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UTILIZING REMOVABLE VIRTUAL 
VOLUMES FOR SHARING DATA ON 

STORAGE AREA NETWORK 

CROSS REFERENCE 

This application is a Continuation of US. Ser. No. 12/070, 
443, ?led Feb. 19, 2008, now US. Pat. No. 8,099,497, issued 
J an. 17, 2012, and entitled, “Utilizing Removable Virtual 
Volumes for Sharing Data on a Storage Area Network,” the 
entire disclosure of which is incorporated herein by reference 
in its entirety. 

FIELD OF THE INVENTION 

This invention relates generally to storage area networks 
(SAN), and particularly to SAN volumes. 

BACKGROUND OF THE INVENTION 

A storage area network (SAN) is an architecture for attach 
ing remote computer storage devices (e.g. disk arrays, tape 
libraries, and optical jukeboxes) to servers in such a way as to 
appear to clients that the devices are locally attached. Storage 
devices are presented to clients by SANs as virtual volumes. 
Many organizations utilize SANs to connect storage devices 
such as RAIDs (redundant array of independent disks) to 
servers. Many SAN utilize the SCSI (small computer system 
interface) protocol for communication between servers and 
storage devices. 
A shared disk ?le system, or cluster ?le system, is an 

enterprise storage ?le system which can be shared (concur 
rently accessed for reading and writing) by multiple clients.A 
shared disk ?le system is typically utilized to share one or 
more virtual volumes of a SAN between multiple clients. 

Removable media refers to storage media which can be 
removed from its reader device. Examples of removable 
media include ?oppy disks, CDs (including rewritable CDs), 
DVDs (including rewritable DVDs), tape cartridges, USB 
(universal serial bus) drives, removable hard drives, and 
memory cards. 

SUMMARY OF THE INVENTION 

Accordingly, the present disclosure provides data sharing 
through virtual removable volumes: A virtual volume of a 
SAN may be presented to clients as a virtual removable vol 
ume. A controlling application may control access of clients 
connected to the SAN to the virtual removable volume. The 
controlling application may only allow one client at a time to 
access the virtual removable volume. The controlling appli 
cation may allow a ?rst client to mount the virtual removable 
volume as a removable volume and utilize the virtual remov 
able volume. The controlling application may then cause the 
?rst client to unmount the virtual removable volume and 
allow a second client to mount the virtual removable volume 
as a removable volume and utilize the virtual removable vol 
ume. In this way, the ?rst client and second client may share 
data via the virtual removable volume without causing cor 
ruption of data and without requiring a shared ?le system or 
physical transfer of removable media. 

The controlling application may comprise a distributed 
application executing on a number of clients and the distrib 
uted application executing on each of the clients may com 
municate with the distributed application executing on the 
other clients. If the controlling application comprises a dis 
tributed application, the controlling application may cause 
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2 
the clients to mount or unmount the virtual removable volume 
utilizing IOCTL (input/output control). Alternatively, the 
controlling application may comprise a centralized applica 
tion executing on a centralized application server and may 
communicate with the number of clients. If the controlling 
application comprises a centralized application, the control 
ling application may cause the clients to mount or unmount 
the virtual removable volume utilizing the load eject (loej) bit 
in a START STOP UNIT SCSI (small computer system inter 
face) command. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory only and are not restrictive of the inven 
tion as claimed. The accompanying drawings, which are 
incorporated in and constitute a part of the speci?cation, 
illustrate an embodiment of the invention and together with 
the general description, serve to explain the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The numerous advantages of the present invention may be 
better understood by those skilled in the art by reference to the 
accompanying ?gures in which: 

FIG. 1 is a ?owchart 100 illustrating sharing of data via a 
virtual removable volume, in accordance with an exemplary 
embodiment of the present invention; 

FIG. 2 is a block diagram illustrating a system for sharing 
of data via a virtual removable volume, in accordance with an 
exemplary embodiment of the present invention; 

FIG. 3 is a block diagram illustrating a system for sharing 
of data via a virtual removable volume, in accordance with an 
alternative embodiment of the present invention; and 

FIG. 4 is a ?ow chart of a method for sharing of data via a 
virtual removable volume, in accordance with an exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the presently 
preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. 
SANs (storage area network) typically present access to a 

virtual volume for reading and writing to a single client. This 
is due to the fact that if multiple SAN clients were to attempt 
concurrent access to the same virtual volume, data may rap 
idly become corrupt. Absent mechanisms to prevent two or 
more clients from performing a modi?cation of the same part 
of the ?le system of the virtual volume at the same time, 
corruption of data may occur. Conventional ?le locking can 
protect ?les against concurrent access, but offers no protec 
tion of the ?le system itself. 

Typically, when a virtual volume of a SAN needs to be 
utilized by two or more clients, a shared disk ?le system, or 
cluster ?le system, must be utilized. A shared ?le system 
provides currency control for the ?le system of the virtual 
volume. Each client accessing the shared ?le system is pro 
vided with a consistent and serializable view of the ?le sys 
tem, thus avoiding corruption and unintended data loss. 
Shared ?le systems may distribute ?le system information 
across all the members in a cluster or may utilize a centralized 
?le system information server. However, a shared ?le system 
may be complex and expensive, particularly when clients do 
not access the virtual drive simultaneously. In such a case a 
shared ?le system is cumbersome because the clients may 
utilize the virtual drive one at a time. 
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Removable media (including, but not limited to, ?oppy 
disks, CDs (including rewritable CDs), DVDs (including 
rewritable DVDs), tape cartridges, USB (universal serial bus) 
drives, removable hard drives, and memory cards) may be 
utilized to share data between computing devices which need 
non-simultaneous access to the data. However, to share the 
data the removable media must be mounted on a ?rst com 

puting device, utilized by the ?rst computing device, physi 
cally removed from the ?rst computing device, transferred to 
another computing device, and mounted on the second com 
puting device. This process of physical transfer is cumber 
some and requires manual intervention. Further, the remov 
able media is vulnerable during transfer and loss of sensitive 
data may result. 
A virtual volume of a SAN may be presented to clients as 

a virtual removable volume. A controlling application may 
control access of clients connected to the SAN to the virtual 
removable volume. The controlling application may only 
allow one client at a time to access the virtual removable 
volume. The controlling application may allow a ?rst client to 
mount the virtual removable volume as a removable volume 
and utilize the virtual removable volume. The controlling 
application may then cause the ?rst client to unmount the 
virtual removable volume and allow a second client to mount 
the virtual removable volume as a removable volume and 
utilize the virtual removable volume. When the ?rst client 
and/ or the second client receive an input/ output request for 
the virtual removable volume and the virtual removable vol 
ume is not mounted, the ?rst client and/or the second client 
may send a noti?cation to the originator of the input/output 
request that the virtual removable volume is unavailable. In 
this way, the ?rst client and second client may share data via 
the virtual removable volume without causing corruption of 
data and without requiring a shared ?le system or physical 
transfer of removable media. 

FIG. 1 is a ?owchart 100 illustrating sharing of data via a 
virtual removable volume, in accordance with an exemplary 
embodiment of the present invention. From a start 101, the 
controlling application determines 102 whether to mount the 
virtual removable volume on a ?rst computing device or a 
second computing device. The controlling application may 
determine to mount the virtual volume on the ?rst computing 
device or the second computing device based on one or more 
received requests for the virtual removable volume. The 
received requests for the virtual volume may originate from 
the ?rst computing device and/or the second computing 
device. Alternatively, the controlling application may deter 
mine to mount the virtual volume on the ?rst computing 
device or the second computing device based on a time sched 
ule detailing when the ?rst computing device is to have access 
to the removable virtual volume and/or when the second 
computing device is to have access to the removable virtual 
volume. Alternatively, the controlling application may deter 
mine to mount the virtual volume on the ?rst computing 
device or the second computing device based on a time limit 
where the ?rst computing device or the second computing 
device may be allowed to access the removable virtual vol 
ume for the duration of the time limit before the other com 
puting device is allowed to access the removable virtual vol 
ume. If the controlling application determines to mount the 
virtual removable drive on the ?rst computing device, the 
controlling application may determine 103 whether the vir 
tual removable drive is already mounted on the second com 
puting device. If the virtual removable drive is already 
mounted on the second computing device, the controlling 
application may send an eject command to the second com 
puting device 105 and the second computing device may 
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4 
unmount the virtual removable drive in response to receiving 
the eject command. The controlling application may then 
send a load command to the ?rst computing device 104 and 
the ?rst computing device may mount the virtual removable 
drive in response to receiving the load command. If the virtual 
removable drive is not already mounted on the second com 
puting device, the controlling application may send a load 
command to the ?rst computing device 104 and the ?rst 
computing device may mount the virtual removable drive in 
response to receiving the load command. The controlling 
application then determines 102 whether to mount the virtual 
removable volume on the ?rst computing device or the second 
computing device. 

Alternatively, if the controlling application determines to 
mount the virtual removable drive on the second computing 
device, the controlling application may determine 106 
whether the virtual removable drive is already mounted on the 
?rst computing device. If the virtual removable drive is 
already mounted on the ?rst computing device, the control 
ling application may send an eject command to the ?rst com 
puting device 108 and the ?rst computing device may 
unmount the virtual removable drive in response to receiving 
the eject command. The controlling application may then 
send a load command to the second computing device 107 
and the second computing device may mount the virtual 
removable drive in response to receiving the load command. 
If the virtual removable drive is not already mounted on the 
?rst computing device, the controlling application send a load 
command to the second computing device 107 and the second 
computing device may mount the virtual removable drive in 
response to receiving the load command. The controlling 
application then determines 102 whether to mount the virtual 
removable volume on the ?rst computing device or the second 
computing device. 

FIG. 2 illustrates a system 200 for sharing of data via a 
virtual removable volume, in accordance with an exemplary 
embodiment of the present invention. The system 200 
includes a SAN 201 with a virtual volume 204, a ?rst com 
puting device 202 communicably connected to the SAN 201, 
and a second computing device 203 communicably coupled 
to the SAN 201. In this embodiment the controlling applica 
tion may comprise a distributed application executing on the 
?rst computing device 202 and the second computing device 
203 and the distributed application executing on each of the 
?rst computing device 202 and the second computing device 
203 may communicate with the distributed application 
executing on the other computing device. The distributed 
application executing on each of the ?rst computing device 
202 and the second computing device 203 may communicate 
with the distributed application executing on the other com 
puting device via the SAN 201 and/or the ?rst computing 
device 202 and the second computing device 203 may be 
communicably connected and the distributed application 
executing on each of the ?rst computing device 202 and the 
second computing device 203 may communicate with the 
distributed application executing on the other computing 
device directly. A distributed application is an application 
made up of di stinct components executing in separate runtime 
environments connected via a network. When the controlling 
application comprises a distributed application executing on 
the ?rst computing device 202 and the second computing 
device 203, the load and eject commands the controlling 
application may send to the ?rst computing device 202 and 
the second computing device 203 may be implemented uti 
liZing IOCTL (input/output control). IOCTL may comprise 
part of a user-to-kemel interface of the ?rst computing device 
and/ or the second computing device. IOCTL may be typically 
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employed to allow userspace code to communicate with hard 
ware devices or kernel components. The controlling applica 
tion may comprise computer-executable instructions embod 
ied in a tangible media (including, but not limited to, a main 
memory, a cache memory, a hard drive, a ?ash memory, a 
?oppy disk, a CD, a DVD, and/or a memory card) of the ?rst 
computing device and/or the second computing device and 
the ?rst computing device and/ or the second computing 
device may execute the computer-executable instructions. 

FIG. 3 illustrates a system 300 for sharing of data via a 
virtual removable volume, in accordance with an alternative 
embodiment of the present invention. The system 300 
includes a SAN 301 with a virtual volume 304, a ?rst com 
puting device 302 communicably connected to the SAN 301, 
a second computing device 303 communicably coupled to the 
SAN 301, and a third computing device 305 communicably 
coupled to the SAN 301. In this embodiment the controlling 
application may comprise a centralized application executing 
on the third computing device 305 and may communicate 
with the ?rst computing device 302 and the second computing 
device 3 03. The centralized application executing on the third 
computing device 305 may communicate with the ?rst com 
puting device 302 and the second computing device 303 via 
the SAN 301 and/or the third computing device 305 may be 
communicably connected to the ?rst computing device 302 
and the second computing device 303 and the centralized 
application executing on the third computing device 305 may 
communicate with the ?rst computing device 302 and the 
second computing device 303 directly. When the controlling 
application comprises a centralized application executing on 
the third computing device 305, the load and eject commands 
the controlling application may send to the ?rst computing 
device 302 and the second computing device 303 may be 
implemented utilizing the load eject (loej) bit in a START 
STOP UNIT SCSI (small computer system interlace) com 
mand as speci?ed in SCSI-3 Block commands. The START 
STOP UNIT SCSI command is used to control the motor of a 
rotary device such as a SCSI disk drive and/or to load or eject 
removable media. The controlling application may comprise 
computer-executable instructions embodied in a tangible 
media (including, but not limited to, a main memory, a cache 
memory, a hard drive, a ?ash memory, a ?oppy disk, a CD, a 
DVD, and/ or a memory card) of the third computing device 
and the third computing may execute the computer-execut 
able instructions. 

Referring now to FIG. 4, a method 400 for sharing of data 
via a virtual removable volume, in accordance with an exem 
plary embodiment of the present invention, is illustrated. In 
step 401, determine to load a virtual volume of a storage area 
network (SAN) on a ?rst computing device. Determining to 
load the virtual volume of the SAN on the ?rst computing 
device may utilize a controlling application. The determina 
tion to load the virtual volume of the SAN on the ?rst com 
puting device may be based on one or more received requests 
for the virtual removable volume. The received requests for 
the virtual volume may originate from the ?rst computing 
device. Alternatively, the determination to load the virtual 
volume of the SAN on the ?rst computing device may be 
based on a time schedule detailing when the ?rst computing 
device is to have access to the removable virtual volume. 
Alternatively, the determination to load the virtual volume of 
the SAN on the ?rst computing device may be based on the 
expiration of a time limit. In step 402, send a ?rst load com 
mand to the ?rst computing device, Sending the ?rst load 
command to the ?rst computing device may utilize the con 
trolling application. Sending the ?rst load command to the 
?rst computing device may cause the ?rst computing device 
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6 
to mount the virtual volume in response to receiving the ?rst 
load command. The ?rst load command may be implemented 
utilizing IOCTL if the controlling application comprises a 
distributed application. The ?rst load command may be 
implemented utilizing the load eject (loej) bit in a START 
STOP UNIT SCSI command if the controlling application 
comprises a centralized application. In step 403, determine to 
load the virtual volume of a SAN on a second computing 
device. Determining to load the virtual volume of the SAN on 
the second computing device may utilize the controlling 
application. The determination to load the virtual volume of 
the SAN on the second computing device may be based on 
one or more received requests for the virtual removable vol 
ume. The received requests for the virtual volume may origi 
nate from the second computing device. Alternatively, the 
determination to load the virtual volume of the SAN on the 
second computing device may be based on a time schedule 
detailing when the second computing device is to have access 
to the removable virtual volume. Alternatively, the determi 
nation to load the virtual volume of the SAN on the second 
computing device may be based on a time limit where the ?rst 
computing device or the second computing device may be 
allowed to access the removable virtual volume for the dura 
tion of the time limit before the other computing device is 
allowed to access the removable virtual volume. In step 404, 
send an eject command to the ?rst computing device. Sending 
the eject command to the ?rst computing device may utilize 
the controlling application. Sending the eject command to the 
?rst computing device may cause the ?rst computing device 
to unmount the virtual volume in response to receiving the 
eject command. The eject command may be implemented 
utilizing IOCTL if the controlling application comprises a 
distributed application. The eject command may be imple 
mented utilizing the load eject (loej) bit in a START STOP 
UNIT SCSI command if the controlling application com 
prises a centralized application. In step 405, send a second 
load command to the second computing device. Sending the 
second load command to the second computing device may 
utilize the controlling application. Sending the second load 
command to the second computing device may cause the 
second computing device to mount the virtual volume in 
response to receiving the second load command. The second 
load command may be implemented utilizing IOCTL if the 
controlling application comprises a distributed application. 
The second load command may be implemented utilizing the 
load eject (loej) bit in a START STOP UNIT SCSI command 
if the controlling application comprises a centralized appli 
cation. 

Although the above has been illustrated and described in 
the context of two computing devices, it should be understood 
that the any number of computing devices may be utilized, 
such as three or twenty, without departing from the scope of 
the present disclosure. 
The present disclosure may present virtual volume of a 

SAN to clients as a virtual removable volume. The present 
disclosure may utilize a controlling application to control 
access of clients connected to the SAN to the virtual remov 
able volume. The controlling application may only allow one 
client at a time to access the virtual removable volume. The 
controlling application may allow a ?rst client to mount the 
virtual removable volume as a removable volume and utilize 
the virtual removable volume. The controlling application 
may then cause the ?rst client to unmount the virtual remov 
able volume and allow a second client to mount the virtual 
removable volume as a removable volume and utilize the 
virtual removable volume. In this way, the present disclosure 
allows the ?rst client and second client to share data via the 
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virtual removable volume without causing corruption of data 
and without requiring a shared ?le system or physical transfer 
of removable media. 

It is understood that the speci?c order or hierarchy of steps 
in the processes disclosed is an example of exemplary 
approaches. Based upon design preferences, it is understood 
that the speci?c order or hierarchy of steps in the processes 
may be rearranged while remaining within the scope of the 
present invention. The accompanying method claims present 
elements of the various steps in a sample order, and are not 
meant to be limited to the speci?c order or hierarchy pre 
sented. 

It is believed that the present invention and many of its 
attendant advantages will be understood by the foregoing 
description. It is also believed that it will be apparent that 
various changes may be made in the form, construction and 
arrangement of the components thereof without departing 
from the scope and spirit of the invention or without sacri?c 
ing all of its material advantages. The form herein before 
described being merely an explanatory embodiment thereof, 
it is the intention of the following claims to encompass and 
include such changes. 

What is claimed is: 
1. A method, comprising: 
determining to load a virtual volume of a storage network 

on a ?rst computing device communicably connected to 
the storage network utiliZing a controlling application; 

sending a ?rst load command to the ?rst computing device, 
causing the virtual volume to mount on the ?rst comput 
ing device, utiliZing the controlling application; 

determining to load the virtual volume on a second com 
puting device communicably connected to the storage 
network utiliZing the controlling application, wherein 
only one of the ?rst computing device and second com 
puting device mounts the virtual volume at any time; 

sending an eject command to the ?rst computing device, 
causing the virtual volume to unmount from the ?rst 
computing device, utiliZing the controlling application; 
and 

sending a second load command to the second computing 
device, causing the virtual volume to mount on the sec 
ond computing device, utiliZing the controlling applica 
tion, wherein the second load command is sent after the 
eject command is sent, further in which the ?rst com 
puting device and the second computing device share 
data by transferring the data from the ?rst computing 
device to the virtual volume so that the second comput 
ing device can access the data, the second computing 
device able read and write the data. 

2. The method of claim 1, wherein the controlling applica 
tion comprises: 

a central controlling application executing on a third com 
puting device communicatively coupled to the ?rst com 
puting device and the second computing device. 

3. The method of claim 2, wherein one selected from the 
?rst load command, the second load command, and the eject 
command comprise a SCSI (Small Computer System Inter 
face) command, and the SCSI command includes a load eject 
(loej) bit in an START STOP UNIT SCSI command. 

4. The method of claim 1, wherein the controlling applica 
tion comprises: 

a distributed controlling application comprising at least a 
?rst distinct component executing on the ?rst computing 
device and a second distinct component executing on the 
second computing device and wherein the ?rst comput 
ing device is communicably connected to the second 
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8 
computing device and the ?rst distinct component com 
municates with the second distinct component. 

5. The method of claim 4, wherein at least one selected 
from the ?rst load command, the second load command, and 
the eject command are implemented by IOCTL (Input/ Output 
Control). 

6. The method of claim 1, wherein sending the load com 
mand to the ?rst computing device causing the virtual volume 
to mount on the ?rst computing device utiliZing the control 
ling application comprises: 

sending the ?rst load command to a driver of the ?rst 
computing device, causing the driver of the ?rst com 
puting device to mount the virtual volume onto the ?rst 
computing device, utiliZing the controlling application. 

7. The method of claim 1, wherein sending the eject com 
mand to the ?rst computing device, causing the virtual vol 
ume to unmount from the ?rst computing device, utiliZing the 
controlling application, comprises: 

sending the eject command to a driver of the ?rst comput 
ing device, causing the driver of the ?rst computing 
device to unmount the virtual volume from the ?rst 
computing device, utiliZing the controlling application. 

8. The method of claim 1, wherein sending a second load 
command to the second computing device, causing the virtual 
volume to mount on the second computing device, utiliZing 
the controlling application, comprises: 

sending the second load command to a driver of the second 
computing device, causing the driver of the second com 
puting device to mount the virtual volume onto the sec 
ond computing device, utiliZing the controlling applica 
tion. 

9. The method of claim 1, wherein sending an eject com 
mand to the ?rst computing device causes the ?rst computing 
device, when the ?rst computing device receives an input/ 
output request for the virtual volume, to inform an originator 
of the input/output request that the virtual volume is unavail 
able. 

10. Computer-executable instructions, embodied in a non 
transitory tangible medium, for performing a method com 
prising: 

determining to load a virtual volume of a storage network 
on a ?rst computing device communicably connected to 
the storage network utiliZing a controlling application; 

sending a ?rst load command to the ?rst computing device, 
causing the virtual volume to mount on the ?rst comput 
ing device, utiliZing the controlling application; 

determining to load the virtual volume on a second com 
puting device communicably connected to the storage 
network utiliZing the controlling application, wherein 
only one of the ?rst computing device and second com 
puting device mounts the virtual volume at any time; 

sending an eject command to the ?rst computing device, 
causing the virtual volume to unmount from the ?rst 
computing device, utiliZing the controlling application; 
and 

sending a second load command to the second computing 
device, causing the virtual volume to mount on the sec 
ond computing device, utiliZing the controlling applica 
tion, wherein the second load command is sent after the 
eject command is sent, further in which the ?rst com 
puting device and the second computing device share 
data by transferring the data from the ?rst computing 
device to the virtual volume so that the second comput 
ing device can access the data the second computing 
device able read and write the data. 

11. The computer-executable instructions of claim 10, 
wherein the controlling application comprises: 



US 8,782,163 B2 

a distributed controlling application comprising at least a 
?rst distinct component executing on the ?rst computing 
device and a second distinct component executing on the 
second computing device and wherein the ?rst comput 
ing device is communicably connected to the second 
computing device and the ?rst distinct component com 
municates with the second distinct component. 

12. The computer-executable instructions of claim 11, 
wherein at least one selected from the ?rst load command, the 
second load command, and the eject command are imple 
mented by IOCTL (Input/ Output Control). 

13. The computer-executable instructions of claim 10, 
wherein the controlling application comprises: 

a central controlling application executing on a third com 
puting device communicatively coupled to the ?rst com 
puting device and the second computing device. 

14. The computer-executable instructions of claim 13, 
wherein at least one selected from the ?rst load command, the 
second load command, and the eject command comprise a 
SCSI (Small Computer System Interface) command, and the 
SCSI command includes a load eject (loej) bit in an START 
STOP UNIT SCSI command. 

15. The computer-executable instructions of claim 10, 
wherein sending a load command to the ?rst computing 
device, causing the virtual volume to mount on the ?rst com 
puting device, utiliZing the controlling application, com 
prises: 

sending the ?rst load command to a driver of the ?rst 
computing device, causing the driver of the ?rst com 
puting device to mount the virtual volume onto the ?rst 
computing device, utilizing the controlling application. 

16. The computer-executable instructions of claim 10, 
wherein sending an eject command to the ?rst computing 
device, causing the virtual volume to unmount from the ?rst 
computing device, utiliZing the controlling application, com 
prises: 

sending the eject command to a driver of the ?rst comput 
ing device, causing the driver of the ?rst computing 
device to unmount the virtual volume from the ?rst 
computing device, utiliZing the controlling application. 

17. The computer-executable instructions of claim 10, 
wherein sending a second load command to the second com 
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puting device, causing the virtual volume to mount on the 
second computing device, utiliZing the controlling applica 
tion, comprises: 

sending the second load command to a driver of the second 
computing device, causing the driver of the second com 
puting device to mount the virtual volume onto the sec 
ond computing device, utiliZing the controlling applica 
tion. 

18. The computer-executable instructions of claim 10, 
wherein sending an eject command to the ?rst computing 
device causes the ?rst computing device, when the ?rst com 
puting device receives an input/ output request for the virtual 
volume, to inform an originator of the input/output request 
that the virtual volume is unavailable. 

19. The computer-executable instruction of claim 10, 
wherein determining to load the virtual volume on a second 
computing device depends on at least one of: 

a virtual volume access time schedule of the second com 

puting device; and 
an expiration of a time limit. 
20. A system providing network storage to a ?rst client and 

a second client, the system comprising: 
a virtual volume in the network storage accessed by the ?rst 

and second clients, wherein only one of the ?rst client 
and second client mounts the virtual volume at any time; 
and 

a controlling application in communication with the ?rst 
and second clients, the controlling application con?g 
ured to perform the following functions: 
sending a ?rst load command to the ?rst client causing 

the virtual volume to mount on the ?rst client; 
sending an eject command to the ?rst client causing the 

virtual volume to unmount from the ?rst client: and 
sending a second load command to the second client 

causing the virtual volume to mount on the second 
client, wherein the second load command is sent after 
the eject command is sent, further in which the ?rst 
client and the second client share data by transferring 
the data from the ?rst computing device to the virtual 
volume so that the second computing device can 
access the data, the second computing device able 
read and write the data. 

* * * * * 


