy
medi um currently in ?H%%%é%%trﬁhﬁ% ﬁlﬁﬁ%ﬁ%ﬁ#@ﬁ@fhﬁg V&O&te ﬁirusf(?%ﬁ?’ggbe
the nmediumthat was, | ast accessed by the drive. In steg 604, the picker 510
moves t he 8 TEabmedidm; the first mediuge i rgljined in thestorage glat ?rﬁg‘%’@& age sl ot
514.is the slot in rack 502 that is closest to drive 508, the picker 510
only need oecupiex by thésestnd mesium.

6. The method as recited in claim 1, wherein:

the fibrary includes a prestage slot;

in the step of moving a second medium, the second medium is moved from
the prestage slot to the drive; and

the step of returning the first medium includes the step of moving a third
medium from a respective storage slot to the prestage slot, the third medium being

the medium that will be accessed next by the drive, after the second medium.

7. The method as recited in claim 6, wherein the media storage slots
that are physically the first and second closest to the drive are used as the destage

slot and the prestage slot, respectively.
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_possi bl'e di stance and can off-1oad the unl oaded nmediumin the | east
possi bl e amount of tinme. This tinme period is generally nmuch |ess than the .
corresponding tinme conponent t2 of FIG 4, for the prior art nethod. In
step 606, the picker 510 travels to a slot in rack 502 to pick up a new
medi um (desi gnated as the second

12 medium, which is to be accessed nexf by drive 508, and delivers the
second mediumto the drive in step 608. Fol | owi ng step 608, the
activities of the drive 508 and picker 510 take place concurrently and are
shown respectively by the left and right branches of the flow chart. In

steps 610 and 612 of _the left branch,, drive 508 | pads and accesses the
8. The method as recited in claim 6, wherein:

the step of moving a third medium to the pfestagé slot is performed before.
the ste—b of returning the first medium from the destage slot; and

the step of returning the first medium includes the step of moving the first
medium from the destage siot to the storage slot previously occupied by the third

medium.

9. The method as recited in claim 1, wherein the method steps are
repeated as long as there are still requests to access the data media of the storage

library.
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.second nedium respectively. If another nediumis to be accessed, as
determned in step 614, the above-described steps of FIG 6 are executed
again starting with step 602, for unloading the mediumcurrently in drive
508. The second nediumin the current cycle becones the first  mediumin the
next cycle. In parallel with the drive operations perforned in steps 610,
612, and 602, the picker 510 returns the first medium currently in the
destage slot 514, to the slot in rack 50223hat originally contained this
medi um as shown by step 620 of the right branch. Al so, the picker 510
positions itself next to drive 508, in step 622, to be ready for destaging
t he second nedhg81fr mdrive 508 in the next iteration of the nmethod steps.
FIG 7 is a timdin® OMRRitREPorapyRreaurtdaruss Witk @ siprageditsarties i brary
system 500 in handling a request fromthe host systemto access a data
medi um i n ©@staging and prestaging tmedia in theplibany, theribrary havingaplurblityiofe peri ods
t2, t3, t4, t5-t6 and t1. During tinme t2, the picker 510 of f-|oads any
medi um cur renbvablée dath medlidtBplufality of ARBIE&6rae®lots Bach Fodifg dhe d*ﬁtf%f;age

y

slot 514 is in close proximty to drive 508, this time t2 Is genera
smaller th | o1y r Rﬁqgﬁp Fg | iLme t3,
t he pi cker ﬁ%%élsart tz]i%égs?h t% oé%érdgeo e\iﬁ%e {Ogé?(%@afl% ftqrg% p éf@br}ﬁc}hﬁedl um
which wll %ﬁ. ‘%cg.esse next - drjve, 508, The picker 510 then retrieves the
second medf PO AcdesiagR sioha egfor maving ¥ae mediaamong the sioteand.
During ting periods t5 and t6, the drive 508 |oads and accesses the second
medi um  r eHigedive, drg computan program pioduct cemprisingoads t he second nedium in
time t1, and the cycle repeats.

a computer-readable medium;

means, provided on the computer-readablé medium, for directing the library

to move a first medium from the drive to the destage slot, the first medium being
f the medium that was last accessed by the drive;
B means, provided on the computer-readable medium, for directing the library
to move a second medium from a slot holding the second medium to the drive, the
second medium being the medium that will be accessed next by the drive after the
first medium; and
means, provided on the computer-readable medium, for directing the library

to return the first medium from the destage slot to the slot originally holding the first

medium, during operation of the drive on the second medium.

\
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,The time periods t7 and t10, during which the picker 510 noves the

previ ously accessed nmedium (the first nmediun) fromthe destage slot 514 to
its original slot in rack 502 and positions itself next to the drive 508,
respectively, do not add to the total response tine of the library. These

tasks are perforned 13
concurrently with drive operations during tine periods t5, t6, and tl1, and
typically can be conpl eted during such riods. In the previously

descri bed preferred enbodi nent, the capacity of the library of FIG 5 was
-reduced by one storage nedi um because its slot was used as the rredi a

dest age slot. That enbodi nent all ows si l[icity_of |ibrar nt b
J 11, The computer program progﬂct as re%lted in claEm 1)6 m?”l Y

media storage slot that is physically closest to the drive is used as the destage slot.
12.  The computer program product as recited in claim 10 further
comprising means, provided on the computer-readable medium, for directing the

library to position the picker close to the drive.

13.  The computer program product as recited in claim 10, wherein the
means for directing the iibrary to return the first medium includes means, provided
on the computer-readable medium, for directing the library to return the first

medium to the storage slot previously occupied by the second medium.

14.  The computer program product as recited in claim 10, wherein:

the library includes a prestage slot;

the means for directing the library to move a second medium includes
means, provided on the computer-readable medium, for directing the library to
move the second medium from the prestage slot to the drive; and

the means for directing the library to return the first medium includes means,
provided on the computer-readable medium, for directing. the library to move a third
medium from a respective slot to the prestage slot, the third medium being the

medium that will be accessed next by the drive, after the second medium.

-_—
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5

.assigning a fixed permanent hone slot for each mediumin the library. In a
second preferred enbodi nent of the invention, no reduction in the storage
capacity is required and yet inprovenent in response time deriving from
rapi d destage can still be achieved. In this enbodi nent, each nediumwl|
not have a fixed home slot to always return to. Instead, the finished
medi um (the first nedium w il be noved fromthe destage slot to wherever
an enpty slot, which was | ast occupi ed by the medi um-currently in use in
the drive, happens to be. The library i# which such a nethod is used woul d
be the sane as the one shown in FIG 2, with slot S1 being permanently
assigned as the destage slot, as shown in the library 800 of FIG 8. A flow
chart represenifng The C@mr Wﬁgfﬂmﬂ@@@@r\'ﬁmfﬂ@ﬂ@laﬁmWB@I"%FRQ of the
met hod for nedia destaging is provided in FIG 9. Starting at step
902, the rhediesiPage slotattat any physicaliy thedirstiandesedopdiaiogdsttaithevdrive arest ep
904, the picker 810 noves the unloaded nediumto the destage slot 814.

Si nce they | at is nearest to drive
808, the plgg?;grgg%gb on yjs‘rﬂloete %dg@téggfgpé%deta?ﬁgrgt&g\’gwpos& bl e distance. In
steps 906 and 908, respectively, the picker 910 travels to one of the slots
in rack 802 to pick up a second nedium which is to be accessed next by
drive 808, and delivers the second mediumto the dri aln t he
concurrent act 16t i €8¢ SOMAULRIDIIQFAMN RIOHIC s Tepites '&r@a@hMﬂWB?red

branches of the flow chart In steps 910 and 912 of the |l eft branch, drlve
808 the means for directing the library to move a third medium to the prestage

slot operates before the means for directing the library to return the first medium
from the destage slot; and

the means for directing the library to return the first medium includes means,
provided on the computer-readable medium, for directing the library to move the
first medium from the destage slot to the siot previously occupied by the third

medium.

17.  The computer program product as recited in claim 10 further
comprising means, provided on the computer-readable medium, for directing the
library to repeat the operation of the picker and the drive as long as there are still

requests to access the data media of the library.
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,I'oads and accesses the second nedium respectively. If a third nmediumis to
be accessed by drive 808 after the second nedium as determned in step
914, the above described steps are repeated starting with step 902. The
second and third medium of the current cycle becone the first and second
medi a, respectively. 14
Also, in parallel with the drive operations in steps.910, 912, and 902, the
pi cker 810 retrieves the first mediumggrrently in the destage slot 814 and
puts it into the free slot previously occupied by the second nedi um (now in
drive 808), as shown by step 920 of the right branch of the flow chart.

Finally, in ste 922, the |ck r810 ositions.itself next to drive 808. At
this point, t hé desAugaagtgr @rw Sgﬁ'f@"bﬁ?’{}pﬂsmg

a plurality of removable data media;
—'a plurality of storage slots each holding a medium;

at least one storage drive for reading data from and writing data to the data
media;

a picker for moving the media between the slots and the drive; and

a destage slot for holding a first medium, the first medium being one that
waé last accessed by the drive while the picker was moving a second medium from
one of the slots to the drive, the second medium being the medium that will be
accessed next by the drive, and the first medium being returned to the storage slot
originally holding the first medium duridg operation of the drive on the second

medium.

-

19.  The system as recited in claim 18, wherein the media storage slot that

is physically closest to the drive is'used as the destage slot.

20. The system as recited in claim 18, further comprising a prestage slot
for temporarily holding the second medium before the second medium is moved by
the picker to the drive for media operations, and for temporarily holding a third
medium during media operations on the second medium, the third medium being

the medium that will be accessed next by the drive, after the second medium.

\
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.enpty slot in the library. A third preferred enbodi nent of the
invention is illustrated in FIG 10 in which the storage Iibrary 1000

i ncludes a prestage slot 1016 in addition to a destage slot 1014.
Preferably, both the destage slot 1014 and prestage slot 1016 are as cl ose
to drive 1008 as possible to mnimze the pickers travel tine. As an
exanple, in the storage library of FIG 240, the slots S1 and S2 of rack
1002, which are the first and second physically closest slots to drive
1008, are designated as the destage slot 1014 and prestage slot 1016,
respectively. In this configuration, where each mediumis assigned a

per manent honme slot, the capacity of the storage rack 1002 is reduced by
two slots. Alt&lnatilng %stern@Sarsgﬁth relaims 2Grwiaerein tesmedia glorggersiotd
close to the drive 1008 and designated as the destage and prestage slots to
avoi d r edthatrayetphystoally thefiest ahgl second closést tothe drive es aged lasithaidestigd™ G
5, the destage-slot 1014 provides a place for quickly off-loading a

previ ousl g]mmg%rgggbgrgdtt@ Ebﬂ'v@l medi um) and for tenporarily- hol ding
the first nmedium while the pICE 10 goes to retrieve a second nedi um
and delivers the second nmediumto drlve 1008. These operations are the sane
as those perforned in tine periods t3 and t4 for the prior art nethod of
FIG 4. The pr tage slot 1016, however, is used for holding a third

medi um  whi ch bEN S¥eteaas fesited i plgim 18, wherin the picker Bontinuesstosos,
while drive 1008 Ioads accesses, and eventually unl oads the second medi um
In FIG 100uebe data media between the storage slots and the drive, using the destage

and prestage slots, as long as there are still pending requests to access the data

media.
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pr”eétage slot 1016 is shown as holding the nediumfromslot S4 which will
"next be accessed by drive 1008. The slot S7 is enpty because its nmediumis
bei ng accessed by drive 1008. Since the prestage slot 1016 is | ocated near

the drive 15 1008, the
pi cker 1010 will need to travel a relatively short distance to nove the
third mediumto the drive, thus reducingpg he drive idle tine. -FIG 11

is a flow chart showing the main steps perfornmed by the library of FIG 10,
when it s erQAE‘ésS'EDRéﬁ% EBRARY WIE MEDIA BESTAGING AND: PRESTAGING FOR
library. Starting with step 1102, drive 1008 unl oads any nedi um (desi gnated
as t he IMPROVED RESPONSE TIME

ABSTRACT

A method for improving the response time of a data storage library of removable

media is disclosed. The library (500) includes a media storage rack (502) with multiple

slots (504) for storing data media, a storage drive (508) for writing data to or reading

data from one of the media (506), a picker (510) for moving the media (506) between the

slots (504) and the drive (508), and a destage slot (514) physically close to the drive

(508). The method comprises the steps of: moving a first medium from the drive (508)

to the destage slot (514), moving a second medium from a slot holding the second

medium to the drive (508), the second medium being the medium that will be accessed

next by the drive (508); during the operation of the drive (508) on the second medium,

returning the first medigm from the destage slot (514) to the slot originally holding the

first medium; and positioning the picker (510) close to the drive (508).

Figs. 5, 6




sfi st medium) currently in the drive. In step 1104, the picker 1010 noves
the first mediumto the destage slot 1014. Since the destage slot 1014 is
preferablythe slot in rack 1002 that is closest to drive 1008, the picker
1010 only has to travel the shortest possible distance. In steps 1106 and
1108, the picker 1010 travels to one of the slots in rack 1002 to pick up
anot her nedium which is to be accessed next by drive 1008 and desi gnhat ed
as the second medium and delivers the ¥bktond mediumto the drive,
respectively. The left and right branches of the flow chart, follow ng
step 1108, represent concurrent operations of drive 1008 and picker 1010,
respectively. In steps 1110 and 1112, drive 1008 | oads and accesses the
second nmedi um respectively. If a third mediumis to be accessed follow ng
the second medium &s determined in step 1 114, then once access of the
second nmediumis conpl eted; the drive 1008 unl oads the second nmedi umin
step 1102. The nEthzd steps are repeated starting with step 1104, with the
second and third nedia of the |last cycle beconming the first and second

medi a, respectively,” 1T the e ycle. In g drive
operations in steps 1140, 1112 nd 1102, t gntinues with
its operations, Eﬁﬂ] gHﬂﬂEE}E%EZU t'hf ough hjbranch. 1n
step 1120, the p 5 | he dest mtlo its hone
slot in rack 100ZTT1 There s o of her access—wett+tg—+ra—tHe|library
request queue, then the picker 1010} positions its§|f next to.qrive 1008 in
step 1128. If th FS— ceps request_in - —
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't he queue, then the picker 1010 travels to one of the rack slots to pick up
a third nmedium which will be accessed next by drive 1008, as shown by step
1124. The picker 1010 delivers the third mediumto the prestage slot 1016

in step 1126, and 16
positions itself next to drive 1008 in step 1128. Another iteration of the
met hod steps is then perforned, startillat step 1104. FIG 12 is a

time line showing the activities of the library 1000 in handling a request
fromthe host systemto access one of the library nedia. The |ibrary
response tine is the sumof the tinme t2 for the picker 1010 to _nove any
medi um currently in drive 1008 to the destage slot 1014 (generally snal

because of the

108
Slot §9 :
Slot 58
Slot S7
Slot S6
Slot §56
Slot $4
Slot §3
Slot §2
Slot S1

—~— 204
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sproximty of the drive 1008 to the destage slot 1014), tinme t3 for the

pi cker 1010 to nove to the prestage slot 1016 to pick up the second nedi um
time t4 for the picker 1010 to deliver the second nediumto drive 1008,
time t5 for drive 1008 to |oad the second nedium tine t6 for the drive to
access the second nedium and tine t1 for the drive to unload the second
medi um Note that the picker 1010 returdbl t he destaged first nedi um
retrieves the third nedium and positions next to the drive during tine
periods t7, t8, t9 and t10 in parallel with the |oading, accessing, and

unl oadi ng by drive 1008 during the tine t6, and t1l. Thus, the tine
periods t7, t8, t9, and t10 do not adg’to the total response tine of the
library. Unlike the prior art 4, the picker 1010 is
not idle while drive 1008 is busy (ting and t1), and drive 1008 is
not subsequently idle while it waits for the plcker 1010 to return the

- Rather, the method of
the present invention allows both|t Brivis Umbél@@&] d

t he picker 1010 to
i[ette-tire W Il be | ost

performtheir respective30fkks concpn I ,
while drive 1008 waits for the thijrd ne é§¥ ﬁiTD ext itergtlon of the
nmet hod steps since the third nedi wm-has b ¥ brouqht tld the prestage slot,
close to the drive. This task was perfornmedf by the picker wh|le the drive
was busy with the second nmedi um aj : to thelresponse tine.
Also, little time was |ost when -the piRigker refttimigaded the fifst nmedium
since it did not have to3082 ng Th| umetidetitedaipn 1s.0ri gipal slot, but
only to the nearby destage slot. later % its slot 12
y
Picker travels to
3047 slot of new i3
medium
H
y
__| Pickerdelivers
306 newmediumto |4
drive
' -
308~ Drive loads
medium 15
——— Drive accesses
310 .
medium 16
312 Access Yos
another
medium

?
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.the picker 1010 can resunme the task of returning the first mediumto its
original slot, while the drive 1008 perfornms nedi a operations on the second
medium The proximty of the destage and prestage slots to the drive 1008
and to each ot her, 17
together with the concurrent operationaan the drive 1008 and the picker
1010, significantly shorten the overall response tine of the library
system In the third preferred enbodi mrent of the invention described
above, the capacity of the library of FIG 10 is reduced by tw nedia
because their slots are used as the destage and prestage slots. That

enbodi nent allows sinplicity of |ibrary managenent by assigning a fixed
per manent honme slot for each nediumin

PICKER PICKER
DRIVE RETURNS PICKER DELIVERS DRIVE DRIVE
UNLOADS MEDIATO  MOVESTO NEWMEDIA  LOADS ACCESSES

I'OLD MEDIA ) OLb SLor . NEW SLOT | TO DRIVE | NEW MEDIA_l DATA

1 12 13 t4 15 16 tl
NEXT

CYCLE

Slot §9 —— 504
Slot S8
Slot §7
Slot S6
Slot S5
Slot S4
Slot S3
Slot 52

Destage Slot

) T~ 510

- 506 — 512

[—F— 508

—— 514

B0

FIG. &



,he tibrary. In a fourth preferred enbodi nent of the invention, the library
capacity will not be reduced for the destagi ng and prestagi ng purposes, yet
reduction in response tine deriving fromprestage and rapi d destage can
still be achieved. I n accordance with the invention, the prestaging
of the third nediumw Il be done first, then the finished nedium (the first
medium wll be noved fromthe destage slot to wherever an enpty slot,

which is freed up by the prestaging of §pe third medium happens to be.
Thus, each mediumw Il not have a fixed hone slot to always return to. The
I|brary systemin which such a nethod is used woul.d be the sane as the one
shown in FIG 2, with slot Sl being permanently assigned as the destage
slot and slot S2 being permanently assigned as the prestage slot. Such a
library systemis shown in FIG 13. The prestage sl ot 1316 hol ds the nedi um
that will be accessed next by driveri3gg —whtt+e-the—gestage slot 1314 holds
the | ast accessed nedi um 2gﬂt é@ﬁﬁéﬂMFﬁ%ﬁl$B fhe slot previously

ly in

occupi ed by the medi um cur t hngslidat tythe | oftFro—tz 5o 1
chart representing the operation of{ t hi desfagenslobf de¢spagi ng and prestadi ng
the nedia.. Starting at step 1402, TTje drive 8 unl oads any nedi um
currently in the drive (the first diuni I steD 1404, the picker 131(
noves the unloaded first medium to It h@islesigras gt 1314. In steps 1406 jand
1408, the picker 1310 goes606 The presgﬁﬁggﬁmggu5316 to pick up the new
(second) medium which is to be acdesgsSon@theliiyfl | V¢, 1308, and delivers
the new mediumto the drive, 13.
Y
Picker delivers
608 — 1 second medium
fo drive t4
i Drive loads the | Pickerretums
610" second medium 620 destaged medium
‘ 1o its slot
15 s
4 .
——_J Drive accesses the ____| Picker positions
612 second medium 622 itself next to
drive
614 : 1o
End :
Drive unloads :
Start medium f
currently in drive 1 :
/ L v

602 FIG. 6



Jespectively. The second nedi um has been prestaged in slot 1316 during the
previous cycle of the nethod steps. The drive 1308 and picker 1310 then
operate concurrently, as shown by the two branches foll owi ng step 1408.

18 In steps 1410 and 1412 of the left branch, drive 1308 | oads and
accesses the second nedium respectively. If athird nmediumis to be
accessed after the second nedium as determned by the library in step 1420
based on the request queue, then the nmethod steps are repeated starting
with step 1402 in whigch drive 1308 unl oads e medi um currently in the

drive. The second anJ'thirgﬂnedia in the )
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.current cycle becone, respectively, the first and second nedia in the new
cycle. In parallel with the drive operations of steps 1410, 1412,
and 1402, the picker 1310 continues with its operations in steps 1420
through 1428. If a third mediumis needed after the second nedium as
determ ned by step 1420, the picker 1308 travels to the slot holding this
third mediumin step 1422, and noves it to the prestage slot 1316, in step
1424. Next, in step 1426, the picker 1310 #trieves the first nedi um
currently in the destage slot 1314 and puts it into the free sl ot

previ ously occupied by the third nmedium Finally, the picker 1310 positions
itself next to the drive 1308 to be-ready for destagi ng the second nedi um
whi ch becones the first medium in_thej npgkerimi@iatitson [of the net hod steps.
At this point, the destage sl o0?04314 7k trhediom f tREPt yestot—in-the library.

Based on the foregoing specification, {hedsasigstdsn x be-i mpl enent ed
usi ng conputer programmi ng or engi nheering technigques %Iuding conput er
software, firmmare, hardware or any comhinatien or subconbi nation thereof.
Any such resulting program having_conpuPiekergeasébbe code nmeans, may be
enbodi ed or provided within ord%r norle cohwpiek-upeadabl e nedi a, thereby
maki ng a conputer program product, i.q.,seaondntedilim of granuf acture,
according to the invention. The conputer readable med 5 may be, for
instance, a fixed (hard) drive, diskette, opt¥cal djsk, nagnetic tape,
sem conductor nenory such as read-only ndiakeydgliREN), etc., or any
transmtting/receiving nmedi unPe88ch ast lsecomd memiimor
fo diive 14
/ /320
: Drive loads the Picker refums
910 7 second medium destaged medium to
5 : slot previously occupied
' 4 by second medium
919 —— Drive accesses the _ . 7
, second medium | Picker posifions
16 922 itself next fo
l drive
14 - : 10
Access :
another :
medium :
2 s
Yes f
Y :
Drive unioads :
medium :
currently in drive 1 ;
/ | :
I_.f Y
Q02
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.other communication network or link. The article of manufacture contai ning
the conputer code may be made and/or used by executing the code directly
from one nmedium by copying the code from one nediumto another nmedium or
by transmtting the code over a network.

19 An apparatus for making, usj g, or selling the invention may be
one or nobre processing systens includi%@, but not limted to, a central
processing unit (CPU), nenory, storage devices, comunication |inks and
devi ces, servers, 1/0O devices, or any sub-conmponents of one or nore
processi ng systens, including software,
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Jfirmvare, hardware or any conbination or subset thereof, which enbody the

I nvention as set forth in the clains. User input may be received
fromthe keyboard, nouse, pen, voice, touch screen, or any other neans by
whi ch a human can input data to a conputer, including through other
prograns such as application prograns. One skilled in the art of
conputer science wll easily be able to conbithe the software created as
described with appropriate general purpose or special purpose conputer
hardware to create a conputer system or conputer subsystem enbodying the
met had of the invention. Whi | e_several preferred enbodi nents of the
i nvention have been described, it shoul didrer gRRA%eRE that nodifications and
adaptations to those enbodi nbmé”ﬁ?roccmedimaggls killed in the art

w t hout departing fromthe scope and the g@y@bé Rt th ipresent I nvention as
set forth in the followng clains. -

1106 ——— Picker goes to
prestage slot to pick
up second medium |3

2

Picker delivers
1108 —1 second medium

fo diive 14
1170 ——] Drive loads the | Pickerretuns
110 second medium 1120 desfoged medium |17
15 1o ifs slot

Yy

1112— Drive accesses the 1122
second medium
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16 another
l medium
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Drive unloads -
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4ovi ng a second nedium fromthe prestage slot to the drive, the second
medi um bei ng the nediumthat wll be accessed next by the drive after the -
first medi um and during operation of the drive on the second
medi um returning the first nedium fromthe destage slot to the slot
originally holding the first nedium the returning step I ncl udes noving a
third nmediumfroma respective storage slgf,to the prestage slot, the
third nmedium being the nediumthat will be accessed next by the drive,
after the second nmedium 2. The method as recited in claim1, further
conprising the step of positioning the pi cker cl.ose to the drive after
the picker returns the first nedium as recited in claim1,
roves first

- H ' e
wher ei n. the method is oper abjge esﬁensﬁg‘é&um to the
destage slot 12

|  Picker goes to
1406 prestage slot fo pick
up second medium (13

4

' : Picker delivers
1408 —1 second medium

to drive t4

e Drive loads the '
1410 - second medium 5 1420
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a regeest for access to the second medi um 4. The nethod as recited in
clatm 1, wherein during the step of returning the first nedrut’ ¥ #Re first
mediumis returned to the storage slot previously occupied by the second
medi um 5. The nethod as recited in Iainll, wherein the nedia storage
slots tat are physically the first an& second closest to the drive are
used as the destage slot and the prestage slot, respectively.

DATA STORAGE LIBRARY WITH MEDIA DESTAGING AND PRESTAGING
FOR IMPROVED RESPONSE TIME

ABSTRACT

A method for improving the response time of a data storage library of removable
media is disclosed. The library (500) includes a media storage rack (502) with multiple
slots (504) for storing data media, a storage drive (508) for writing data to or reading
data from one of the media (506), a picker (510) for moving the media (506) between
the slots (504) and the drive (508), and a destage slot (514) physically close to the drive
(508). The method comprises the steps of: moving a first medium from the drive (508)
to the destage slot (514), moving a second medium from a slot holding the second
medium to the drive (508), the second medium being the medium that will be accessed
next by the drive (508); during the oper:ation of the drive (508) on the second rﬁedium,
returning the first medium from the destage slot (514) to the slot originally holding the
first medium; and positioning the picker (510) close to the drive (508).
Fig. 6
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taging operaty %ns rhus degrading the performance of the whole computer
system.

Therefore, there remains a need for 2 simple method for destaging and
prestaging the library media that allows concurrent operation of the picker and the
drive, and does not require a complex library management system, reduce the storage
capacity of the library due to the duplication of data, or impose a performance penalty
on the host computer because of storage device management tasks.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages
of the prior art.

According to one aspect of the present invention there is provided the first
amendment incorporated a method for destaging and prestaging media in a storage
library having a plurality of removable data media, a plurality of storage slots for
holding the media, at least one storage drive for reading data from and writing data to
the media, a destage slot, the destage slot being a storage slot physically closest to the
drive, a prestage slot, and a picker for moving the media among the slots and the
drive, the method comprising the steps of: moving a first medium from the drive to
the destage slot, the first medium being the medium that was last accessed by the
drive; moving a second medium from the prestage slot to the drive, the second
medium being the medium that will be accessed next buy the drive after the first
medium; and during operation of the drive on the second medium, returning the first
medium from the destage slot to one of said plurality of storage slots, the returning
step includes moving a third medium from a respective storage slot to the prestage
slot, the third medium being the medium that will be accessed next by the drive, after
the second medium,

According to another aspect of the present invention there is provided a
computer program product for use with a storage library for destaging and prestaging
media in the library, the library having a plurality of removable data media, a
plurality of storage slots for holding the media, at least one storage drive for reading
data from and writing data to the media, a destage slot, the destage slot being a
storage slot physically closest to the drive, a prestage slot, and a picker for moving
the media among the slots and the drive, the computer program product comprising: a
computer-readable medium; means, provided on the computer-readable medium, for
directing the library to move a first medium from the drive to the destage slot, the
first medium being the medium that was last accessed by the drive; means, provided
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compute-oendabile Med i fof directing the library to return the first medium from
the destage slot to one of said plurality of storage slots, during operation of the drive
on the second medium, the means for directing to return includes means for directing
the library to move a third medium from a respective storage slot to the prestage slot,
the third medium being the medium that will be accessed next by the drive, after the
second medium.

According to still another aspect of the present invention there is provided a data
storage library system comprising: a plurality of removable data media; a plurality of
storage slots for holding the media; at least one storage drive for reading data from
and writing data to the media; a prestage slot for holding a medium to be accessed
next by the drive; the destage slot, the destage slot being a storage slot physically
closest to the drive; and a picker for moving the media among the slots and the drive,
the destage slot holding a first medium while the picker is moving a second medium
from the prestage slot to the drive and moving a third medium from a respective
storage slot to the prestage slot, the first medium being one that was last accessed by
the drive, the second medijum being the medium that will be accessed next by the
drive and the first medium, and the third medium being one that will be accessed next
by the drive after the second medium;

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a host computer system attached to multiple data
storage library systems.

FIG. 2 is a block diagram of a prior art library system having a fixed storage
rack with multiple slots, multiple removable data media, a fixed drive, and a picker
for moving the media between the storage slots and the drive. -

FIG. 3 is a flow chart representing the operation of library system of FIG. 2, in
servicing requests from the host computer to access the data media of the library
system, )

FIG. 4 is 2 time line showing the chitonology of activities of the storage library
of FIG. 2, in servicing a host request for accessing the data media, according to the
prior art method of FIG, 3. .
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the nediumthat, wll be accessed next by the drive after the first medi um
and - ans,” provi ded on jthe conputer-readabl e nedium for directing
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CLAIMS
1. A method for destaging and prestaging media in a storage library having a

plurality of removable data media, a plurality of storage slots for holding the media,
at least one storage drive for reading data from and writing data to the medis, a
destage slot, the destage slot being a storage slot physically closest to the drive, a
prestage slot, and a picker for moving the media among the slots and the drive, the
method comprising the steps of:

moving a first medium from the drive to the destage slot, the first medium being
the medjum that was last accessed by the drive;

moving a second medium from the prestage slot to the drive, the second
medium being the medium that will be accessed next by the drive after the first
medjum; and

during operation of the drive on the second medium, returning the first medium
from the destage slot to the siot originally holding the first medium, the returning step
includes moving 4 third medium from a respective storage slot to the prestage slot, the
third medium being the medium that will be accessed next by the drive, after the
second medium,
2.  The method as recited in claim 1, further comprising the step of positioning the
picker close to the drive after the picker returns the first medium.
3. The method as recited in claim 1, wherein the method is operable responsive to
a request for access to the second medium.
4. The method as recited in claim 1, wherein during the step of returning the first
medium, the first medium is returned to the storage slot previously occupied by the
second medium,
3. The method as recited in claim 1, wherein the media storage slots that are
physically the first and second closest to the drive are used as the destage slot and the

AR

prestage slot, respectively,



22 9. The I, progragn product as recited in claim8 further

conpri si ng negngk Bvitded..on t he conput er-readabl e nmedium for directing
the library t osition the pitker close to the drive. 10. The conputer
program produdt jasp getAM 4eRd¥ niclaim 8, wherein the neans for directing the
library to retlurin the first nmediumincl udes neans, provided on the
conput er - r eadabl e=nedi"im tTor directing the library to return the first
mediumto the § storage slat pne.ﬂi ously ggcupied by the second medium =~ 11.
The conputer program product as recited in claim8, wherein the nedia
storage slots that are physically the first and second closest to the
drive are u$ed ThemzthoddsIteirpd it tlaim & whérkia: pr est age sl ot, respectively.

12. The conputer program product as recited in claim8, wherein: t he
means for directiensgept bbmbving ar thirtl ansdiune ten thelpresiageestiotLispesdorinfed Hferstthge sl ot
operates before the nmeans for directing the library to return the first

medi um f r omstepef retusningythe firsttmediumi from the tlestagesimsaidor directing the library
to return the first mediumincludes neans, provided on the

conput er - r eadabthe stepliofirretutning dhe Sizsti megdinmeintindesathe step ob movingethei first

medi um from t he desta%he slot to the slot previously occupied by the third
medi um - medium from the destage slot to the storage slot previously occupied by the third -

medium.
7. The method as recited in claim 1, wherein the method steps are repeated as long
as there are still requests to access the data media of the storage library.
8. A computer program product for use with a storage library for destaging and
prestaging media in the library, the library having a plurality of removable data
media, a plurality of storage slots for holding the media, at least one storage drive for
reading data from and writing data to the media, a destage slot, the destage slot being
a storage slot physically closest to the drive, a prestage slot, and a picker for moving
the media among the slots and the drive, the computer prograﬁx ﬁroduct comprising:

a computer-readable medium;

means, provided on the computer-readable medium, for directing the library to
move a first medium from the drive to the destage slot, the first medium being the
medium that was last accessed by the drive;

means, provided on the computer-readable medium, for directing the library to
move a second medium from the prestage slot to the drive, the second medium being
the medium that will be accessed next by the drive after the first medium; and

means, provided on the computer-readable medium, for directing the library to
return the first medium from the destage slot to one of said plurality of storage slots,
during operation of the drive on the second medium, the means for directing to return
includes means for directing the library to move a third medium from a 'respective

storage siot to the prestage slot, the third medium being the medium that will be

A A

accessed next by the drive, after the second medium.



13. The comput programproduct as recited in claim8 further conprising

means, provi deg lepmgﬁ@gﬂ@imgf'— eadabl e nedium for directing the library
to repeat the ()p(ﬁﬂﬁH-@ﬁ—-@L-Ll‘ie! pi cker and the drive as long as there are
still requestsjtd access the datla nedia of the library. 14. A data storage
i brary system con%' ' a plurality of renovabl e data nedi a; a
plurality of sf§oilgge slots forf Holding the nedia; at | east one storage
drive for reading data fromandijwiting glata to the nedi a; a prestage
sl ot for hol di hg—a—redium.ta he laccessed next by the drive; t he

destage slot, the destage slot being a storage slot physically closest to
the drive; afld The computer program product as recited in claim 8 further comprising means,

provided on the computer-readable medium, for directing the library to position the
picker close to the drive.
10. The computer program product as recited in claim 8, wherein the means for
directing the library to return the first medium includes means, provided on the
computer-readable medium, for directing the library to retugn the-first medium to the
storage slot previously occupied by the second medium.
11.  The computer program product as recited in claim 8, wherein the media storage
slots that are physically the first and second closest to the drive are used as the
destage sict and the prestage slot, respectively.
12. The computer program product as recited in claim 8, wherein:

the means for directing the library to move a third medium to the prestage slot
opeiates before the means for directing the library to return the first medium from the
destage siot; and

the means for directing the library to return the first medium includes means,

provided on the computer-readable medium, for directing the library to move the first
medium from the destage slot to the slot previously occupied by the third medium.
13.  The computer program product as recited in claim 8 further comprising means,
provided on the computer-readable medium, for directing the library to repeat the
operation of the picker and the drive as long as there are still requests to access the
data media of the library.
14. A data storage library systeni comprising:

a plurality of removable data media;

a plurality of storage slots for holding the media;

at least one storage drive for reading data from and writing data to the ‘media;

a prestage slot for holding a medium to be accessed next by the drive:
the destage slot, the destage slot heing a storage slot physically closest to the
drtve; and A O A



23 a picker for noving the nedia anong the slots and the drive, the
destage slot holding a first nediumwhile the picker is noving a second
medi um from the prestage slot to the drive and noving a third nediumfroma
respective s'omg%% o ﬁge prestage slot, the first nedi um being one
that was | as e idrive, the second nedi um being the nmedi um
that will beja¢cessed next Ly {the drive and the first nmedium and the third
medi um bei ng{ ohe 2thdANMIsy He Jaccessed next by the drive after the second
medi um 15. The system as rdgcijted in claim14, wherein the nmedia storage
slots that afe physicartTy the{first and second closest to the drive are’
used as the Hesiage slot and the prest@Je slot, respectively. 16. The
systemas recited in claim 14, wherein the picker continues to nove the

data nedi a betwee e.slots and the drive, using the destage and
prestage sl ot s%a@c*%ﬁ%’?égﬁ?%eq’é% apeng mﬁéfﬂﬂ# Al theqirisey the destage alos t he

data medi a. hojding a first medium while the picker is moving a second medium from the prestage

slot to the drive and moving a third medium from a respective storage slot to the
prestage slot, the first medium being one that was last accessed by the drive, the
second medium being the medium that will be accessed next by the drive and the first
medium, and the third medium being one that will be accessed next by the drive after
the second medium.

15. The system as recited in claim 14, whérein the media storage slots that are
physically the first and second closest to the drive are used as the destage slot and the
prestage slot, respectively.

16. The system as recited in claim 14, wherein the picker continues to move the
data media between the storage slots and the dri.ve, using the destage and prestage:

slots, as long as there are still pending requests to access the data media.
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DATA STORAGE LIBRARY WITH MEDIA DESTAGING AND PRESTAGING -
FOR IMPROVED RESPONSE TIME .

ABSTRACT

A method for improving the response time of a data storage library of removable
media is disclosed. The library (500) includes a media storage rack (502) with multiple
slots (504) for storing data media, a storage drive (508) for writing data to or reading
data from one of the media (506), a picker (510) for moving the media (506) between
the slots (504) and the drive (508), and a destage siot (514) physically close to the drive
(508). The method comprises the steps of: moving a first medium from the drive (508)
. to the destage slot (514), moving a second medium from a Sllot holding the second
medium to the drive (508), the second medium being the medium that will be accesged
nt';xt by the drive (508): during the operation of the drive (508) on the second medium,
re'turning the first medium from the destage slot (5-14) to the slot originally holding the
first medium; and positioning the picker (510) close to the drive (508).
Pig. 6
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