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METHOD, APPARATUS AND PROGRAM STORAGE DEVICE FOR PROVIDING AUTOMATIC
PERFORMANCE OPTIMIZATION OF VIRTUALIZED STORAGE ALLOCATION WITHIN A
VIRTUALIZED STORAGE SUBSYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates in general to network storage systems, and
more particularly to a method, apparatus and program storage device for
providing automatic performance optimization of virtualized storage

allocation within a virtualized storage subsystem.

Description of Related Art

In enterprise data processing arrangements, such as may be used in a
company, government agency or other entity, information is often stored on
servers and accessed by users over, for example, a network. The
information may comprise any type of information that of programs and/or
data to be processed. Users, using their personal computers,
workstations, or the like (generally, "computers") will enable their
computers to retrieve information to be processed, and, in addition, to

store information, for example, on remote servers.

Generally, servers store data in mass storage subsystems that
typically include a number of disk storage units. Data is stored in
units, such as files. 1In a server, a file may be stored on one disk
storage unit, or alternatively portions of a file may be stored on several
disk storage units. A server may service access requests from a number of
users concurrently, and it will be appreciated that it will be preferable
that concurrently serviced access operations be in connection with
information that is distributed across multiple disk storage units, so
that they can be serviced concurrently. Otherwise stated, it is generally
desirable to store information in disk storage units in such a manner that
one disk drive unit not be heavily loaded, or busy servicing accesses, and

while others are lightly loaded or idle.

A computer network of a business may have multiple storage networks
that are located remote from one another and a business user. The storage
networks may also be hosted on different types of systems. To perform the
job correctly, the business user may require fast and reliable access to

the data contained in all of the storage networks. Information Technology
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(IT) employees must be able to provide high-speed, reliable access to the

business users.

Storage area networks (SANs) are high-speed, high-bandwidth storage
networks that logically connect the data storage devices to servers. The
business user, in turn, is typically connected to the data storage devices
through the server. SANs extend the concepts offered by traditional
server/storage connections and deliver more flexibility, availability,
integrated management and performance. SANs are the first IT solutions to
allow users access to any information in the enterprise at any time.
Generally the SAN includes management software for defining network
devices such as hosts, interconnection devices, storage devices, and
network attach server (NAS) devices. The SAN management software also
allows links to be defined between the devices. Within SANs software can
define virtual storage where data is stored across a number of storage

disks while being characterized as a single virtual disk.

One important component in reaching this goal of providing
high-speed, reliable access to the business users is to allow the SAN to
be fully understood by those designing and maintaining the SAN. It is
often difficult to quickly understand the SAN due to its complexity.
Tools that allow the configuration of the SAN and virtual systems within

the SAN to be understood and changed quickly are beneficial.

One of the advantages of a SAN is the elimination of the bottleneck
that may occur at a server, which manages storage access for a number of
clients. By allowing shared access to storage, a SAN may provide for
lower data access latencies and improved performance. However, in a large
storage network such as SAN attached storage, it is difficult for a
storage administrator to know where to allocate an increment of storage so
that the newly allocated space achieves the best possible performance, due
to the complexity of the network which can include a number of virtualized
storage subsystems, the complexity of analyzing workloads, and that

physical storage attributes may be hidden from the application.

In the past, storage allocation for large storage environments has
been performed manually. Storage management software that can allocate or
recommend where to allocate storage based on a number of algorithms is
available. Nevertheless, these algorithms do not actually attempt to
satisfy production performance requirements within the constraints of

available storage including virtual storage systems within SANs.
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SUMMARY OF THE INVENTION

The present invention discloses a method, apparatus and program
storage device for providing automatic performance optimization of

virtualized storage allocation within a virtualized storage subsystem.

According to a first aspect, there is provided a program storage
device, comprising: program instructions executable by a processing
device to perform operations for managing storage allocation in a virtual
storage system, the operations comprising: evaluating workload profiles;
determining performance characteristics of managed disks; determining
relationships between the managed disks and resource groups; and
recommending allocation of at least one virtual disk comprising a set of
the managed disks based on resource groups that the managed disks are

allocated to.

In one embodiment, the operations further comprise defining the

workload profiles.

In one embodiment, the operations further comprise creating a
virtual disk comprising a set of the managed disks based on resource

groups that the managed disks are allocated to.

In one embodiment, the determining relationships is based on user

input.

In one embodiment, the determining relationships is based on

automatically provided input.

In one embodiment, the creating a virtual disk further comprises
creating a plurality of virtual disks within the set of managed disks

based on the resource groups to which the managed disks are allocated.

In one embodiment, locations for virtual disks are selected by
identifying a set of performance properties associated with a set of
managed disks and resource groups including throughput capabilities for
specific workloads and optimal resource utilization is estimated based on
performance properties associated with a set of managed disks and resource

groups.

In one embodiment, defining workload profiles further comprises

selecting at least one selected from the group consisting of quantity of
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desired storage, identification of characteristics of the workload and

desired level of throughput, and allocation hints.

In one embodiment, performance capabilities of managed disks are

obtained.

In one embodiment, obtaining performance capabilities of managed
disks further comprises providing manual input indicating performance

capabilities of managed disks.

In one embodiment, obtaining performance capabilities of managed
disks further comprises receiving performance capabilities from a managed

disk configurator.

In one embodiment, the receiving performance capabilities from a
managed disk configurator further comprises obtaining information on the
performance characteristics of managed disks and their associated resource
groups, wherein the resources groups identify potential relationships

between managed disks.

In one embodiment, the obtaining performance capabilities of managed
disks further comprises performing a controlled calibration and using the

results from the controlled calibration.

In one embodiment, the performing a controlled calibration comprises
running a specified I/0 load against the managed disks to identify

behavior of the managed disks.

In one embodiment, the obtaining performance capabilities of managed
disks further comprises performing an uncontrolled calibration and using

the results from the uncontrolled calibration.

In one embodiment, the performing an uncontrolled calibration
comprises analyzing the performance behavior as applications run as

uncontrolled workloads to identify behavior of the managed disks.

In one embodiment, the obtaining performance capabilities of managed

disks further comprises receiving input from a user through an interface.

In one embodiment, the determining performance characteristics of
managed disks further comprises identifying resource groups the managed

disks belong to.
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According to one embodiment, there is provided a program storage
device, comprising: program instructions executable by a processing
device to perform operations for managing storage allocation in a virtual
storage system, the operations comprising: defining workload profiles;
determining performance characteristics of managed disks; determining
relationships between the managed disks and resource groups; and creating
a virtual disk comprising a set of the managed disks based on resource

groups that the managed disks are allocated to.

According to one embodiment, there is provided a device for managing
storage allocation in a virtual storage system is provided. The device
includes a memory for storing storage system information and a processor
coupled to the memory. The processor is configured to provide a user
interface for use in defining workload profiles and a virtual disk
allocator for determining performance characteristics of managed disks,
for determining relationships between managed disks and resource groups
based on user defined or automated inputs and for creating a virtual disk
comprising a set of the managed disks considering the resource groups to

which the managed disks are allocated.

In one embodiment, the processor creates one or more virtual disks
within the set of managed disks considering the resource groups to which

the managed disks are allocated.

In one embodiment, the processor allocator recommends locations for
virtual disks by identifying a set of performance properties associated
with a set of managed disks and resource groups including throughput
capabilities for specific workloads and estimating optimal resource
utilization based on performance properties associated with a set of

managed disks and resource groups.

In one embodiment, the workload profiles comprise at least one
selected from the group consisting of quantity of desired storage,
identification of characteristics of the workload and desired level of

throughput, and allocation hints.

In one embodiment, the processor provides a graphic interface.

In one embodiment, the processor provides a scripted application

using a command line interface.
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In one embodiment, the processor provides a scripted application

using an application programming interface (API)).

In one embodiment, the processor determines performance capabilities
of managed disk using at least one from the group comprising manual input,
a managed disk configurator, controlled calibration results, uncontrolled

calibration results and standard interface input.

In one embodiment, the manual input comprises a selection from

performance profiles of managed disks.

In one embodiment, the manual input comprises a selection from

performance profiles resource group.

In one embodiment of the present invention, a method for managing
storage allocation in a virtual storage system is provided. The method
includes obtaining user defined workload profiles, determining performance
characteristics of managed disks, determining relationships between
managed disks and resource groups based on user defined or automated
inputs, and creating a virtual disk comprising a set of the managed disk

considering the resource groups to which the managed disks are allocated.

According to another aspect, there is provided a method comprising:
evaluating workload profiles; determining performance characteristics of
managed disks; determining relationships between the managed disks and
resource groups; and recommending allocation of one or more virtual disks
comprising a set of the managed disks based on resource groups that the

managed disks are allocated to.

According to one embodiment, there is provided a volume provisioning
advisor for managing storage allocation in a virtual storage system is
provided. The volume provisioning advisor includes a user interface for
use in defining workload profiles and a virtual disk allocator,
operatively coupled to the user interface, the virtual disk allocator
determining the performance characteristics of managed disks, determining
relationships between managed disks and resource groups based on user
defined or automated inputs and creating a virtual disk comprising a set
of the managed disks considering the resource groups to which the managed

disks are allocated.

In one embodiment, the workload profiles comprise at least one

selected from the group consisting of quantity of desired storage,
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identification of characteristics of the workload and desired level of

throughput, and allocation hints.

In one embodiment, a resource group comprises a name, performance

attributes and a set of managed disks that belong to the resource group.

In one embodiment, a managed disk belongs to one or more resource
group, wherein a resource groups identifies potential relationships among

managed disks.

According to another aspect, there is provided a volume provisioning
advisor for managing storage allocation in a virtual storage system,
comprising: a workload evaluator to evaluate workload profiles; and a
virtual disk allocator, operatively coupled to the user interface, the
virtual disk allocator determining the performance characteristics of
managed disks, determining relationships between managed disks and
resource groups and recommending allocation of one or more virtual disks
comprising a set of the managed disks based on the resource groups to

which the managed disks are allocated.

According to another embodiment, there is provided a volume
provisioning advisor for managing storage allocation in a virtual storage
system, comprising: means for obtaining user defined workload profiles;
means for determining performance characteristics of managed disks; and
means for recommending allocation of virtual disks comprising a set of the
managed disks considering the resource groups to which the managed disks

are allocated.

In another embodiment of the present invention, another volume
provisioning advisor is provided. This embodiment of a volume provisioning
advisor includes means for obtaining user defined workload profiles, means
for determining performance characteristics of managed disks, means for
determining relationships between managed disks and resource groups based
on user defined or automated inputs, and means for creating a virtual disk
comprising a set of the managed disk considering the resource groups to

which the managed disks are allocated.

According to another embodiment, there is provided another volume
provisioning advisor. This volume provisioning advisor includes means for
obtaining user defined workload profiles, means for determining

performance characteristics of managed disks and means for creating a
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virtual disk comprising a set of the managed disk considering the resource

groups to which the managed disks are allocated.

According to another embodiment, there is provided a method for
managing storage allocation in a virtual storage system, comprising:
obtaining user defined workload profiles; determining performance
characteristics of managed disks; recommending allocation of virtual disks
comprising a set of the managed disks considering the resource groups to

which the managed disks are allocated.

In one embodiment, a virtual disk is created comprising a set of the
managed disk considering the resource groups to which the managed disks

are allocated.

In one embodiment, creating a virtual disk further comprises
identifying a set of performance properties associated with a set of
managed disks and resource groups including throughput capabilities for
specific workloads and estimating resource utilization derived from the
identified set of performance properties associated with a set of managed

disks and resource groups.

In one embodiment, the obtaining user defined workload profiles
further comprise selecting at least one from the group consisting of
quantity of desired storage, identification of characteristics of the

workload and desired level of throughput, and allocation hints.

In one embodiment, the determining performance capabilities of
managed disks comprises using at least one from the group consisting of
manual input, obtain configuration data, controlled calibration results,

uncontrolled calibration results and standard interface input.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described, by way
of example only, and with reference to the following drawings (like

reference numbers represent corresponding parts throughout):

Fig. 1 illustrates a computer network in the form of a local area

network;
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Fig. 2 shows one embodiment of a storage area network according to
an embodiment of the present invention;

Fig. 3 illustrates a table of attributes incorporated into the
virtual disk allocator according to an embodiment of the present

invention;

Fig. 4 illustrates mechanisms for a user interface to obtain
workload profiles for use by the virtual disk allocator in allocating
managed disks to resource groups according to an embodiment of the present

invention;

Fig. 5 illustrates mechanisms for determining the performance
capabilities of managed disks in accordance with one embodiment of the

present invention;

Fig. 6 illustrates a data structure used by the virtual disk
allocator to abstract the important performance elements in a virtualized

storage subsystem according to an embodiment of the present invention; and
Fig. 7 illustrates a flow chart of the method for managing storage
allocation in a virtual storage system according to an embodiment of the

present invention.

DETATILED DESCRIPTION OF THE INVENTION

In the following description of the embodiments, reference is made
to the accompanying drawings that form a part hereof, and in which is
shown by way of illustration the specific embodiments in which the
invention may be practiced. It is to be understood that other embodiments
may be utilized because structural changes may be made without departing

from the scope of the present invention.

The present invention provides a method, apparatus and program
storage device for providing automatic performance optimization of

virtualized storage allocation within a virtualized storage subsystem.

Fig. 1 illustrates a computer network 100 in the form of a local
area network (LAN). In Fig. 1, workstation nodes 102 are coupled to a
server 120 via a LAN interconnection 104. Data storage 130 is coupled to
the server 120 via data bus 150. LAN interconnection 100 may be any

number of network topologies, such as Ethernet.
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The network shown in Fig. 1 is known as a client-server model of
network. Clients are devices connected to the network that share services
or other resources. A server 120 administers these services or resources.
A server 120 is a computer or software program, which provides services to
clients 102. Services that may be administered by a server include access
to data storage 130, applications provided by the server 120 or other

connected nodes (not shown), or printer sharing 160.

In Fig. 1, workstations 102 are clients of server 120 and share
access to data storage 130 that is administered by server 120. When one
of workstations 102 requires access to data storage 130, the workstation
102 submits a request to server 120 via LAN interconnect 100. Server 120
services requests for access from workstations 102 to data storage 130.
Possible interconnect technologies between server and storage are Fibre

Channel protocol (FCP) or small computer systems interface (SCSI).

As networks such as shown in Fig. 1 grow, new clients 102 may be
added, more storage 130 may be added and servicing demands may increase.
As mentioned above, server 120 will service all requests for access to
storage 130. Consequently, IO load on storage 130 may increase
dramatically, and the workload on server 120 may increase dramatically
resulting in the possibility of performance decline. To help reduce the
bandwidth limitations of the traditional client server model, Storage Area
Networks (SAN) have become increasingly popular in recent years. Storage
Area Networks interconnect servers and storage at high speeds. By
combining existing networking models, such as LANs, with Storage Area

Networks, performance of the overall computer network may be improved.

Fig. 2 shows one embodiment of a SAN 200 according to an embodiment
of the present invention. In Fig. 2, servers 202 are coupled to data
storage devices 230 via SAN interconnect 204. Each server 202 and each
storage device 230 is coupled to SAN interconnect 204. Servers 202 have
direct access to any of the storage devices 230 connected to the SAN
interconnect. SAN interconnect 204 can be a high speed interconnect, such
as Fibre Channel or SCSI. As Fig. 2 shows, the servers 202 and storage

devices 230 comprise a network in and of themselves.

In the SAN 200 of Fig. 2, no server 202 is dedicated to a particular
storage device 230 as in a LAN. Any server 202 may access any storage
device 230 on the SAN 200 in Fig. 2. Typical characteristics of a SAN 200
may include high bandwidth, a multitude of paths from server to storage

nodes, a large connection distance, and a very large storage capacity.
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Consequently, with the complexity of SAN, the performance, flexibility,
and scalability of a Fibre Channel-based SAN 200 may be significantly
greater than that of a typical SCSI based system.

Fig. 2 also shows a network administrator 270 coupled to the SAN
interconnect 204. Effectively allocating storage 230 in a SAN 200 in a
manner that exploits all available SAN resources, from disks to data
paths, and that provides for adequate data protection and recoverability
is of particular importance. The administrator 270 may be configured to
aid in the selection of storage locations within a large network of
storage elements. The administrator 270 includes a virtual disk allocator
(VDA) 272 that, according to an embodiment of the present invention,
processes input/output storage allocation in accordance with a customer’s
specified performance and space requirements, given a level of desired
performance, attributes of the user’s workload, the varying performance
attributes of storage and its response to different types of workloads,

and the presence of competing workloads within the network.

The virtual disk allocator 272 satisfies requests for storage within
the network of storage elements in such a way as to meet the performance
requirements specified with the request, or through a storage policy
mechanism. The virtual disk allocator 272 can operate in environments
such as IBM® 2145 SAN Volume Controller (SAN VC), which is a virtualized
storage subsystem. (IBM is a registered trademark of International
Business Machines Corporation.) The virtual disk allocator 272 determines
performance characteristics of managed disks. The virtual disk allocator
272 determines relationships between managed disks and resource groups
based on user defined or automated input, and creates a virtual disk that
includes a set of the managed disks, taking into consideration the
resource groups, and the resource group storage resources such as cache

and data paths, to which the managed disks are allocated.

The virtual disk allocator 272 extends the policy-based aspects to
Open System Environments and automates the selection of storage elements
within virtualized storage subsystems to meet performance requirements.
Recommending the selected storage elements within the virtualized storage
system allows for optimal usage of striped or composite volumes supported
by the 0S or Volume Manager software, or applications (such as database
applications) which support the concept of striped volumes, such as DB2®
and other database products. (DB2 is a registered trademark of
International Business Machines Corporation.) The virtual disk allocator

272 also extends the notions of allocating storage taking into
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consideration long-term data usage patterns. The virtual disk allocator
272 incorporates various algorithms required to make intelligent choice of

data placement.

The virtual disk allocator 272 may make determinations of which
nodes, i.e., engines such as the virtualization engine 274, may access the
data, and which managed disk groups (MDGs), groups of disks supporting a
virtual disk, would compose the LUNs to be selected. Within the MDG is at
least one managed disk, which is used by a virtualization engine 274 and
volume manager 276 to stripe data within the virtual disk, which is
comparable to logical disks in Enterprise Storage Systems (ESS). The
virtual disk allocator 272 can thus select a LUN or a plurality of LUNs in
multiple resource groups across multiple storage elements in order to meet

the customer’s desired level of performance.

The administrator may perform a calibration process 278 to discover
the performance capabilities of the underlying disks. This would entail
running specific tests to discover the performance parameters of those
groups of disks, as opposed to merely using specific knowledge about the
performance capabilities of the disks organized in specific configurations

in resource groups.

Fig. 3 illustrates a table 300 of attributes incorporated into the
virtual disk allocator 272 according to an embodiment of the present
invention. These include understanding of the user workload attributes
and desired levels of performance 310, determining performance
characteristics of managed disks or arbitrary resource groups 312,
determines relationships between managed disks and resource groups based
on user defined or automated input 314, and creating a virtual disk having
a set of managed disks 316, taking into consideration the resource groups

to which the managed disks are allocated.

It is almost impossible to make intelligent data placement decisions
without having a rudimentary understanding of the application workload
requirements, or at least making reasonable assumptions about those
workloads. For example, if a user asks for 100GB of storage, a light
performance requirement might allow allocating a single 100GB logical
disk, whereas a high performance application might require allocating ten
10GB logical disks across 10 disk arrays, and striping of data across
those logical disks. Unfortunately, when most customers are asked what

their workloads look like, they usually have no idea.
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Fig. 4 illustrates mechanisms 400 for a user interface to obtain
workload profiles for use by the virtual disk allocator 272 in allocating
managed disks to resource groups according to an embodiment of the present
invention. Workload profiles describe characteristics of the workload and
desired level of throughput and can include information such as quantity

of desired storage and allocation hints.

First, canned workload profiles may be provided 410. Referring to
Fig. 2, the virtual disk allocator 272 may provide canned workload
profiles in memory 292. The canned workload profiles 410 may be based on
characterizations of customer environments across various industries and
applications. As examples, a set of named canned workloads, e.g.,
SAP OLTP, DB2 Business Intelligence, etc., may be provided. With some
advice from an application specialist, the customer initially selects one

of these canned workloads 410.

Workload profiles may also be automatically created based on
observations of a customer’s workload 412. Since every customer’s
workload has unique attributes, better workload assumptions can be
obtained by observing storage access patterns in the customer’s
environment. Referring to Fig. 2, the virtual disk allocator 272 may base
many of its decisions on observed disk access behavior, which it maintains
in memory 292 in the form of a database. A user interface, such as a
graphic interface, cooperatively coupled to virtual disk allocator 272,
allows a user to point to a grouping of volumes and a particular window of
time, and then create a workload profiles based on the observed behavior
of those volumes. 1In this way, the virtual disk allocator 272 learns
about a customer’s workload, and enhances its decision-making over time.
Alternatively, the user interface can be a scripted application using the

command line interface (CLI).

Workload profiles may also be provided by intelligent software
components 414. Referring to Fig. 2, the virtual disk allocator 272 may
also include intelligent software components to provide workload profiles.
These workload profiles may be based on special knowledge inherent in an

application.

Fig. 5 illustrates mechanisms 500 for determining the performance
capabilities of managed disks or arbitrary resource groups, hereinafter
managed disks. Managed disk performance capabilities are used by virtual
disk allocator 272 along with workload profiles to allocate the managed

disks to resource groups. Such mechanisms range from manual input from an
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administrator, to automated heuristics for deriving performance
capabilities. Within the range include mechanisms for determining
performance using the calibration of capabilities by use of a calibration

workload, either in a controlled or an uncontrolled storage environment.

One mechanism for determining the performance capabilities of
managed disks includes a manual input approach 510. This approach is a
simple, but less desirable approach to understanding managed disk
performance capabilities. For example, a small number of managed disk
performance profiles could be defined (e.g., “mirrored disk”, “RAID-5
array with 8 disks.” Each of these profiles would have specific default
performance attributes. The administrator would then select the
appropriate profile that matches the managed disk configuration. This
approach would narrow some of the very wide differences in managed disk

performance capability.

Another approach to understanding the performance capabilities of
managed disks involves a managed disk configurator 512. Device-specific
configurators could provide input on the performance characteristics for a
finite set of “understood” disk controllers and the relationship between
the managed disks and the storage controllers. For example, a FAStT900
configurator could provide a uniform technique of creating RAID arrays,
LUNs, and managed disk on a subsystem, and then provide the managed disk
performance assumptions for those managed disk. Configurators could also
dynamically recognize the relationship between the managed disk and the

storage controllers.

In another approach, controlled calibration 514 is used to run a
specified I/0 load against the managed disks while observing the behavior
of managed disks. Ordinarily, controlled calibration would be executed
before space is allocated on the managed disks, although it could be

executed afterward if space were reserved.

In an uncontrolled calibration approach 516, the performance
behavior of managed disks is analyzed as applications run normal workloads
against managed disks. This approach would be used if managed disks were
already assigned (and there is no free space reserved for calibration).

It is also useful to determine if conditions have changed since the
controlled calibration step (e.g., the managed disk is running in degraded
condition). As an example, the uncontrolled calibration might observe

that response times are consistently high at particular load points,
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assuming that this load point more accurately reflects the maximum

throughput capability.

Another approach uses standardized interfaces 518 which may allow
the SMIS specification to provide a conceptual model that identifies LUNs
and the LUN’s associations with physical resources, as well as static

performance capabilities of those elements.

Other approaches similar to those mentioned above can be used to
make allocation decisions. Similarly, combinations of the above-mentioned
approaches can be chosen. For example, administrators might choose to run
a controlled calibration step against the first storage controller of a
particular type configured behind the SAN VC, and then manually assign
attributes for subsequent controllers of that same type, e.g., “these

managed disks look just like those managed disks”.

The workload parameters used by the virtual disk allocator 272 are
selected based on their ability to accurately predict disk storage
performance, and based on their general availability though data
collection tools. The workload parameters used include maximum
throughputs for each of the managed disks, maximum random reads and writes
per second, maximum mixed reads and writes per second, maximum sequential
reads and writes per second, maximum mixed sequential reads and writes per

second and latency at low and maximum loads.

Mixed reads and writes are important to determine whether the
component has bidirectional capability. The short block random operations
are used to determine processing capabilities and costs, and the large
block sequential metrics are used to determine data transfer capabilities

and costs.

These maximum throughputs are then used to determine the overhead
per read or write operation, and per read or write megabyte transferred.
The overheads are then applied to the projected workload characteristics

to determine projected utilizations of the managed disks.

Because managed disks have individual performance capabilities, and
have different performance capabilities when taking into account the
performance capabilities of other resources associated with those managed
disks, the virtual disk allocator 272 defines resource groups, each having
associated performance attributes for a set of managed disks that belong

to the resource group. By taking into account the managed disk
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performance capabilities and the performance capabilities of their
associated resources, the overall performance of the managed disks can be
determined. These other resources might include the physical disks or
controllers on which the managed disks reside. However, it is not
necessary to identify all of the possible resources associated with the
managed disks. Instead, the virtual disk allocator 272 will generalize

associations with resources when defining a resource group.

Each resource group is given performance attributes (same as for
managed disks). The performance capacity of resource groups can be
specified manually or determined through a controlled benchmark procedure
called controlled calibration. Calibration can be executed against
managed disks identified and at a time identified by an administrator.

The calibration may be executed against managed disks before they are
assigned to virtual disks. This could also be contained within an
operational procedure that automates creation of managed disks on
specified storage controllers. The calibration would be executed against
individual managed disks and all of the associated resource groups as long
as all of the managed disks in the groups are not assigned. The technique
used in calibration is similar to those used in conducting engineering

measurements against competitive disk subsystems.

Because managed disks can belong to more than one resource group,
calibration of resource groups allows optimization of data allocation
decisions. However, it is not necessary to discover all of the potential
relationships between managed disks and associated resources, and no
impact results when suspected relationships do not exist. Various
implementations of the virtual disk allocator 272 could build-in varying

levels of sophistication in discovering the relationships.

Fig. 6 illustrates a data structure 600 used by the virtual disk
allocator 272 to abstract the important performance elements in a
virtualized storage subsystem according to an embodiment of the present
invention. The data structure may be represented as a tree of nodes
representing storage elements such as clusters, device adapters,
individual disks or disk arrays and any associated resources. However,
those skilled in the art will recognize that the present invention is not
meant to be limited to the structure shown in Fig. 6. Rather, a more

general network of nodes than a tree structure may be used.

Data structure 600 is used to provide a goal-oriented approach to

storage allocation. As an example, the SAN VC presents a somewhat
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different model of storage than the traditional storage controller. The
application server is presented with a view of virtual disks, comparable
to logical disks in IBM Enterprise Storage Servers (ESS). Virtual disk
allocator 272 creates a virtual disk by identifying a set of performance
properties associated with a set of managed disks and resource groups,
including throughput capabilities for specific workloads and estimating
resource utilization derived from the identified set of performance
properties associated with a set of managed disks and resource groups. A
virtual disk is accessed, for example, through a SAN VC primary node, and
data for the virtual disk is cached in that node, a function comparable to
an ESS cluster. Referring to Fig. 6, the storage for the virtual disk 605
is allocated across one or more managed disks 610, 620, 630 and 640. The
managed disks illustrated are grouped into a managed disk group (MDG) 650.
Virtual disk 605 is associated with a single MDG 650. Typically, for best
performance, virtual disk 605 would be striped across all of the managed

disks in the MDG 650.

Each of the managed disks 610, 620, 630 and 640 might be allocated
as a portion of a single physical disk shared with other applications, or
allocated as an entire RAID array consisting of several disks. 1In
addition, storage administrators are given tremendous flexibility in
selection of managed disk configurations. As a result of associations
with other applications, activity on one managed disk can affect the
performance of another managed disk, such as when they reside on the same
storage device or behind the same storage controller. With reference to
Fig. 6, managed disk 610 is associated with three resources 611, 612, and
613, while managed disk 620 is associated with resources 613, 621 and 622.
Because resource 613 is associated with both managed disk 610 and 620,
each of the managed disk’s performance characteristics may be unknown and
highly variable. Thus, the key to intelligent data placement decisions is
acquiring and maintaining reasonable performance assumptions about the

capability and behavior of a managed disk.

In accordance with an embodiment of the invention, each managed disk
is associated with one or more resource groups (RGs). RG 1 660, RG 2 670
and RG 3 680 are defined by the virtual disk allocator 272. RG1l 660
includes managed disk 610 and resources 611, 612 and 613. RG2 670
includes managed disk 620, 630 and a portion of managed disk 640, and has
resources 613, 621, 622, 631, 632 and 641. RG3 680 includes a portion of
managed disk 640, and resources 632 and 641. As can be seen, resource 613
is shared between managed disk 610 and 620, and resources 632 and 641 are

shared between managed disk 630 and 640. Because managed disks and
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associated resources are grouped into resource groups allowing observation
of interactions within and between resource groups, enhanced performance
assumptions about the capability and behavior of the managed disks can be

made by virtual disk allocator 272.

For example, during the volume selection process, the virtual disk
allocator 272 keeps track of utilizations of managed disks and resource
groups, similar to the way it maintains those utilizations for the
components of the configuration tree in VPA for ESS. When selecting
potential managed disks for allocation, the effects are evaluated for all
of the resource groups to which a managed disk belongs. The managed
disk’s utilization is then assumed to be the highest of all the associated
RGs. This is similar to the technique of navigating up the configuration
tree used by the current version of VPA. The virtual disk allocator 272
makes a recommendation for storage allocation that meets the capacity and

the performance requirements specified.

Referring again to Fig. 2, the virtual disk allocator 272 improves
with knowledge about how the storage elements are actually performing, but
does not depend on extremely accurate information, which is why the
virtual disk allocator 272 can work for heterogeneous types of storage
from different vendors. But accurate real-time or historical performance
data can be used to differentiate one vendor’s products from others, as
well as biasing storage allocations away from workloads that are likely to

compete during the time periods of interest.

An important aspect of the virtual disk allocator 272 involves the
use of the capacity and performance structures to balance storage
allocation across available resources. Where multiple choices are
possible in virtual disk allocator 272, the capacity and performance
structures may be used to bias allocation to one set of resources through
the use of pseudo-random numbers. Several sample allocations can be
selected in this fashion, and the best among the samples chosen for the
answer. This technique prevents the algorithms from making the same
recommendation in similar situations, increasing the spread of workloads
across available resources. In this way, storage allocations will be
biased toward elements in the network that are most capable of handling

the specified workload.

Fig. 7 illustrates a flow chart 700 of the method for managing
storage allocation in a virtual storage system according to an embodiment

of the present invention. The method includes obtaining user defined
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workload profiles 710 and determining performance characteristics of
managed disks 720. Relationships between managed disks and resource
groups are determined based on user defined or automated input 730. A
virtual disk is created that includes a set of the managed disk
considering the resource groups to which the managed disks are allocated
740.

The process illustrated with reference to Figs. 3-7 may be tangibly
embodied in a computer-readable medium or carrier, e.g. one or more of the
fixed and/or removable data storage devices 288 illustrated in Fig. 2, or
other data storage or data communications devices. The data storage
device 288 or computer program 290 may be loaded into memory 292 to
configure the administrator 270 or virtual disk allocator 272 for
execution. Such computer programs include instructions which, when read
and executed by a processor, such as processor 294 of Fig. 2, causes the
administrator 270 or virtual disk allocator 272 to perform the steps

necessary to execute the steps or elements of the present invention.

The foregoing description of the exemplary embodiment of the
invention has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed. Many modifications and
variations are possible in light of the above teaching. It is intended
that the scope of the invention be limited not with this detailed

description, but rather by the claims appended hereto.
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CLAIMS
1. A program storage device, comprising:
program instructions executable by a processing device to perform
operations for managing storage allocation in a virtual storage system,
the operations comprising:
evaluating workload profiles;

determining performance characteristics of managed disks;

determining relationships between the managed disks and resource

groups; and

recommending allocation of at least one virtual disk comprising a
set of the managed disks based on resource groups that the managed disks

are allocated to.

2. The program storage device of claim 1, wherein the operations

further comprise:

defining the workload profiles.

3. The program storage device of claim 1 or 2 wherein the operations

further comprise:

creating a virtual disk comprising a set of the managed disks based

on resource groups that the managed disks are allocated to.

4. The program storage device of claim 1, 2 or 3, wherein the

determining relationships is based on user input.

5. The program storage device of any of claims 1 to 3, wherein the

determining relationships is based on automatically provided input.

6. The program storage device of claim 3, wherein the creating a
virtual disk further comprises creating a plurality of virtual disks
within the set of managed disks based on the resource groups to which the

managed disks are allocated.
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7. The program storage device of any preceding claim further

comprising:

selecting locations for virtual disks by identifying a set of
performance properties associated with a set of managed disks and resource

groups including throughput capabilities for specific workloads; and

estimating optimal resource utilization based on performance

properties associated with a set of managed disks and resource groups.

8. The program storage device of claim 2, wherein the defining workload
profiles further comprises selecting at least one selected from the group
consisting of quantity of desired storage, identification of
characteristics of the workload and desired level of throughput, and

allocation hints.

9. The program storage device of any preceding claim further comprising

obtaining performance capabilities of managed disks.

10. The program storage device of claim 9, wherein the obtaining
performance capabilities of managed disks further comprises providing

manual input indicating performance capabilities of managed disks.

11. The program storage device of claim 9, wherein the obtaining
performance capabilities of managed disks further comprises receiving

performance capabilities from a managed disk configurator.

12. The program storage device of claim 11, wherein the receiving
performance capabilities from a managed disk configurator further
comprises obtaining information on the performance characteristics of
managed disks and their associated resource groups, wherein the resources

groups identify potential relationships between managed disks.

13. The program storage device of claim 9, wherein the obtaining
performance capabilities of managed disks further comprises performing a
controlled calibration and using the results from the controlled

calibration.

14. The program storage device of claim 13, wherein the performing a
controlled calibration comprises running a specified I/0 load against the

managed disks to identify behavior of the managed disks.
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15. The program storage device of claim 9, wherein the obtaining
performance capabilities of managed disks further comprises performing an
uncontrolled calibration and using the results from the uncontrolled

calibration.

16. The program storage device of claim 15, wherein the performing an
uncontrolled calibration comprises analyzing the performance behavior as
applications run as uncontrolled workloads to identify behavior of the
managed disks.

17. The program storage device of claim 9, wherein the obtaining
performance capabilities of managed disks further comprises receiving
input from a user through an interface.

18. The program storage device of any preceding claim, wherein the
determining performance characteristics of managed disks further comprises

identifying resource groups the managed disks belong to.

19. The program storage device of claim 17, wherein the user input

comprises a selection from performance profiles of managed disks.

20. The program storage device of claim 17, wherein the user input

comprises a selection from performance profiles resource group.

21. A method comprising:

evaluating workload profiles;

determining performance characteristics of managed disks;

determining relationships between the managed disks and resource

groups; and

recommending allocation of one or more virtual disks comprising a
set of the managed disks based on resource groups that the managed disks
are allocated to.

22. The method of claim 21, further comprising:

defining the workload profiles.
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23. The method of claim 21 or 22 further comprising:

creating a virtual disk comprising a set of the managed disks based

on resource groups that the managed disks are allocated to.

24. The method of claim 21, 22 or 23, wherein the determining

relationships is based on user input.

25. The method of any of claims 21 to 23, wherein the determining

relationships is based on automatically provided input.

26. The method of claim 23, wherein the creating a virtual disk further
comprises creating a plurality of virtual disks within the set of managed
disks based on the resource groups to which the managed disks are

allocated.

27. The method of any of claims 21 to 26 further comprising:

selecting locations for virtual disks by identifying a set of
performance properties associated with a set of managed disks and resource

groups including throughput capabilities for specific workloads; and

estimating optimal resource utilization based on performance

properties associated with a set of managed disks and resource groups.

28. The method of claim 22, wherein the defining workload profiles
further comprises selecting at least one selected from the group
consisting of quantity of desired storage, identification of
characteristics of the workload and desired level of throughput, and

allocation hints.

29. The method of any of claims 21 to 28 further comprising obtaining

performance capabilities of managed disks.

30. The method of claim 29, wherein the obtaining performance
capabilities of managed disks further comprises providing manual input

indicating performance capabilities of managed disks.

31. The method of claim 29, wherein the obtaining performance
capabilities of managed disks further comprises receiving performance

capabilities from a managed disk configurator.
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32. The method of claim 31, wherein the receiving performance
capabilities from a managed disk configurator further comprises obtaining
information on the performance characteristics of managed disks and their
associated resource groups, wherein the resources groups identify

potential relationships between managed disks.

33. The method of claim 29, wherein the obtaining performance
capabilities of managed disks further comprises performing a controlled

calibration and using the results from the controlled calibration.

34, The method of claim 33, wherein the performing a controlled
calibration comprises running a specified I/0 load against the managed

disks to identify behavior of the managed disks.

35. The method of claim 29, wherein the obtaining performance
capabilities of managed disks further comprises performing an uncontrolled

calibration and using the results from the uncontrolled calibration.

36. The method of claim 35, wherein the performing an uncontrolled
calibration comprises analyzing the performance behavior as applications

run as uncontrolled workloads to identify behavior of the managed disks.

37. The method of claim 29, wherein the obtaining performance
capabilities of managed disks further comprises receiving input from a

user through an interface.

38. The method of any of claims 21 to 37, wherein the determining
performance characteristics of managed disks further comprises identifying

resource groups the managed disks belong to.

39. The method of claim 37, wherein the user input comprises a selection

from performance profiles of managed disks.

40. The method of claim 37, wherein the user input comprises a selection

from performance profiles resource group.

41. A volume provisioning advisor for managing storage allocation in a
virtual storage system, the volume provisioning advisor being operable to

perform the method of any of claims 21 to 40.
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42. The volume provisioning advisor of claim 41, wherein a resource
group comprises a name, performance attributes and a set of managed disks

that belong to the resource group.

43. The volume provisioning advisor of claim 41 or 42, wherein a managed
disk belongs to one or more resource group, wherein a resource groups

identifies potential relationships among managed disks.

44, A computer program comprising program code means adapted to perform
the method of any of claims 21 to 40 when said program is run on a

computer.



WO 2006/077215 PCT/EP2006/050260
1/6

100

sl
.

130

102

150

EIRE

160

Fig. 1



WO 2006/077215

‘U

[I

EIYTT)

‘!]

230

200

2/6

Virtualization
2// VDA Engine

2 Calibration Volume |

|t Process Managers
278/

| Processor Memory \\

/! .

294 Administrator
12 270

Fig. 2

™ 274

~~ 276

292

PCT/EP2006/050260

202

202

202




WO 2006/077215 PCT/EP2006/050260
3/6

300

w
—_
o

—

UNDERSTANDING OF THE USER WORKLOAD ATTRIBUTES AND DESIRED

312 LEVELS OF PERFORMANCE
DETERMINING PERFORMANCE CHARACTERISTICS OF MANAGED
DISKS OR ARBITRARY RESOURCE GROUPS
314 _
DETERMINING RELATIONSHIPS BETWEEN MANAGED DISKS
318 AND RESOURCE GROUPS BASED ON USER

DEFINED OR AUTOMATED INPUT

CREATING A VIRTUAL DISK HAVING A SET OF MANAGED DISKS TAKING
INTO CONSIDERATION THE RESOURCE GROUPS
TO WHICH THE MANAGED DISKS ARE ALLOCATED

~

Fig. 3



WO 2006/077215 PCT/EP2006/050260
4/6

400
MECHANISMS OF THE STORAGE VIRTUALIZATION OPTIMIZER FOR
OBTAINING WORKLOAD REQUIREMENTS
410
N CANNED WORKLOAD DESCRIPTIONS MAY BE PROVIDED
41& WORKLOAD DESCRIPTIONS MAY BE AUTOMATICALLY CREATED BASED
ON A CUSTOMER'S WORKLOAD
414
g INTELLIGENT SOFTWARE COMPONENTS MAY BE PROVIDED TO
PROVIDE WORKLOAD DESCRIPTIONS
Fig. 4
50
MECHANISMS OF THE STORAGE VIRTUALIZATION OPTIMIZER FOR
DETERMINING THE PERFORMANCE CAPABILITIES OF MANAGED DISKS
OR ARBITRARY RESOURCE GROUPS
510
N MANUAL INPUT APPROACH
512 A MANAGED DISK CONFIGURATOR FOR PROVIDING INPUT ON THE
N PERFORMANCE CHARACTERISTICS FOR A FINITE SET OF
“UNDERSTOOD" DISK CONTROLLERS
514 CONTROLLED CALIBRATION FOR RUNNING A SPECIFIED 1/0 LOAD
\d  AGAINST MANAGED DISKS WHILE OBSERVING THE BEHAVIOR OF
MANAGED DISKS
518 | AN UNCONTROLLED CALIBRATION APPROACH FOR ANALYZING THE
| PERFORMANCE BEHAVIOR OF MANAGED DISKS AS APPLICATIONS RUN
_ NORMAL WORKLOADS AGAINST SAN VC
518 | STANDARDIZED INTERFACES FOR PROVIDING A CONCEPTUAL MODEL
\ THAT IDENTIFIES LUNS AND THEIR ASSOCIATIONS WITH PHYSICAL
RESOURCES, AS WELL AS STATIC PERFORMANCE CAPABILITIES OF
THOSE ELEMENTS -

Fig. 5



PCT/EP2006/050260

WO 2006/077215

5/6

9 B4

099
194
0.9 i T u.u lm
089 [A3): | ]
1 B)
b9 [44° €19 “
._ ]
1€9 129 A r4%] Lo | |
| |
! |
.w _
0€9 0z9 | i |
Msid . xsid |
[
|

‘ass>aas"aRT 22y

S09

009



WO 2006/077215 PCT/EP2006/050260
6/6

700

” S

OBTAINING USER DEFINED WORKLOAD PROFILES

\

DETERMINING PERFORMANCE CHARACTERISTICS
OF MANAGED DISKS

720

730 Y
K DETERMINING RELATIONSHIPS BETWEEN MANAGED

DISKS AND RESOURCE GROUPS BASED ON
USER DEFINED OR AUTOMATED INPUT

740 Y
CREATING A VIRTUAL DISK THAT INCLUDES A SET
OF THE MANAGED DISK CONSIDERING THE
RESOURCE GROUPS TO WHICH THE MANAGED
DISKS ARE ALLOCATED

Fig. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2006/050260

. CLASSIEIBIG\TION OF SUBJECT MATTER

N BG6F0/26

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO~Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 6 820 035 Bl (ZAHAVI WILLIAM)
16 November 2004 (2004-11-16)
column 1, line 24 - 1ine 29
column 2, 1ine 5 - 1ine 34
column 7, 1ine 49 - Tine 53

18 December 2003 (2003-12-18)
the whole document

WO 02/25870 A (STORAGEAPPS INC)
28 March 2002 (2002-03-28)

the whole document

column 11, 1ine 32 ~ column 13, 1ine 51

US 2003/233382 Al (GEMBA RYU ET AL)

1-44

1-44

1-44

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particufar relevance

earlier document but published on or after the international
filing date

document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

document published prior to the international filing date but
later than the priority dale claimed

Er

o0

0

*pe

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
~~ involve an inventive step when the document is' taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
mg:ﬂts, such combination being obvious 1o a person skilled
in the art.

'&" document member of the same patent family

Date of the actual completion of the internafional search

Date of mailing of the international search report

6 April 2006 19/04/2006
Name and malling address of the I1SA/ Authotized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 eponl,
Fax: (+31~70) 340~3016 Dewyn, T

Forn PCT/ISA/210 (sacond sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/EP2006/050260
Patent document Publication Patent famity Publication
cited in search report date member(s) date
US 6820035 Bl 16-11-2004  NONE
UsS 2003233382 Al 18-12-2003 JP 2004021557 A 22-01-2004

WO 0225870 A 28-03-2002 AU 3271901 A 02-04-2002




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

