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(57) ABSTRACT 

Methods and Systems for Storage architectures are provided. 
Storage resource provider modules interface with Storage 
resources to perform Storage operations. A Storage manage 
ment data Store maintains Storage data associated with a 
Storage environment of the Storage resources. The Storage 
resource provider modules retrieve and update the Storage 
management data in response to processing the Storage 
operations. In one embodiment, a Storage management 
application requests a Selected Storage resource provider 
module to perform a Selected Storage operation. The Storage 
management application determines the Selected Storage 
resource provider module by acquiring the Storage manage 
ment data in the data Store. 
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METHODS AND SYSTEMS FOR STORAGE 
ARCHITECTURES 

COPYRIGHT NOTICE/PERMISSION 

0001. A portion of the disclosure of this patent document 
contains material that is Subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
Sure as it appears in the Patent and Trademark Office patent 
file or records, but otherwise reserves all copyright rights 
whatsoever. The following notice applies to the Software 
descriptions/examples, and data as described below and in 
the drawings hereto: CopyrightC) 2002, VERITAS Software 
Corporation, All Rights Reserved. 

FIELD OF INVENTION 

0002 The present invention is related to storage archi 
tectures, and more particularly to methods, and Systems that 
provide Storage architectures to access Storage management 
data. 

BACKGROUND INFORMATION 

0.003 Storage networking is the practice of connecting 
Storage devices to computing devices (e.g., clients, Servers, 
and the like) by using networks (e.g., Fibre Channel, Internet 
Small Computer System Interface (iSCSI), and others) 
instead of traditional point-to-point Small Computer System 
Interface (SCSI) channels. A network used to connect serv 
ers to Storage devices is referred to as a Storage area network 
(SAN). Typically, within a SAN environment, computing 
devices have access to the available Storage devices. This 
presents a wide variety of benefits, including Server platform 
fail-over wherein a failed Storage device and failed Server 
are automatically recovered by another operational Server 
platform and operational Storage device without requiring 
any recabling of the operational Storage devices. 
0004 Prior to the development of SAN technology, local 
and wide area networks provided access between computing 
devices that did not always include Storage devices. Con 
nections were established with network protocols Such as 
Transmission Communication Protocol (TCP), Unreliable 
Datagram Protocol (UDP), and others. Some of these pro 
tocols ensure that message ordering is preserved and that 
messages are not lost. Distributed File Systems (DFS) such 
as network file system (NFS) and Common Internet file 
system (CIFS) are layered on top of network protocols. 
Distributed File Systems provide uniformed named access to 
files and their data Storage devices acroSS a network con 
Sisting of heterogeneous computing devices. Using DFS, 
access to files or data Storage devices is transparent to any 
particular computing device. Thus, access is consistent 
across the DFS without the need for physical locations or 
other details associated with any particular file or data. This 
access transparency is often referred to as Storage Virtual 
ization. 

0005 Storage arrays provide access to storage disks 
within a shared Storage environment. The Storage arrayS 
include the Storage disks, Software to access those Storage 
disks, controllers, memory, power Supplies, and the like. 
Host applications within the shared Storage environment 
communicate with the Storage arrays to gain access to 
Storage locations on the Storage disks controlled by the 
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Storage arrayS. However, this access is typically in the form 
of vendor-specific interfaces provided by the vendors of the 
Storage arrayS. In Some cases, Vendors provide Software 
libraries to gain access to the Storage arrays (e.g., by 
implementing APIs). In other cases, vendors provide com 
mand line interfaces, where the commands are encoded in a 
Specific data format, Such as Extensible Markup Language 
(XML) data format and others. 
0006. Often storage management applications are inter 
posed between the host applications and the underlying 
physical Storage arrayS. This is done, to free the host 
applications from the responsibilities of maintaining Storage 
as well as to centralize Storage management. Each Storage 
management application is responsible for managing Storage 
for a plurality of host applications and a plurality of Storage 
arrayS. However, in a heterogeneous shared Storage envi 
ronment with disparate Storage arrays, the Storage manage 
ment applications are forced to know and manage a variety 
of interfaces in order to properly maintain and manage 
Storage for the host applications. 
0007 Moreover, existing storage architectures do not 
make Storage management data centrally accessible to the 
applications that manage each vendor's Storage arrayS. Stor 
age management data is critical to any Storage architecture; 
it includes, for instance, configuration Settings associated 
with each Storage array. Conventionally, applications aggre 
gate the Storage management data from the Storage arrayS 
and assimilate the results in isolation from other applica 
tions. However, if the various applications are not well 
integrated and coordinated, then the quality and timelineSS 
of the Storage data can be impacted. 
0008. Therefore, there is a need for a system and method 
for flexibly managing Storage. Furthermore, there is a need 
to centrally provide Storage management data, where the 
Storage management data can be accessed by each of the 
applications in order to provide a consistent representation 
of a Storage environment. 

SUMMARY OF THE INVENTION 

0009. According to one aspect of the present invention, a 
method of managing Storage acroSS a heterogeneous Storage 
environment is presented. A Storage management applica 
tion is provided that is interfaced to a host application. A 
plurality of Storage resource provider modules is associated 
with the Storage management application. Moreover, Storage 
management data is Stored on a Storage management data 
Store. The Storage management data is associated with the 
Storage management application and with each of the Stor 
age resource provider modules. Further, the Storage man 
agement application accesses the data Store when receiving 
a request to access a Selected Storage resource from the host 
application in order to be assigned to one of the Storage 
resource provider modules by the data Store. The assigned 
Storage resource provider module retrieves and Stores Stor 
age management data from and to the data Store in order to 
Satisfy the request. 
0010. According to another aspect of the present inven 
tion, a Storage management architecture System is provided. 
The Storage management architecture System includes a 
plurality of Storage resources, a plurality of Storage resource 
provider modules, and a storage management data Store 
having Storage management data. Each of the Storage 
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resource provider modules interfaces with a different Storage 
resource, and Stores and retrieves Storage management data 
from and to the data Store in order to maintain a consistent 
Storage environment representation in the data Store. 
0011. According to yet another aspect of the present 
invention, another Storage management architecture System 
is disclosed. The Storage management architecture System 
includes a plurality of Storage resources, where each Storage 
resource includes an interface used to perform Storage 
management operations on the Storage resources, and where 
two or more of the interfaces are different from one another. 
The Storage management architecture System also includes a 
plurality of Storage resource provider modules, where each 
Storage resource provider module communicates with one of 
the interfaces. Additionally, the Storage management archi 
tecture System includes a Storage management data Store 
capable of Storing Storage management data associated with 
the Storage management operations. The Storage resource 
provider modules act as an intermediary on behalf of a 
calling application when processing the Storage manage 
ment operations, and the provider modules retrieve and Store 
results associated with processing the Storage management 
operations in the data Store. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 shows a flow diagram of one method for 
providing Storage architectures, according to the present 
invention; 

0013 FIG.2 shows a flow diagram of another method for 
providing Storage architectures, according to the present 
invention; 
0.014 FIG. 3 shows a block diagram of one storage 
architecture System, according to the present invention; and 
0.015 FIG. 4 shows a block diagram of another storage 
architecture System, according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0016. In the following detailed description of various 
embodiments of the present invention, reference is made to 
the accompanying drawings that form a part hereof, and in 
which is shown by way of illustration specific embodiments 
in which the invention may be practiced. It is to be under 
stood that other embodiments may be utilized and structural 
changes may be made without departing from the Scope of 
the present invention. 
0017 AS used herein a “storage management applica 
tion' includes Software modules or applications that manage 
Storage resources on behalf of host applications. In Some 
instances, Storage management applications are Volume 
Manager (VM) applications processing in a shared Storage 
environment, such as a Storage Area Network (SAN) envi 
ronment or any networked environment (e.g., TCP/IP using 
iSCSI and others). In other instances, the storage manage 
ment application is a SAN manager application, or other 
Storage management operation, Such as a Snapshot opera 
tion, a mirror operation, and the like. Host applications are 
applications that interface with the Storage management 
applications to gain access to Storage resources. 
0.018. In various embodiments of the present disclosure, 
Storage arrays include storage resources, Software (e.g., 
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native storage array provided interfaces) to access the Stor 
age resources, controllers, memory, power Supplies, and the 
like. Storage resources can include whole Storage arrayS, 
Storage disks, communication ports, Logical Unit Numbers 
(LUNs) assigned to communication ports, Access Control 
Lists (ACLs), Host Bus Adapters (HBAS), virtual storage 
disks assigned by the Storage arrayS, bindings, and the like. 
The Storage arrays typically include front-end adapter inter 
faces that are accessible to the host applications to access the 
Storage resources and back-end adapter interfaces that the 
Storage array uses to control the Storage resources directly. 
0019. In various embodiments of the present disclosure, 
the front-end adapter interfaces are interfaced to Storage 
resource provider modules. Beneficially, the back-end 
adapter interfaces may remain unchanged with the teachings 
of the present disclosure. Storage arrays themselves may 
additionally be Storage appliances, high-density or blade 
servers, or maybe internally embedded in Switches. More 
over, depending upon the operations being performed on a 
Storage array, a storage array can be designated a host. 
Similarly, under Some conditions, a host can be designated 
a Storage array. 

0020 FIG. 1 illustrates a block diagram of one storage 
architecture System 100, according to the present invention. 
The storage architecture system 100 includes a plurality of 
storage provider resource modules (e.g., 110.1-110.M) and a 
Storage management Data Store (DS) 130 having Storage 
management data (e.g., configuration Settings) associated 
with storage resources (e.g., 240.1-140.N) of a storage 
environment for the storage architecture system 100. 
0021. Each of the storage resource provider modules 110 
is implemented to interface with a different Storage resource 
140. The storage resource provider modules 110 store and 
retrieve storage management data from and to the DS 130. 
In this way, the Storage resource provider modules 110 assist 
in maintaining a consistent and Stable Storage environment 
representation within the DS 130, when storage manage 
ment data is altered or otherwise accessed. This Storage 
environment representation is centrally managed and avail 
able through the DS 130 to the storage resource provider 
modules 110 and any other application processing in the 
storage environment. ADS 130 is described in U.S. patent 
application Ser. No. 10/113,394, the description of which is 
incorporated by reference herein. 
0022. In one embodiment, the Storage management archi 
tecture System also includes a Storage management applica 
tion (e.g., VM, SAN manager, or other storage operation) 
(not shown in FIG. 1). The Storage management application 
receives Storage management operations from a plurality of 
host applications. These operations are inspected by the 
Storage management application to determine the appropri 
ate Storage resource 140 that is impacted by the operations. 
The DS 130 is then queried to determine the appropriate 
storage resource provider module 110 needed in order to 
process the operations on behalf of the Storage management 
application. Results associated with the operations are made 
available to the Storage management application in the DS 
130. In this way, the Storage management application indi 
rectly interfaces with each of the storage resources 140 
through the Storage resource provider modules 110. 
0023. In one embodiment, the storage resources 140 are 
Storage arrays having disparate interfaces that are needed to 
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perform Storage management operations on them. Interfaces 
are disparate when the commands, naming Standards, calling 
Syntaxes, and/or parameter orders are different. In Some 
cases, the interfaces are disparate when different vendors 
provide the Storage arrays or when different versions/re 
leases of Storage arrays are not compatible. 

0024. In some instances, a plurality of host applications 
are permitted access to DS 130 in order to acquire the 
Storage management data. The host applications can use the 
Storage management data to make decisions about whether 
to process a particular Storage management operation. In this 
way, the DS 130 is available for use by any application 
within the Storage environment, and any application altering 
the Storage management data can directly or indirectly cause 
the Storage management data to be updated within the DS 
130. Thus, operations performed by applications are coor 
dinated, synchronized, and managed through the DS 130, 
without requiring code modifications to each of the appli 
cations operating within the Storage environment. 
0.025 The DS 130 provides access and update methods to 
the Storage resource provider modules 110 and any other 
applications processing within the Storage environment. In 
Some cases, the methods can be restricted based on Security 
Such that Some methods are publicly available for use, and 
other methods are private having restricted use. This ensures 
that a rogue application cannot inadvertently alter the Stor 
age management data in a manner that is undesirable. 
Security can also be provided using any Public Key Infra 
Structure (PKI) technique, Such as public-private key 
encryption, authentication using certificates, and/or autho 
rization. 

0026. Another embodiment includes storage manage 
ment data that has configuration Settings associated with 
Storage residing within the Storage resources 140 along with 
State information associated with the Storage resources 140. 
Thus, the Storage provider resource modules 110 can acquire 
the state information from the DS 130 to determine when 
Storage management operations can be permissibly pro 
cessed on the appropriate Storage resources 140 or when 
Some Storage management operations must be held in abey 
ance until a State changes within a storage resource 140. 

0.027 FIG. 2 illustrates a flow diagram of one method 
200 for managing Storage acroSS System 100, according to 
the present invention. System 100 includes a variety of 
applications that acceSS and manage Storage. IN one 
embodiment, Storage management data is provided to the 
applications in order to assist in accessing Storage or man 
aging the configuration Settings of the Storage. 

0028. In some embodiments, the applications are layered 
Such that applications at higher levels of abstraction receive 
Storage management data that is virtualized. Additionally, 
applications at lower levels of abstraction receive Storage 
management data that is leSS Virtualized or, in Some cases, 
data that represents physical mappings of Storage within a 
Storage resource. In one Such embodiment, a Storage 
resource 140 represents a Storage entity that includes Storage 
management data about Storage embodied by the Storage 
entity. In various embodiments of the present disclosure, a 
Storage resource 140 is a Storage array. 

002.9 Each storage array includes an interface (e.g., a set 
of commands, operations, and the like) that permits other 
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applications to perform Storage operations on each of the 
Storage arrayS. These operations can be used to acquire 
existing Storage management data (e.g., configuration Set 
tings). Alternatively, the operations can be used to alter the 
configurations of Storage, thus, altering the Storage manage 
ment data within the Storage arrayS. In a Single Storage 
architecture that is used to manage a storage environment, a 
plurality of disparate Storage arrays can be in use. 
0030. As noted above, disparate storage arrays have 
different interfaces, which are used to perform Storage 
operations. Different interfaces can include different naming 
procedures for commands, different Syntaxes for the com 
mands, and/or different ordering for parameters that are 
passed to the commands. Typically, Storage arrayS provided 
by different vendors will have disparate interfaces. However, 
in Some cases, Storage arrays provided by the same vendor 
can have disparate interfaces, Such as when different Ver 
Sions/releases of one Storage array is not compatible with 
another Storage array. 
0031 in the method 200, at 210, a plurality of storage 
resource provider modules 110 is provided for system 100. 
Each Storage resource provider module 110 acts as an 
intermediary on behalf of other applications in order to 
perform Storage operations on a storage resource 140. The 
Storage operations are accessed by the other applications 
using a consistent interface (e.g., consistent calling Syntax, 
naming standard, and parameter passing order). 
0032. This consistent interface is used as a front-end 
interface for each of the Storage resource provider modules 
110 and is used for interactions between the other applica 
tions and the storage resource provider modules 110. In this 
way, the other applications need not know the individual 
disparate interfaces, which may be needed, to access dis 
parate Storage resources 140 within the architecture. Each 
Storage resource provider module 110 also includes a unique 
back-end interface used to directly communicate with a 
Specific Storage resource 140. The Storage resource provider 
modules 110 translate Storage operations requested by the 
other applications from the front-end interface to an appro 
priate back-end interface in order to act as an intermediary 
to the storage resources 140 on behalf of the other applica 
tions. One Such interface is described in U.S. patent appli 
cation Ser. No. 10/175,029, which is incorporated by refer 
ence herein. 

0033. At 220, storage management is stored within stor 
age management data store (DS) 130. DS 130 acts as a 
central data repository for all Storage management data in 
the architecture. The storage resource provider modules 110 
and other applications can access the DS 130 to acquire 
Storage management data (e.g., Storage configuration Set 
tings). Moreover, Storage resource provider modules 110 can 
update Storage management data in DS 130. In Some cases, 
the other applications, can also update the Storage manage 
ment data in DS 130. 

0034. In one embodiment, DS 130 is available to storage 
resource provider modules 110 and the other applications 
over a data bus. Furthermore, DS 130 can be a single 
database or a plurality of databases interfaced together. DS 
130 can be implemented in volatile storage, non-volatile 
Storage, or in a combination of volatile and non-volatile 
storages. Access to DS 130 can be achieved with any 
existing or custom-developed Application Programming 
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Interface (API) library. DS 130 maintains a consistent rep 
resentation of the storage environment for system 100. This 
consistent representation is embodied in the Storage man 
agement data. 
0035) Thus, at 230, DS 130 is accessed to manage the 
storage environment. Please note, DS 130 and the storage 
management data can be used to interface the various 
applications, the Storage resource provider modules 110, and 
the Storage resources 140. For example, if a first application 
wants to perform a first Storage operation on a first Storage 
resource 140.1, then the first application can access DS 110 
providing DS 110 with the storage resource 140.1. DS 130 
then determines that the Storage resource 140.1 is associated 
with a first storage resource provider module 110.1, and 
activates a call to the first Storage resource provider module 
110.1 to interact with the first application and the first 
Storage resource 140.1. The first Storage resource provider 
module 110.1 then translates the first storage operation by 
using its front-end and back-end interfaces into commands 
recognized by the first storage resource 140.1. The first 
Storage resource 140.1 processes the commands, and the 
updated Storage management data is provided to DS 130. 
The first application can then obtain the updated Storage 
management data from DS 130. In this way, DS 130 and the 
Storage management data are used to interface the various 
components of the storage architecture (e.g., the applica 
tions, the Storage resource provider modules, and the Storage 
resources). 
0036. In one embodiment, this is achieved by represent 
ing the Storage resources 140 as Storage objects having 
public and private accessible methods. The Storage objects 
can be arranged hierarchically and managed by DS 130. In 
this way, the DS 130 can use the storage resource's methods 
to resolve and bind the appropriate Storage resource provider 
modules 110 to the appropriate storage resources 140. 
0037 As one of ordinary skill in the art now appreciates, 
Storage architectures can be provided by implementing 
method 200, where the architectures are more flexibly 
managed. Moreover, the architectures permit the integration 
of new applications with minimal or no code changes 
required of existing applications. Conventionally, the inte 
gration of new applications required significant coding 
changes to existing applications, Since Storage management 
data was not centrally accessible to the applications, and was 
therefore passed and carried around in Storage by each of the 
applications during processing. Furthermore, there is no 
requirement with the present invention for operations to be 
processed Synchronously since asynchronous operations are 
also permissible. Additionally, DS 130 can include task 
objects that when accessed provide the current State, Status, 
or progreSS of a previously requested and/or pending opera 
tions. Additionally, new provider modules 110 can be 
dynamically integrated and installed into DS 130, thereby 
providing continuity of service. Also, DS 130 can issue 
alerts to applications indicating when high priority changes 
to the Storage environment have occurred. 
0038 FIG. 3 illustrates a flow diagram of another 
method 300 for managing storage across system 100, 
according to the present invention. At 310, a storage man 
agement application is provided. The Storage management 
application can be VM, SAN manager, or other Storage 
management operations, Such as a Snapshot operation, a 
mirror operation, and the like. 
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0039. At 312, the storage management application is 
interfaced to a host application. A host application can be 
any application that accesses Storage located within a Stor 
age resource 140. The Storage management application 
intercepts accesses destined for the Storage resource 140 and 
fulfills the access requests on behalf of the host application. 
In this way, the Storage management application can manage 
Storage more efficiently within a Storage environment. 

0040. At 320, storage resource provider modules 110 are 
asSociated with the Storage management application. In one 
embodiment, each Storage resource provider module 110 
interfaces with a distinct Storage resource 140. All Storage 
resource provider modules 110 include a consistent interface 
(e.g., naming Standard, calling Syntax, parameter order, and 
the like), which is presented to the storage management 
application for use. This consistent interface is used by the 
Storage management application to request that Storage 
operations be performed on a storage resource 140. The 
requested Storage operations can originate from the host 
application. Alternatively, the requested Storage operations 
can originate from the Storage management application, 
Such as when the Storage management application is per 
forming Scheduled operations or when the Storage manage 
ment application detects information in the Storage environ 
ment that warrants a request for a storage management 
operation. 

0041 At 330, a storage management DS 130 is created. 
DS 130 is interfaced to the Storage resource provider mod 
ules 110, the Storage application, and in Some cases, the host 
application. In one embodiment, DS 130 is available via a 
data bus to the Storage management application and the 
storage resource provider modules 110. Further, DS 130 can 
reside in a volatile Storage, a non-volatile Storage, and/or a 
combination of Volatile and non-volatile Storages. 
0042. At 332, Storage management data (e.g., configura 
tion settings and the like) associated with storage residing on 
Storage resources 110 within the Storage environment is 
stored in DS 130. Access to the data is provided via any 
commercially available API (in cases where the DS 130 is a 
commercially available DS 130), via any custom-developed 
API (in cases where the DS 130 is custom developed), via 
any Command Line Interface (CLI), and/or via any protocol. 
Moreover, in one embodiment, DS 130 is accessible via an 
Object Module (OM) architecture, where storage resources 
140 and/or elements residing in the Storage environment are 
represented as objects having methods (e.g., public and 
private) to retrieve and update storage management data. 
0043. The storage management application accesses DS 
130 when receiving a request from the host application to 
access a Selected Storage resource 140 residing within the 
storage environment. The DS 130 access results in the 
Storage management application being directed to an appro 
priate storage resource provider module 110. In an OM 
embodiment, the DS 130 executes a method associated with 
the Storage resource object in order to resolve the interface 
to use with the storage resource 140. The interface is 
provided to the DS 130 as a dynamic pointer to a specific 
Storage resource provider module 110.1. Thus, the Storage 
management application is indirectly assigned the Specific 
storage resource provider 110.1 to act on its behalf when 
Satisfying the request from the host application. AS one 
skilled in the art readily recognizes, this permits Storage 
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resources 140 to have interfaces dynamically added, modi 
fied, and/or deleted, by having the DS 130 resolve the 
interface pointer when access is requested of a Storage 
resource object. 
0044) The assigned storage resource provider module 
110.1 translates the request into formats, Syntax, and com 
mands recognized by the appropriate Storage resource 140.1, 
and permits the Storage resource 140.1 to process the 
request. At 340, Storage management data associated with 
satisfying the request is then updated in the DS 130 by the 
assigned Storage resource provider module 110.1. The 
updated Storage management data is then available to the 
Storage management application to provide to the host 
application. 

0.045. In some embodiments, the storage resource pro 
vider modules 110 also listen for events that occur within 
their assigned Storage resources 140. These events can be 
raised when State changes occur within the Storage resources 
140, Signaling that the storage management data (e.g., 
configuration settings) have been altered. When Such events 
are detected, the Storage resource provider modules 110 can 
automatically and dynamically update the corresponding 
storage management data in the DS 130. In this way, the DS 
130 includes a timely and accurate representation of the 
Storage management data for the entire Storage environment. 
0.046 FIG. 4 illustrates a block diagram of another 
Storage architecture System 400, according to the present 
invention. The storage architecture System 400 includes a 
plurality of storage resources 410.1-410.N., a plurality of 
storage resource provider modules 430.1-430.M., a storage 
management DS 450, and a calling application (CA) 460. 
Each of the Storage resources 410 includes interfaces (e.g., 
commands and operations having Specific calling Syntaxes, 
naming Standards, and parameter orders) that permit the 
processing of Storage management operations thereon. A 
number of the storage resource interfaces 410 are different. 
In other words, the calling Syntaxes, naming Standards for 
commands, and/or parameter ordering for commands are 
different for one Storage resource 410.1 and another Storage 
resource 410.N. 

0047. Each storage resource provider module 430 com 
municates with a specific Storage resource interface 410. The 
Storage resource provider modules 430 act as intermediaries 
between the CA 460 and the storage resources 410. Thus, 
when the CA 460 is requesting a storage management 
operation a Storage resource provider module 430 is called 
(directly or indirectly) to process the Storage management 
operation on behalf of the CA 460. Results associated with 
processing the Storage management operation can be 
retrieved by the CA460 from the DS 450, and stored by the 
appropriate storage resource provider modules 430 in the DS 
450. 

0.048. The DS 450 includes storage management data 
(e.g., configuration Settings or State information associated 
with the storage resources 410. The DS 450 is used to store 
and retrieve Storage management data and provides a cen 
trally located repository for acquiring configuration and State 
information about the Storage environment. In the embodi 
ment shown, DS 450 can be accessed over a network and 
provides an API library permitting access to the DS 450 
from external applications (e.g., the CA 460 or the Storage 
resource provider modules 430). 

Feb. 17, 2005 

0049. The CA 460 can also, in some embodiments, 
acquire Storage management data directly from the DS 450. 
The CA 460 can also use the DS 450 to determine the 
appropriate Storage resource provider module 430 that is to 
be used to process a Storage management operation on an 
appropriate storage resource 410. For example, the CA 460 
can query the DS 450 with a storage resource identifier to 
acquire a dynamic pointer reference to an appropriate Stor 
age resource provider module 430. 
0050. Of course it is readily apparent to one of ordinary 
skill in the art, that a variety of other techniques can be used 
to resolve which storage resource provider module 430 is 
appropriate for the CA 460 in any given circumstance. For 
example, the CA 460 can acceSS methods of a Storage 
resource object, where internally the Storage resource object 
was instantiated and includes private methods to bind an 
appropriate Storage resource provider module. All Such 
techniques are intended to fall within the Scope of the 
present disclosure. 
0051. The CA 460 can be a storage management appli 
cation or a host application. Moreover, the CA 460 is 
presented by each of the Storage resource provider modules 
430 with a consistent calling Syntax to perform Storage 
management operations. Each of the Storage resource pro 
vider modules 430 translates the consistent calling syntax 
into a specific Syntax recognized by their assigned Storage 
resource interfaces 410. 

Conclusion 

0052 The methods and systems discussed above permit 
improved Storage architectures. These architectures include 
Storage resource provider modules that act as gatekeepers 
for Storage resources in a storage environment. The Storage 
resource provider modules also permit other applications to 
proceSS Storage management operations using a consistent 
calling Syntax, naming Standard, and parameter order. Each 
Storage resource provider module communicates directly 
with one of the Storage resources. Moreover, the architec 
tures include a Storage management DS that centrally pro 
vides Storage management data (e.g., configuration Settings 
and state information) for all the storage resources. The DS 
is accessed and updated by the Storage resource provider 
modules, and in Some instances other applications proceSS 
ing within the Storage environment. 
0053 As one of ordinary skill in the art now appreciates 
upon reading the present disclosure, the methods and SyS 
tems presented in this disclosure permit more flexible imple 
mentations of Storage management architectures that are 
easier to develop and maintain. Moreover, newly developed 
applications can be more robust, Since they can be integrated 
within the Storage architecture independent of the coding 
details associated with other existing applications. The DS 
of the present disclosure permits applications to operate 
independent of one another, Since the DS includes a con 
Sistent and Stable representation of the Storage environment 
at any particular moment. 
0054 Although specific embodiments have been illus 
trated and described herein, it will be appreciated by one of 
ordinary skill in the art that any arrangement that is calcu 
lated to achieve the same purpose may be Substituted for the 
Specific embodiments shown. This application is intended to 
cover any adaptations or variations of the present invention. 
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Therefore, it is intended that this invention be limited only 
by the claims and the equivalents thereof. 
What is claimed is: 

1. A method of managing Storage acroSS a heterogeneous 
Storage environment, comprising: 

providing a storage management application interfaced to 
a host application; 

asSociating a plurality of Storage resource provider mod 
ules with the Storage management application; 

Storing Storage management data on a Storage manage 
ment data Store, and 

asSociating the Storage management data with the Storage 
management application and with each of the Storage 
resource provider modules, 

wherein the Storage management application accesses the 
data Store when receiving a request to access a Selected 
Storage resource from the host application in order to be 
assigned to one of the Storage resource provider mod 
ules by the data Store, and wherein the assigned Storage 
resource provider module retrieves and Stores Storage 
management data from and to the data Store in order to 
Satisfy the request. 

2. The method of claim 1 further comprising, periodically 
updating the data Store by a number of the Storage resource 
provider modules when State changes are detected in Storage 
CSOUCCS. 

3. The method of claim 1 wherein in providing the storage 
management application, the Storage management applica 
tion is at least one of a Volume Manager (VM), a storage 
backup operation, a Storage Snapshot operation, and a Stor 
age area network (SAN) manager. 

4. The method of claim 1 wherein in providing the Storage 
provider resource modules, each of the Storage provider 
resource modules present a consistent calling Syntax to the 
Storage management application for requesting Storage man 
agement operations. 

5. The method of claim 1, wherein providing the data 
Store, the data Store is accessed by at least one of an 
Application Programming Interface (API) Library, and an 
Object Module (OM) architecture having objects with asso 
ciated methods. 

6. The method of claim 1 wherein in providing the data 
Store, the data Store is accessible via a data bus, and the data 
Store resides in at least one of a volatile Storage, a non 
Volatile Storage, and a combination of the Volatile and 
non-volatile Storages. 

7. A Storage management architecture System, compris 
Ing: 

a plurality of Storage resources, 
a plurality of Storage resource provider modules, and 
a Storage management data Store having Storage manage 
ment data; 

wherein each of the Storage resource provider modules 
interfaces with a different Storage resource, and Stores 
and retrieves Storage management data from and to the 
data Store in order to maintain a consistent Storage 
environment representation in the data Store. 

8. The Storage management architecture of claim 7 further 
comprising: 
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a plurality of host applications and a storage management 
application that receives Storage management opera 
tions from the plurality of host applications, 

wherein the Storage management application accesses the 
data Store to Select the Storage resource provider mod 
ules that will process operations on behalf of the 
Storage management application. 

9. The Storage management architecture System of claim 
8 wherein a Storage resource is dynamically bound to a 
Storage resource provider module within the data Store. 

10. The Storage management architecture System of claim 
9, wherein a Storage management application uses the Stor 
age management data included in the data Store to manage 
a Storage environment on behalf of the plurality of host 
applications, and wherein the Storage management applica 
tion uses the Storage resource provider modules to indirectly 
interface with the Storage resources. 

11. The Storage management architecture System of claim 
7, wherein the Storage resources include Storage arrays and 
wherein two or more of the Storage arrays have disparate 
interfaces from one another, where the interfaces are used to 
perform Storage management operations on the Storage 
arrayS. 

12. The Storage management architecture System of claim 
7, wherein the Storage management data is used to make 
decisions about Storage management operations. 

13. The Storage management architecture System of claim 
7, wherein the data Store is a database having acceSS and 
update methods, where a number of the methods are publicly 
available for use and a number of the methods are private 
having restricted use. 

14. The Storage management architecture System of claim 
7, wherein the Storage management data includes Storage 
configuration Settings and States associated with the Storage 
CSOUCCS. 

15. A Storage management architecture System, compris 
ing: 

a plurality of Storage resources, wherein each Storage 
resource includes an interface used to perform Storage 
management operations on the Storage resources, 
wherein two or more of the interfaces are different from 
one another, 

a plurality of Storage resource provider modules, wherein 
each Storage resource provider module communicates 
with one of the interfaces, and 

a storage management data Store capable of Storing Stor 
age management data associated with the Storage man 
agement operations, 

wherein the Storage resource provider modules act as an 
intermediary on behalf of a calling application when 
processing the Storage management operations, and the 
provider modules retrieve and Store results associated 
with processing the Storage management operations in 
the data Store. 

16. The Storage management architecture System of claim 
15, wherein the calling application is at least one of a host 
application and a storage management application. 
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17. The Storage management architecture System of claim 
15, wherein the calling application retrieves the Storage 
management data from the data Store. 

18. The Storage management architecture System claim 
15, wherein the Storage resource provider modules acceSS 
the data Store is accessible over a network. 

19. The Storage management architecture System of claim 
15, wherein the calling application requests one of the 
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Storage management operations by calling a storage resource 
provider module associated with a particular Storage 
CSOUCC. 

20. The Storage management architecture System of claim 
15, wherein the provider modules provide consistent calling 
Syntaxes to the calling application for requesting the Storage 
operations. 


