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(57) ABSTRACT 

Provided are a method, system, and article of manufacture, 
Wherein a plurality of references to a plurality of ?les 
corresponding to a plurality of devices are stored in a data 
structure implemented in a computational device, Wherein 
the computational device is coupled to the plurality of 
devices via a network. Access is enabled to the data structure 
to a distributed application, Wherein the distributed appli 
cation uses a stored reference in the data structure to 

APPL No: 10/851,036 determine a ?le corresponding to a device, and wherein' the 
distributed application performs data transfer operations 

Filed; May 21, 2004 With the device via the determined ?le. 
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METHOD, SYSTEM, AND ARTICLE OF 
MANUFACTURE FOR STORING DEVICE 

INFORMATION 

BACKGROUND 

[0001] 1. Field 

[0002] The disclosure relates to a method, system, and 
article of manufacture for storing device information. 

[0003] 2. Background 

[0004] A storage area netWork (SAN) is a special purpose 
netWork that interconnects a plurality of storage devices 
With associated data servers. In certain implementations, a 
SAN may be a high-speed subnetWork of shared storage 
devices. A storage device is a machine that may comprise a 
plurality of disks, tapes or other storage media for storing 
data. 

[0005] A SAN may couple a plurality of hosts, Where the 
hosts may be ?le servers, to a plurality of storage devices. In 
certain implementations, the SAN may be a storage netWork 
that is different from an Internet Protocol (IP) based net 
Work. 

[0006] While a SAN may be clustered in proximity to 
other computing resources, such as, an IBM® Z990 main 
frame, certain SAN s may also eXtend to remote locations for 
backup and archival storage by using WAN carrier tech 
nologies. SANs can use communication technologies, such 
as, IBM’s optical ?ber based Enterprise System Connection 
(ESCON®), the Fibre Channel technology, etc. SANs may 
support disk mirroring, backup and restore, archival and 
retrieval of data, data migration from one storage device to 
another, and the sharing of data among different servers in 
a netWork. Certain SANs may also incorporate subnetWorks 
With netWork-attached storage (NAS) systems. 

SUMMARY 

[0007] Provided are a method, system, and article of 
manufacture, Wherein a plurality of references to a plurality 
of ?les corresponding to a plurality of devices are stored in 
a data structure implemented in a computational device, 
Wherein the computational device is coupled to the plurality 
of devices via a netWork. Access is enabled to the data 
structure to a distributed application, Wherein the distributed 
application uses a stored reference in the data structure to 
determine a ?le corresponding to a device, and Wherein the 
distributed application performs data transfer operations 
With the device via the determined ?le. 

[0008] In certain embodiments, the data structure is a 
directory, Wherein the ?les are device ?les, and Wherein the 
references are soft links to the device ?les. 

[0009] In certain additional embodiments, the data struc 
ture is a registry, Wherein entries in the registry include the 
references. 

[0010] In yet additional embodiments information is 
received, from another computational device, Wherein the 
information is capable of being used to determine an addi 
tional reference that corresponds to an additional ?le corre 
sponding to an additional device added to the netWork. The 
data structure is updated to include the additional reference. 
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[0011] In additional embodiments, an additional device 
that has been added to the netWork is discovered. A deter 
mination is made of an additional reference that corresponds 
to an additional ?le corresponding to the additional device. 
The data structure is updated to include the additional 
reference. 

[0012] In further embodiments, the netWork is a storage 
area netWork, Wherein the distributed application is capable 
of accessing the plurality of devices via a plurality of 
computational devices. 

[0013] In yet additional embodiments, the computational 
device is a ?rst computational device, Wherein the data 
structure is a ?rst data structure. A second data structure, 
implemented in a second computational device, stores at 
least one of the plurality of references to the plurality of ?les 
corresponding to the plurality of devices, Wherein the sec 
ond computational device is coupled to the plurality of 
devices via the netWork, and Wherein the distributed appli 
cation is capable of accessing the plurality of devices via the 
?rst and the second data structures. 

[0014] In further embodiments, the data structure is 
capable of being implemented in a plurality of heteroge 
neous operating systems, and Wherein the plurality of 
devices are heterogeneous. 

[0015] In still further embodiments, the data structure in 
implemented locally in the computational device, and 
Wherein the distributed application is capable of initiating 
the data transfer operations With the device faster by access 
ing the data structure implemented locally in the computa 
tional device in comparison to accessing the data structure 
implemented remotely from the computational device. 

[0016] In additional embodiments, an operating system 
and drivers in the computational device are incapable of 
directly providing the distributed application With access to 
information to perform the data transfer operations With the 
device. 

[0017] In further embodiments, the ?le is a device ?le, 
Wherein the device is a virtual storage device, Wherein the 
netWork is a storage area netWork, and Wherein the device 
?le represents a path to the virtual storage device through the 
storage area netWork. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Referring noW to the draWings in Which like ref 
erence numbers represent corresponding parts throughout: 

[0019] FIG. 1 illustrates a block diagram of a computing 
environment, in accordance With certain embodiments; 

[0020] FIG. 2 illustrates a block diagram of a host that 
includes a device directory, in accordance With certain 
embodiments; 

[0021] FIG. 3 illustrates a block diagram that illustrates 
hoW a distributed application uses the device directory to 
access a plurality of devices in a SAN, in accordance With 
certain embodiments; 

[0022] FIG. 4 illustrates operations for generating the 
device directory and performing Input/Output (I/O) opera 
tions With respect to devices in a SAN by using the device 
directory, in accordance With certain embodiments; 
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[0023] FIG. 5 illustrates operations implemented in a host 
for allowing a distributed application to use the device 
directory for performing I/O operations With respect to 
devices in a SAN, in accordance With certain embodiments; 
and 

[0024] FIG. 6 illustrates a computing architecture in 
Which certain embodiments are implemented. 

DETAILED DESCRIPTION 

[0025] In the following description, reference is made to 
the accompanying draWings Which form a part hereof and 
Which illustrate several embodiments. It is understood that 
other embodiments may be utiliZed and structural and opera 
tional changes may be made. 

[0026] FIG. 1 illustrates a computing environment in 
Which certain embodiments are implemented. Aplurality of 
hosts 100a . . . 10011 are coupled to a plurality of devices 

102a . . . 102m over a network, such as, a SAN 104. In 

certain embodiments, an administrative server 106 that is 
capable of performing operations With respect to the hosts 
100a . . . 10011 and the devices 102a . . . 102m is also coupled 

to the SAN 104. 

[0027] The plurality of hosts 100a . . . 10011 and the 
administrative server 106 may comprise any type of com 
putational device, such as, a Workstation, a desktop com 
puter, a laptop, a mainframe, a telephony device, a hand held 
computer, a server, a blade computer, etc. The plurality of 
hosts 100a . . . 100n may include a plurality of device 

directories 108a . . . 10811, Where in certain embodiments at 

least one host includes a device directory. For example, the 
host 100a may include the device directory 108a, the host 
100b may include the device directory 108b, and the host 
100n may include the device directory 10811. In certain 
embodiments, the device directories 108a . . . 10811 are ?le 

directories and include references to device ?les correspond 
ing to one or more of the plurality of devices 102a . . . 102m. 

In certain embodiments, the hosts 100a . . . 100n may be 

heterogeneous and run a plurality of operating systems. 

[0028] The devices 102a . . . 102m may comprise any type 
of storage device knoWn in the art, such as, a disk drive, a 
tape drive, a CDROM drive, etc. The devices 102a . . . 102m 

may comprise a heterogeneous group of storages devices 
that are capable of being accessed from the hosts 100a . . . 

10011 and the administrative server 106 via the SAN 104. In 
certain embodiments, the plurality of device 102a . . . 102m 

are shared among the plurality of hosts 100a . . . 10011. 

[0029] The SAN 104 may comprise any storage area 
netWork knoWn in the art. In certain embodiments, the SAN 
104 may be coupled to any other netWork (not shoWn) 
knoWn in the art, such as, the Internet, an intranet, a LAN, 
a WAN, etc. 

[0030] A distributed application 110 is capable of running 
and interacting With softWare elements in one or more of the 
plurality of hosts 100a . . . 10011. The distributed application 

110 may interact With or eXecute in one or more of the 

plurality of hosts 100a . . . 10011. In certain embodiments, the 
distributed application 110 may include any SAN applica 
tion that uses a plurality of hosts and devices in the SAN 
104. The distributed application 110 may include disaster 
recovery applications, data interchange applications, data 
vaulting application, data protection application, etc. 
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[0031] Since the distributed application 110 may have to 
interact With a plurality of heterogeneous devices 102a . . . 

102m and heterogeneous host operating systems in the hosts 
100a . . . 10011, the distributed application 110 may not be 

able to rely directly on a host operating system, a cluster 
manager, a logical volume manager, etc., to manage or alloW 
the use of the devices 102a . . . 102m in the SAN 104. 

Additionally, When the devices 102a . . . 102m are shared 

among the hosts 100a . . . 10011, the host operating systems, 

cluster managers, etc., may not have the information needed 
to manage the devices 102a . . . 102m. Furthermore, it may 

be burdensome for an application vendor to engineer support 
that is customiZed for every combination of host operating 
system, host bus adapter driver, or storage device driver. 
Therefore, the management of the devices 102a . . . 102m 

may not be possible via the host operating systems, the 
cluster managers, the logical volume managers, etc., because 
of a lack of capability and because of the eXpense associated 
With creating support that is customiZed for a plurality of 
combinations of host operating systems, host bus adapter 
drivers, storage device drivers, etc. 

[0032] FIG. 1 illustrates an embodiment, in Which infor 
mation related to the devices 102a . . . 102m is stored in the 

device directories 108a . . . 10811, Where the device direc 

tories 108a . . . 10811 are accessible to the distributed 

application 10. Additionally, the device directories 108a . . 
. 10811 are implemented in a manner, such that, the device 
directories are operating system neutral and store informa 
tion related to devices in a form that is suitable for inter 
facing With the distributed application 110. Certain embodi 
ments may be implemented in computing environments in 
Which the hosts 100a . . . 10011 and the devices 102a . . . 

102m are divided into clusters. The distributed application 
110 may run over a cluster based operating system and use 
the device directories 108a . . . 10811 for accessing the 

devices 102a . . . 102m. 

[0033] FIG. 2 illustrates a block diagram of a host 200, 
Where the host 200 represents any of the hosts 100a . . . 

10011. The host 200 includes system softWare 202, a device 
directory 204, and is capable of interacting With the distrib 
uted application 10, Where in certain embodiments the 
distributed application 110 may be implemented in one or 
more hosts 100a . . . . 10011. The system softWare 202 

included in the host 200 may include the operating system 
of the host 200, various drivers that run in the host 200, 
cluster managers that run in the host 200, logical volume 
managers that run in the host 200, etc. The device directory 
204 may represent any of the device directories 108a . . . 

10811. For example, in certain embodiments if the host 200 
represents the host 100a then the device directory 204 
represents the device directory 108a. 

[0034] The device directory 204 includes a plurality of 
device ?le links 206a . . . 206p, Where the device ?le links 

206a . . . 206p are references to device ?les corresponding 

to the devices 102a . . . 102m, Where a device ?le may be 

used by the distributed application 110 to perform data 
transfer operations With respect to the device that corre 
sponds to the device ?le. For eXample, in certain embodi 
ments if a device ?le named “X” corresponds to the device 
102m, then the device ?le link 206a may be a softlink to the 
device ?le “X”. A softlink may indicate the location of the 
device ?le “X” in the SAN 104. For eXample, a softlink may 
be represented as “/dev/home/X”, Where the ?le named “X” 
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is stored in the “home” directory of “dev”, Where “dev” may 
include any of the computational devices 100a . . . 10011, the 

administrative server 106, the devices 102a . . . 102m, or any 

other element capable of storing the ?le “X” that is coupled 
to the SAN 104. In certain embodiments, the device ?le 
resides on a host, such as, hosts 100a . . . 10011, and identi?es 

a path or a set of possible paths through the SAN 104 to a 
storage device, such as storage devices 102a . . . 10211, Where 

a storage device may include a virtual disk served by a 
storage server. In certain operating systems, the device ?le 
alloWs an application to use the corresponding device by 
opening, reading or Writing to the device ?le. For eXample, 
by Writing to a device ?le, an application, such as, the 
distributed application 110, Writes through the driver and 
SAN 104 onto a storage device 102a . . . 102m. The 

application can also get certain information about the 
device, such as, the SAN address of the device, by executing 
operations against the corresponding device ?le. In certain 
embodiments, the link to a device ?le is an operating system 
facility in Which a ?le, instead of being the actual device ?le, 
acts as the proXy of the device ?le. The application can open 
the link, and may perform operations on the link, similar to 
the operations on the device ?le the link points to. The 
application can also request the operating system to deter 
mine Which device ?le the link points to. 

[0035] In certain embodiments, the device directory 204 is 
a ?le directory that includes the device ?le links 206a . . . 

206p. In alternative embodiments, the device directory 204 
may be any data structure that is capable of storing refer 
ences to the information related to the devices 102a . . . 

102m. In certain embodiments, additional ?elds, such as, an 
identi?er that associates a device ?le link to a particular 
device is included in the device directory 204. 

[0036] In one embodiment, the distributed application 110 
performs data transfer operations, such as, I/O operations, 
With respect to the devices 102a . . . 102m, by accessing the 
device ?les corresponding to the devices 102a . . . 102m via 

the device ?le links 206a . . . 206p that are stored in the 

device directory 204. In certain embodiments, the device 
directory 204 is created and populated With the device ?le 
links 206a . . . 206p, prior to an attempted usage of a device 

?le link by the distributed application 110. Since the device 
directory 204 is stored locally in the host 200, the distributed 
application 110 may initiate data transfer operations With the 
devices 102a . . . 102m faster When compared to implemen 

tations in Which references to the devices 102a . . . 102m are 

unavailable locally in the host 200. As the number of devices 
increase in the SAN 104 the time taken to search for a device 
102a . . . 102m may increase signi?cantly, if references to 

the devices 102a . . . 102m are not stored locally in the 

device directory 204. Furthermore, if there is an increase in 
the number of redundant paths in the SAN 104 then the 
number of device ?les to search through may also increase, 
causing an increase in the time taken to search for a device 
1020! . . . 102m. 

[0037] Additionally, in certain embodiments the device 
directory 204 is operating system neutral, i.e., the device 
directory can be stored in the ?le system of a plurality of 
operating systems. When the device directory 204 is oper 
ating system neutral, the distributed application 110 can 
access the device directory 204 in embodiments in Which the 
hosts 100a . . . 100n have heterogeneous operating systems. 
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[0038] FIG. 3 illustrates a block diagram that illustrates 
hoW the distributed application 1.10 uses the device direc 
tory 204 to access a plurality of devices in the SAN 104, in 
accordance With certain embodiments. 

[0039] The distributed application 110 may need to per 
form data transfer operations With respect to a device. In 
certain embodiments, the distributed application 110 
accesses the device ?le links 206a . . . 206p via the device 

directory 204 in the host 200. In certain embodiments, the 
device ?le links 200a . . . 200p may reference device ?les 

300a . . . 300p that correspond to the devices 102a . . . 102p. 

In certain embodiments, the devices 102a . . . 102p may be 
a subset of the devices 102a . . . 102m shoWn in FIG. 1. For 

eXample, the device ?le link 206a may reference the device 
?le 300a, and the device ?le link 206p may reference the 
device ?le 300p. In certain embodiments, the device ?les 
300a . . . 300p may represent either speci?c individual paths 
to a storage device 102a . . . 102p through the SAN 104, or 

a choice of paths to a storage device 102a . . . 102p. In 

certain embodiments the storage devices 102a . . . 102p may 

include a virtual storage device served by a storage server, 
such as, the IBM Enterprise Storage Server®. 

[0040] In certain embodiments, the distributed application 
110 determines a device ?le link, such as, device ?le link 
206a, 206p. The distributed application 110 may perform 
various operations, such as, open 302a, 304a, close 302b, 
304b, update 302c, 304c, read (not shoWn), Write (not 
shoWn), append (not shoWn), etc., With respect to the device 
?les 300a, 300p. For eXample, the distributed application 
110 may use the device ?le link 206a to open 302a the 
device ?le 300a for initiating data transfer operations With 
the device 102a. 

[0041] Therefore, FIG. 3 illustrates an embodiment in 
Which the distributed application 110 accesses the devices 
102a . . . 102p in the SAN 104 by using the device directory 
204. 

[0042] FIG. 4 illustrates operations for generating the 
device directory 204 and performing I/O operations With 
devices in a SAN 104 by using the device directory 204, in 
accordance With certain embodiments of the present inven 
tion. The operations described in FIG. 4 may be imple 
mented in the computing environment illustrated in FIG. 1. 

[0043] Control starts at block 400 Where the device direc 
tory 204 is created in a host, such as, the host 200. The 
device directory 204 may represent any of the device 
directories 108a . . . 10811, and the host 200 may represent 

the corresponding host 100a . . . 10011. The creation of the 

device directory 204 in a host may be performed by the host 
or by the administrative server 106. In certain embodiments 
the distributed application 110 may create the device direc 
tory 204. 

[0044] A determination is made (at block 402) as to 
Whether the device directory 204 may need to be populated 
or updated With device ?le links, such as, device ?le links 
206a . . . 206p. For example, the device directory 204 may 
need to be populated or updated if the device directory 204 
is empty or a process in the host 200 requests access to a 
device that is absent in the device directory 204. In certain 
embodiments, the device directory 204 may need to be 
populated or updated at periodic intervals When device 
discovery needs to be performed or When other hosts or the 
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administrative server 106 start sending messages that may 
include updates to the device directory 204. If the device 
directory needs to be populated or updated, then the device 
directory 204 may be populated or updated by the execution 
of the operations described in one or more of the blocks 
404a, 404b, 404c and a subsequent execution of the opera 
tion described in block 406. In certain embodiments, the 
process may Wait in block 402 until a determination is made 
that the device directory 204 may need to be updated or 
populated. 

[0045] In certain embodiments, the distributed application 
110 that executes in a host 200 may receive (at block 404a) 
a message from the administrative server 106 to populate or 
update the device directory 204. The distributed application 
110 that executes in a host 200 may also discover (at block 
404b) one or more devices 102a . . . 102m of interest in the 

SAN 104. The distributed application 110 that executes in a 
host 200 may also receive (at block 404c) one or more 
messages to populate or update the device directory 204 
from the other hosts in the SAN 204. For example, in certain 
embodiments the host 100a that executes the distributed 
application 110 may receive a message from the host 100b 
to populate or update the device directory 108a. The mes 
sage received by the host 100a may include information that 
enables the receiving host 100a to ?nd the corresponding 
device of interest. For example, the information may include 
the World Wide Port Name of a device, Where the receiving 
host 100a can use the World Wide Port Name of the device 
in association With a storage driver to ?nd the device ?le of 
interest. Subsequently, a link can be created in the device 
directory 108a of the receiving host 100a to the correspond 
ing device ?le. 

[0046] The distributed application 110 may populate or 
update (at block 406) the device directory 204 With the 
device ?le links to the corresponding devices based on the 
messages received or device discovery performed in blocks 
404a, 404b, 404c. For example, in certain embodiments, the 
distributed application 110 may populate or update the 
device directory 204 With the device ?le links 206a . . . 206p 

that references the device ?les 300a . . . 300p corresponding 

to the devices 100a . . . 100p. Therefore, in certain embodi 
ments the populating and updating of the device directory 
204 may be performed by the distributed application 110. In 
certain alternative embodiments, applications that are dif 
ferent from the distributed application 110 may populate or 
update the device directory. 

[0047] The distributed application 110 determines (at 
block 408) Whether an operation is to be performed With 
respect to a selected device. If so, the distributed application 
110 performs (at block 410) the operation With respect to the 
selected device by accessing the device ?le corresponding 
the selected device from the device directory 204, and 
control returns to block 402 for populating or updating the 
device directory 204. For example, in certain embodiments, 
the distributed application 110 may perform an open 304a 
on the device ?le 304p corresponding to the device 102p by 
using the device ?le link 206p in the device directory 204. 

[0048] If the distributed application 110 determines (at 
block 408) that no operation is to be performed With respect 
to the selected device then control returns to block 402 for 
populating or updating the device directory 204. In certain 
embodiments, the process described in blocks 402, 404a, 
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404b, 404c, 406, 408, and 410 may be executed repeatedly 
in the host 200. In other embodiments, an exception, an error 
condition, a shutdoWn, or a rebooting of the host 200 may 
terminate the process described in FIG. 4. 

[0049] Therefore, FIG. 4 describes an embodiment in 
Which a device directory 204 that includes references to 
device ?les 300a . . . 300p corresponding to devices 100a . 

. . 100p is created, populated and updated. The host in Which 
the device directory 204 is located alloWs the distributed 
application 110 to perform operations With respect to the 
devices 100a . . . 100p by using the device directory 204. 
Since, the device directory 204 is stored locally in the host 
200, the distributed application 110 can access a device 
faster in comparison to implementations in Which the ref 
erence to the device is located remotely from the host 200. 
Therefore, in certain embodiments While the system soft 
Ware 202, such as, a host operating system, may manages the 
device ?les, the distributed application manages the device 
directory 204. 

[0050] FIG. 5 illustrates operations implemented in a host, 
such as host 200, for alloWing the distributed application 110 
to use the device directory 204 for performing I/o operations 
With respect to the devices 102a . . . 102m in the SAN 104, 

in accordance With certain embodiments. 

[0051] Control starts at block 500, Where the computa 
tional device 200 stores in a data structure 204 implemented 
in the computational device 200 a plurality of references 
206a . . . 206p to a plurality of ?les 300a . . . 300p 

corresponding to a plurality of devices 100a . . . 100p, 

Wherein the computational device 200 is coupled to the 
plurality of devices 100a . . . 100p via a netWork 104. 

[0052] The computational device 200 enables (at block 
502) access to the data structure 204 to a distributed appli 
cation 110, Wherein the distributed application 110 uses a 
stored reference in the data structure 204 to determine a ?le 
corresponding to a device, and Wherein the distributed 
application 110 performs data transfer operations With the 
device via the determined ?le. 

[0053] Therefore, FIG. 5 illustrates hoW a computational 
device, such as, the host 200, alloWs the distributed appli 
cation 110 to use the device directory 204 for performing 
data transfer operations. 

[0054] In certain embodiments, knoWledge about devices 
in a SAN are cached locally in a host, such that, candidate 
or used devices are quickly accessible and visible to an 
administrator or a distributed application 110. In certain 
embodiments, a designated directory is used as a platform 
independent, vendor-independent technique for managing 
devices shared by a distributed application across a plurality 
of hosts in a SAN environment, Where the time and com 
plexity to scan for suitable devices is reduced by storing the 
designated directory locally in a host. The designated direc 
tory may be updated With references to devices When the 
host is not performing critical operations, Where the critical 
operations are operations that should be completed as soon 
as possible. In certain embodiments, the distributed appli 
cation 10 caches information in the device directories 108a 
. . . 10811, Where the cached information may be related to 

devices that may be accessed or devices that are already in 
use by the distributed application 110 or other applications. 
In certain embodiments, the location of the device directo 
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ries 108a . . . 108n may be designated by the distributed 

application 110. In certain other embodiments, the device 
directories are not used by the any storage device vendor or 
by any host system softWare for storing general purpose 
device ?les. In certain alternative embodiments, an admin 
istrator may use the administrative server 106 to manually 
con?gure the device directories 108a . . . 108n. Automated 

scripts may also be run on the administrative server 106 to 
con?gure the device directories 108a . . . 108n. Additionally, 

in other embodiments administration can occur on the hosts 
100a . . . 10011, in addition to the administrative server 106. 

For example, an administrator could log on to a selected host 
and add neW links in the device directory 204 used by the 
distributed application 110 and indicate to the distributed 
application 110 the devices that are available for use by the 
distributed application 110 on the selected host. 

[0055] In certain embodiments, the distributed application 
110 is enabled to reduce the time needed to scan the devices 
102a . . . 102m during critical operations. In certain other 

embodiments, the hosts 100a . . . 10011, the distributed 

application 110, or the administrative server 106 may create, 
populate, or update the device directories 108a . . . 10811 by 

scanning the devices in the SAN 104 When critical opera 
tions are not being processed. 

[0056] In certain embodiments, the distributed application 
110 interacts With the devices 102a . . . 102m in a generic 

manner. In certain other embodiments, the distributed appli 
cation 110 is able to use devices 102a . . . 102m that Were 

not available at the time the distributed application Was 
designed, tested, or documented. In alternative embodi 
ments, additional operations beyond those described in 
FIGS. 1-5 may be used by the distributed application 110 to 
locate devices. For example, the distributed application 110 
may search other device locations or may be customiZed to 
use or prefer certain vendor devices or drivers, or may 
interact With an operating system on a host to determine 
devices for data transfer. In certain embodiments, the 
devices 102a . . . 102m are labeled for use in the device 

directories Without using the system softWare 202. Since the 
system softWare on each host of the plurality of hosts 100a 
. . . 100n may be different, labeling the devices 102a . . . 

102m by the system softWare on each host may lead to 
con?icts and may interfere With the use of the devices 102a 
. . . 10211 by the distributed application 110. 

Additional Embodiment Details 

[0057] The described techniques may be implemented as 
a method, apparatus or article of manufacture involving 
softWare, ?rmWare, micro-code, hardWare and/or any com 
bination thereof. The term “article of manufacture” as used 
herein refers to program instructions, code and/or logic 
implemented in circuitry (e.g., an integrated circuit chip, 
Programmable Gate Array (PGA), ASIC, etc.) and/or a 
computer readable medium (e.g., magnetic storage medium, 
such as hard disk drive, ?oppy disk, tape), optical storage 
(e.g., CD-ROM, DVD-ROM, optical disk, etc.), volatile and 
non-volatile memory device (e.g., Electrically Erasable Pro 
grammable Read Only Memory (EEPROM), Read Only 
Memory (ROM), Programmable Read Only Memory 
(PROM), Random Access Memory (RAM), Dynamic Ran 
dom Access Memory (DRAM), Static Random Access 
Memory (SRAM), ?ash, ?rmWare, programmable logic, 
etc.). Code in the computer readable medium may be 
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accessed and executed by a machine, such as, a processor. In 
certain embodiments, the code in Which embodiments are 
made may further be accessible through a transmission 
medium or from a ?le server via a netWork. In such cases, 
the article of manufacture in Which the code is implemented 
may comprise a transmission medium, such as a netWork 
transmission line, Wireless transmission media, signals 
propagating through space, radio Waves, infrared signals, 
etc. Of course, those skilled in the art Will recogniZe that 
many modi?cations may be made Without departing from 
the scope of the embodiments, and that the article of 
manufacture may comprise any information bearing 
medium knoWn in the art. For example, the article of 
manufacture comprises a storage medium having stored 
therein instructions that When executed by a machine results 
in operations being performed. 

[0058] FIG. 6 illustrates a block diagram of a computer 
architecture 600 in Which certain embodiments may be 
implemented. In certain embodiments, the hosts 100a . . . 

10011 and the administrative server 106 may be implemented 
according to the computer architecture 600. The computer 
architecture 600 may include a processor or a circuitry 602, 
a memory 604 (e.g., a volatile memory device), and storage 
606. Certain elements of the computer architecture 600 may 
or may not be found in the hosts 100a . . . 10011 and the 

administrative server 106. The storage 606 may include a 
non-volatile memory device (e. g., EEPROM, ROM, PROM, 
RAM, DRAM, SRAM, ?ash, ?rmWare, programmable 
logic, etc.), magnetic disk drive, optical disk drive, tape 
drive, etc. The storage 606 may comprise an internal storage 
device, an attached storage device and/or a netWork acces 
sible storage device. Programs in the storage 606 may be 
loaded into the memory 604 and executed by the processor 
602. In certain embodiments, the circuitry 602 may be in 
communication With the memory 604, and the circuitry 602 
may be capable of performing operations. Additionally, the 
architecture may include a netWork card 608 to enable 
communication With a netWork, such as the storage area 
netWork 104. The architecture may also include at least one 
input device 610, such as, a keyboard, a touchscreen, a pen, 
voice-activated input, etc., and at least one output device 
612, such as a display device, a speaker, a printer, etc. 

[0059] At least certain of the operations of FIGS. 4 and 5 
may be performed in parallel as Well as sequentially. In 
alternative embodiments, certain of the operations may be 
performed in a different order, modi?ed or removed. 

[0060] Furthermore, many of the softWare and hardWare 
components have been described in separate modules for 
purposes of illustration. Such components may be integrated 
into a feWer number of components or divided into a larger 
number of components. Additionally, certain operations 
described as performed by a speci?c component may be 
performed by other components. 

[0061] The data structures and components shoWn or 
referred to in FIGS. 1-6 are described as having speci?c 
types of information. In alternative embodiments, the data 
structures and components may be structured differently and 
have feWer, more or different ?elds or different functions 
than those shoWn or referred to in the ?gures. Therefore, the 
foregoing description of the embodiments has been pre 
sented for the purposes of illustration and description. It is 
not intended to be exhaustive or to limit the embodiments to 
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the precise form disclosed. Many modi?cations and varia 
tions are possible in light of the above teaching. 

[0062] IBM, ESCON, and Enterprise Storage Server are 
registered trademarks or trademarks of IBM corporation. 

What is claimed is: 
1. A method, comprising: 

storing, in a data structure implemented in a computa 
tional device, a plurality of references to a plurality of 
?les corresponding to a plurality of devices, Wherein 
the computational device is coupled to the plurality of 
devices via a netWork; and 

enabling access to the data structure to a distributed 
application, Wherein the distributed application uses a 
stored reference in the data structure to determine a ?le 
corresponding to a device, and Wherein the distributed 
application performs data transfer operations With the 
device via the determined ?le. 

2. The method of claim 1, Wherein the data structure is a 
directory, Wherein the ?les are device ?les, and Wherein the 
references are soft links to the device ?les. 

3. The method of claim 1, Wherein the data structure is a 
registry, and Wherein entries in the registry include the 
references. 

4. The method of claim 1, further comprising: 

receiving, from another computational device, informa 
tion that is capable of being used to determine an 
additional reference that corresponds to an additional 
?le corresponding to an additional device added to the 
netWork; and 

updating the data structure to include the additional 
reference. 

5. The method of claim 1, further comprising: 

discovering an additional device that has been added to 
the netWork; 

determining an additional reference that corresponds to an 
additional ?le corresponding to the additional device; 
and 

updating the data structure to include the additional 
reference. 

6. The method of claim 1, Wherein the netWork is a storage 
area netWork, and Wherein the distributed application is 
capable of accessing the plurality of devices via a plurality 
of computational devices. 

7. The method of claim 1, Wherein the computational 
device is a ?rst computational device, Wherein the data 
structure is a ?rst data structure, the method further com 
prising: 

storing, in a second data structure implemented in a 
second computational device, at least one of the plu 
rality of references to the plurality of ?les correspond 
ing to the plurality of devices, Wherein the second 
computational device is coupled to the plurality of 
devices via the netWork, and Wherein the distributed 
application is capable of accessing the plurality of 
devices via the ?rst and the second data structures. 

8. The method of claim 1, Wherein the data structure is 
capable of being implemented in a plurality of heteroge 
neous operating systems, and Wherein the plurality of 
devices are heterogeneous. 
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9. The method of claim 1, Wherein the data structure in 
implemented locally in the computational device, and 
Wherein the distributed application is capable of initiating 
the data transfer operations With the device faster by access 
ing the data structure implemented locally in the computa 
tional device in comparison to accessing the data structure 
implemented remotely from the computational device. 

10. The method of claim 1, Wherein an operating system 
and drivers in the computational device are incapable of 
directly providing the distributed application With access to 
information to perform the data transfer operations With the 
device. 

11. The method of claim 1, Wherein the ?le is a device ?le, 
Wherein the device is a virtual storage device, Wherein the 
netWork is a storage area netWork, and Wherein the device 
?le represents a path to the virtual storage device through the 
storage area netWork. 

12. A system, Wherein the system is capable of commu 
nicating With a plurality of devices and a distributed appli 
cation over a netWork, the system comprising: 

a computational device; 

memory coupled to the computational device; and 

circuitry in communication With the memory, Wherein the 
circuitry is capable of being enabled to: 

store, in a data structure implemented in the computa 
tional device, a plurality of references to a plurality 
of ?les corresponding to the plurality of devices; and 

enable access to the data structure to the distributed 
application, Wherein the distributed application uses 
a stored reference in the data structure to determine 
a ?le corresponding to a device, and Wherein the 
distributed application performs data transfer opera 
tions With the device via the determined ?le. 

13. The system of claim 12, Wherein the data structure is 
a directory, Wherein the ?les are device ?les, and Wherein the 
references are soft links to the device ?les. 

14. The system of claim 12, Wherein the data structure is 
a registry, and Wherein entries in the registry include the 
references. 

15. The system of claim 12, Wherein the system is capable 
of communicating With another computational device, 
Wherein an additional device is capable of being added to the 
netWork, and Wherein the circuitry is further capable of 
being enabled to: 

receive, from the another computational device, informa 
tion that is capable of being used to determine an 
additional reference that corresponds to an additional 
?le corresponding to the additional device; and 

update the data structure to include the additional refer 
ence. 

16. The system of claim 12, Wherein an additional device 
is capable of being added to the netWork, and Wherein the 
circuitry is further capable of being enabled to: 

discover the additional device; 

determine an additional reference that corresponds to an 
additional ?le corresponding to the additional device; 
and 

update the data structure to include the additional refer 
ence. 
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17. The system of claim 12, wherein the network is a 
storage area network, and wherein the distributed applica 
tion is capable of accessing the plurality of devices via a 
plurality of computational devices. 

18. The system of claim 12, wherein the computational 
device is a ?rst computational device, wherein a second 
computational device is coupled to the network, wherein the 
data structure is a ?rst data structure, and wherein the 
circuitry is further capable of being enabled to: 

store, in a second data structure implemented in the 
second computational device, at least one of the plu 
rality of references to the plurality of ?les correspond 
ing to the plurality of devices, wherein the second 
computational device is coupled to the plurality of 
devices via the network, and wherein the distributed 
application is capable of accessing the plurality of 
devices via the ?rst and the second data structures. 

19. The system of claim 12, wherein the data structure is 
capable of being implemented in a plurality of heteroge 
neous operating systems, and wherein the plurality of 
devices are heterogeneous. 

20. The system of claim 12, wherein the data structure in 
implemented locally in the computational device, and 
wherein the distributed application is capable of initiating 
the data transfer operations with the device faster by access 
ing the data structure implemented locally in the computa 
tional device in comparison to accessing the data structure 
implemented remotely from the computational device. 

21. The system of claim 12, wherein an operating system 
and drivers in the computational device are incapable of 
directly providing the distributed application with access to 
information to perform the data transfer operations with the 
device. 

22. The system of claim 12, wherein the ?le is a device 
?le, wherein the device is a virtual storage device, wherein 
the network is a storage area network, and wherein the 
device ?le represents a path to the virtual storage device 
through the storage area network. 

23. An article of manufacture, wherein a computational 
device is coupled to a plurality of devices by a network, and 
wherein the article of manufacture is capable of causing 
operations, the operations comprising: 

storing, in a data structure implemented in the computa 
tional device, a plurality of references to a plurality of 
?les corresponding to the plurality of devices; and 

enabling access to the data structure to a distributed 
application, wherein the distributed application uses a 
stored reference in the data structure to determine a ?le 
corresponding to a device, and wherein the distributed 
application performs data transfer operations with the 
device via the determined ?le. 

24. The article of manufacture of claim 23, wherein the 
data structure is a directory, wherein the ?les are device ?les, 
and wherein the references are soft links to the device ?les. 

25. The article of manufacture of claim 23, wherein the 
data structure is a registry, and wherein entries in the registry 
include the references. 

26. The article of manufacture of claim 23, wherein the 
computational device is coupled to another computational 
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device via the network, and wherein an additional device is 
added to the network, the operations further comprising: 

receiving, from the another computational device, infor 
mation that is capable of being used to determine an 
additional reference that corresponds to an additional 
?le corresponding to the additional device added to the 
network; and 

updating the data structure to include the additional 
reference. 

27. The article of manufacture of claim 23, wherein an 
additional device is added to the network, the operations 
further comprising: 

discovering the additional device; 
determining an additional reference that corresponds to an 

additional ?le corresponding to the additional device; 
and 

updating the data structure to include the additional 
reference. 

28. The article of manufacture of claim 23, wherein the 
network is a storage area network, and wherein the distrib 
uted application is capable of accessing the plurality of 
devices via a plurality of computational devices. 

29. The article of manufacture of claim 23, wherein the 
computational device is a ?rst computational device that is 
coupled to a second computational device, wherein the data 
structure is a ?rst data structure, the operations further 
comprising: 

storing, in a second data structure implemented in the 
second computational device, at least one of the plu 
rality of references to the plurality of ?les correspond 
ing to the plurality of devices, wherein the second 
computational device is coupled to the plurality of 
devices via the network, and wherein the distributed 
application is capable of accessing the plurality of 
devices via the ?rst and the second data structures. 

30. The article of manufacture of claim 23, wherein the 
data structure is capable of being implemented in a plurality 
of heterogeneous operating systems, and wherein the plu 
rality of devices are heterogeneous. 

31. The article of manufacture of claim 23, wherein the 
data structure in implemented locally in the computational 
device, and wherein the distributed application is capable of 
initiating the data transfer operations with the device faster 
by accessing the data structure implemented locally in the 
computational device in comparison to accessing the data 
structure implemented remotely from the computational 
device. 

32. The article of manufacture of claim 23, wherein an 
operating system and drivers in the computational device are 
incapable of directly providing the distributed application 
with access to information to perform the data transfer 
operations with the device. 

33. The article of manufacture of claim 23, wherein the 
?le is a device ?le, wherein the device is a virtual storage 
device, wherein the network is a storage area network, and 
wherein the device ?le represents a path to the virtual 
storage device through the storage area network. 

* * * * * 


