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Executive Summary

Data centers are increasingly turning to “thin provisioning” to simplify operational tasks and save
capital budget. Thin provisioning, also known as dynamic provisioning, creates a virtual disk drive that
appears, to applications and servers, much larger than the actual physical storage allotted to it. As
applications write to this virtual disk, the storage array automatically allocates more physical storage. The
process is transparent to applications and servers. This lets actual storage demand, rather than forecasts
(which tend to overestimate), determine how much physical storage is used.

While thin provisioning is transparent to applications and servers, the reverse is not true — the
behavior of the applications and the server does impact how ‘thin’ the storage can be. That behavior
varies substantially across different vendors. Veritas Storage Foundation provides substantial benefits for
companies using or planning to use thin provisioning.

A key advantage of Storage Foundation comes when migrating data from legacy storage to thin
provisioning storage. Traditional migration tools copy both data and empty space, resulting in a “thin”
provisioning system that uses just as much storage as the legacy system. In contrast, Storage
Foundation strips out the need to dedicate capacity to empty areas of a volume as it migrates data from
traditional storage to thin provisioned storage. This avoids unnecessary ‘grow’ events on the thin
provisioning array.

Due to its thin provision-friendly algorithms and architecture, Storage Foundation triggers fewer
‘grow’ events on the storage array than other alternatives. This results in better storage utilization, less
allocated but unused storage, and lower costs. Storage Foundation accomplishes this with smart
architectural choices, such as just-in-time metadata, compact addressing, and in-place overwrites. And,
when files are deleted, Storage Foundation re-uses the space freed by those files before writing to new
locations. These techniques reduce the amount of physical storage that the array allocates. To better
understand why and how these things matter with thin provisioning refer to the ‘Regaining Control of
Storage Growth With Thin Provisioning’ on the hds.com site here:
http://www.hds.com/assets/pdf/regaining-control-of-storage-growth-with-thin-provisioning.pdf. Users can
expect optimum results from Hitachi Dynamic Provisioning and the Universal Storage Platform V when
used with.Storage Foundation

Storage Foundation supports all thin provisioning architectures currently available, including
Hitachi, 3PAR, Hewlett-Packard XP, Network Appliance, and Sun. Storage Foundation has the broadest
hardware compatibility list on the market, which lets customers standardize on one toolset for their data
center to reduce complexity.

When designing a thin provisioning architecture, consider whether your host-based storage tools
add to, or subtract from, the benefits of thin provisioning. Choosing the right ones can be the difference
between enjoying the savings that thin provisioning offers, and being asked to figure out why the actual
savings were less than forecast.
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Scope & Audience

This paper explains the value that Veritas Storage Foundation software can bring to a data center
using, or planning to use, thin provisioning. It conceptually describes how Veritas software technically
accomplishes these benefits. It does not attempt to place a specific financial value on those benefits. If
you are interested in such an analysis, contact your Symantec Account Manager. This paper also
provides detailed examples of the command line operations to perform on a host to migrate legacy data
to thin provisioning. It does not explain how to set up thin provisioning itself, as those steps differ among
different array vendors.

This paper is intended for engineering/architecture and operations groups for storage and for
UNIX servers in large enterprise data centers who are deploying or who are evaluating thin provisioning.
This paper also provides how-to steps and examples that an individual system administrator or an
operations group can use as an implementation guide. Technical staff may also find this paper useful in
describing the benefits of Storage Foundation to their management.

This paper assumes basic knowledge of data center operations and experience with host-based
storage management tools, such as file systems, logical volumes, and LUNS. It also assumes basic
understanding of thin provisioning, also known as dynamic provisioning.
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Thin Provisioning — Overview and Concepts

Veritas Storage Foundation Overview

Veritas Storage Foundation is an integrated software suite providing core storage capabilities for
servers. Major Storage Foundation components include the Veritas File System (VXFS), a physical file
system; Veritas Volume Manager (VxVM) which creates and manages logical volumes comprised of
LUNSs or physical disks; Dynamic Multipathing (DMP) to provide load balancing and 1/O error recovery on
SANSs; and Storage Foundation Manager, with central management and task workflow of the other
components.

Thin Provisioning Overview

Thin provisioning relies on the observation that most organizations over allocate storage. They do
so for various reasons. Running out of storage can be career threatening for the administrator of a
mission critical application, whereas the cost of using too much storage may be on someone else’s
budget. Every developer anticipates their new application will be a killer app used by everyone, but most
won't be. Getting storage early in a project when funds are allocated is easier than getting it later, when
funds may be canceled. If the server operations and storage operations teams are split, the request for
more storage may have a long lead time and may cause friction. For these and for other reasons,
organizations over allocate storage.

Thin provisioning offers an alternative. It creates virtual disk drives — LUNSs, for Logical Units —
that appear to be a user specified size, but whose actual physical storage only covers a fraction of the
LUN size. If a LUN needs more storage, the storage array assigns more physical storage to it, without
changing the presented size'.

Traditional Thin Provisioned
Storage Utilization Storage Utilization

Actual File System Data:

Volume on Host and LUN
Presented by the Array:

Array storage assigned

—
To Lun: —

“Allocate at LUN “Allocate
creation” on write”

Figure 1: Traditional and Thin provisioning. The storage used in the thin scenario is the same as the file
system (best case); actual storage usage can be higher, as later sections explain.

! Some wags may prefer ‘pretended size’.
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Thin Provisioning Concepts & Related Concepts

Four concepts help explain thin provisioning. The first is ‘first write’, a technical concept. Block
devices, such as disk drives and LUNSs, are sequentially numbered, linear arrays of blocks. Blocks are
fixed size, usually 512 bytes. Higher-level applications group blocks into files, which are easier to use. As
a result, block devices have no idea whether a given block is used or is not used. So, they must assume
all blocks are used. Thin provisioning’s inventors realized that the block device could watch for the first
write to a block. Before that first write, the block is not in use; forever after the first write is executed to the
block, the storage array considers the block in use.

The second concept is inventory efficiency. This operational concept directly impacts capital
expense. After reading about the risk of running out of storage, readers may wonder if this is more likely
with thin provisioning than with traditional storage. In fact, the opposite is true. From a business
perspective, storage management is an inventory problem. You don’t want to run out — it costs the
enterprise and the staff - so data centers keep unused storage at the ready?. But keeping unused storage
is also expensive. Administrators are loath to reduce the amount of spare storage they have, because
that increases the risk of running out.

But cost can be lowered while maintaining or even reducing the risk. As spare storage — or any
inventory — fragments into smaller pieces, more must be kept to avoid running out at any one location. By
merging spare storage into larger groups, less storage is needed for the same risk of running out -- as
long as it can be quickly moved where needed. This concept — keep fewer, larger buckets of inventory —
reduces storage without increased risk>.

Thin provisioning storage arrays use this principle to keep spare storage for all applications using
that array. This makes more spare storage available to all applications. Thin provisioning skips
administrative steps like making the new storage visible to the server and growing the volume and file
system®. Couple this with the array automatically assigning storage, and spare storage goes rapidly
where it is needed — a requirement when storage moves from small buckets dedicated to the application
to large buckets shared among many applications.

Traditional storage is usually managed in one of two ways. The first is to fully allocate storage
close to the application, creating many small pieces of free storage. For applications with highly
predictable storage needs, like some scientific environments, this may work well. Everyone grows a
proportional amount and keeps a proportional spare storage buffer. Note that thin provisioning is no
worse than traditional storage in this scenario.

If there is any variability or unpredictability in storage usage across applications — typical in most
commercial and government environments — the traditional storage method performs poorly. Applications
that use more storage wind up with less spare storage; other applications have more than they need. Thin
provisioning, on the other hand, can balance storage allocated based on actual usage, keeping all spare
storage available to any application that might need it in the future. This results in less risk of running out
of storage than with traditional storage.

The second way to manage traditional storage is to keep spare storage in large chunks, monitor
usage closely, and manually move it as needed”. This is conceptually similar to thin provisioning, but it
places a large burden on the data center staff. Thin provisioning requires fewer provisioning steps, giving
it a time and effort advantage. Plus, the datacenter staff monitors fewer objects. They only monitor each

2 If you never want to run out of storage, the math is clear: keep an infinite amount of unused storage, which in turn
requires infinite floor space, energy, cooling, and capital budget.
® The authors avoid the term “pool”, because every storage vendor offers “pools” these days regardless of whether
they provide an inventory benefit.
* More accurately, these steps are done up front.
® In practice, data centers operate between the “allocate everything” and “allocate nothing™ extremes.
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thin provisioning array’s spare storage, rather than storage usage for thousands of database tables and
file systems. Thin provisioning has the advantage over traditional storage in this management paradigm,
too.

The third concept is uncorrelated demand, an operational issue. Ultimately, a thin provisioning
storage array can only provide as much physical storage as it has available. Imagine two servers, each
using a single thin LUN. Each thin LUN appears to be 10GB; each LUN has 8GB of physical storage
allocated. One storage array provides both LUNs, and that array has 2GB free to allocate, in addition to
the 16GB provisioned to the two LUNs (Figure 2). Server 1 hosts a retail internet database, serving US
customers. This application is busiest in the fourth quarter due to holidays. Server 2’s application is used
by the finance department for quarterly reporting. It is busiest the first two weeks of each quarter. Imagine
the array allocates its last 2GB of available storage to Server 1's thin LUN in December. Because Server
2 is not likely to need more storage until January 1 — its demand is uncorrelated with Server 1 — the
storage operations team has time to order more storagee.

If Server 1 was a General Ledger application, the many accounting entries required to close the
quarter would arrive — and use storage — at about the same time that Server 2’'s quarter-end financial
reporting system would consume storage. Because both applications need more storage at the about
same time, they are more likely to break the bank — using up their allotted 8GB only to discover that the
other application’s LUN has already been given those last 2GB of storage. In this counterexample, the
applications’ storage demand is correlated.

In practice, organizations do not group applications by uncorrelated storage demand. But the
same principle is now being used to balance virtual machines’ CPU loads, so the concept is becoming
familiar. Since thin provisioning benefits more than traditional storage, the concept is more important to
these environments. The Further Reading section has more information.

Figure 2: lllustration for Correlated and Uncorrelated Demand.

® This example illustrates the concept, not real life in a data center. Few administrators willingly run with margins
this thin. But even with large safety margins, risk is further reduced by matching applications that consume storage
at different times. The tendency for separate departments to want dedicated storage makes this harder to accomplish,
since storage demand is often correlated within a department.
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The fourth concept is wide striping for automated performance optimization. When actual physical
storage is needed for a virtual volume, the dynamic provisioning system allocates it according to
sophisticated algorithms designed to spread the load across as many spindles as possible. This can be
many more spindles than any single RAID group can offer. Because optimizing the layout of storage for

maximum performance is automatic, this both significantly saves administration time and improves
application service levels.
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Migrating from Legacy Storage

"How long does getting thin take?"

—A. A. Milne
Legacy Migration — the Overlooked Challenge

Amid growing enthusiasm for thin provisioning and its benefits, the issue of migrating from legacy
storage is often overlooked or glossed over. Recall how thin provisioning works: the storage array treats
each block as empty until the first write. Legacy storage arrays do not track whether a block has been
written to or not. So how can you migrate from a legacy array to a thin provisioning array without moving
every block?

As shown below, migrations with traditional logical volume managers cannot; they must copy
every block from the original LUN and write it to the new LUN, effectively filling up the new, thin LUN and
defeating the capacity savings promised by of thin provisioning.

Figure 3: A traditional Logical Volume Manager Migr  ation.
Even empty blocks are copied.
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