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Executive summary

EMC" Symmetrix® DMX-3 and DMX-4 and Symmetrix V-Max™ storage arrays continue to provide
increased storage utilization and optimization, enhanced capabilities, and greater interoperability and
security, as well as multiple ease-of-use improvements. One such feature available with Enginuity™
release 5773 and later that provides increased storage utilization and optimization is Symmetrix Virtual
Provisioning™.

Virtual Provisioning, generally known in the industry as “thin provisioning,” enables organizations to
improve ease of use, enhance performance, and increase capacity utilization for certain applications and
workloads. The implementation of Virtual Provisioning for Symmetrix DMX-3 and DMX-4 and
Symmetrix V-Max storage arrays directly addresses improvements in storage infrastructure utilization, as
well as associated operational requirements and efficiencies.

This white paper addresses the considerations for deploying a Microsoft SQL Server 2005 or 2008 database
on thinly provisioned devices. An understanding of the principles that are exposed here will allow the
reader to deploy Microsoft SQL Server databases with Virtual Provisioning in the most effective manner.

Introduction

One of the biggest challenges facing storage administrators is storage provisioning for new applications.
Administrators typically allocate space based on anticipated future growth of applications. This is done to
mitigate recurring operational functions, such as incrementally increasing storage allocations or adding
discrete blocks of storage as existing space is consumed. Using this approach results in more physical
storage being allocated to the application than is needed for a significant amount of time and at a higher
initial cost than is necessary. This overprovisioning of physical storage also leads to increased power,
cooling, and floor space requirements. Even with the most careful planning, it may be necessary to
provision additional storage in the future, which could potentially require an application outage.

A second layer of storage overprovisioning happens when a database administrator overallocates storage
for a file or filegroup to ensure sufficient free space within the database. The operating system sees the
space as completely allocated but internally only a fraction of the allocated space might be used.

EMC Virtual Provisioning can address both of these issues. Virtual Provisioning allows more storage to be
presented to a host operating system than is physically available. More importantly, Virtual Provisioning
will allocate physical storage only when the storage is actually written to. This allows more flexibility in
predicting future growth and reduces the initial costs of provisioning storage to an application, and it can
obviate the inherent waste in overallocation of space and administrative management of subsequent storage
allocations.

Audience

This white paper is intended for storage architects and administrators, and database administrators
responsible for deploying Microsoft SQL Server 2005 or 2008 on Symmetrix DMX-3 and DMX-4 and
Symmetrix V-Max with Virtual Provisioning.

Terminology

Table 1. Basic Symmetrix array terms

Term Description

Device A logical unit of storage defined within a Symmetrix storage unit.
Device Capacity The actual storage capacity of a device.
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Device Extent

The size of the smallest contiguous region of a device for which an extent
mapping can occur.

Host Accessible Device

A device that is exported for host use.

Internal Device

A device used for an internal function of the storage unit.

Metadevice An aggregation of host accessible devices seen from the host as a single
device.
Pool A collection of internal devices for some specific purpose.

Table 2. Virtual Provisioning terms

Term

Description

Thin Device

A host accessible device that has no storage directly associated with it.

Data Device

An internal device that provides storage capacity to be used by thin
devices.

Thin Device Extent

The minimum quantum of storage that must be mapped at a time to a thin
device.

Data Device Extent

The minimum quantum of storage that is allocated at a time when
dedicating storage from a thin pool for use with a specific thin device.

Extent Mapping Specifies the relationship between the thin device and data device extents.
Thin Pool A collection of data devices that provide storage capacity for thin devices.
Thin Pool Capacity The sum of the capacities of the member data devices.

Bind The process by which one or more thin devices are associated to a thin
pool.

Unbind The process by which a thin device is diassociated from a given thin pool.
When unbound, all previous extent allocations from the data devices are
erased and returned for reuse.

Enabled Data Device A data device belonging to a thin pool on which extents can be allocated
for thin devices bound to that thin pool.

Disabled Data Device A data device belonging to a thin pool from which capacity cannot be

allocated for thin devices. This state is under user control.

Thin Pool Enabled Capacity

The sum of the capacities of enabled data devices belonging to a thin pool.

Thin Pool Allocated Capacity

A subset of thin pool enabled capacity that has been allocated for the
exclusive use of all thin devices bound to that thin pool.

Thin Device Written Capacity

The capacity on a thin device that was written to by a host. In most
implementations this is a subset of the thin device allocated capacity.

Oversubscribed Thin Pool

A thin pool whose thin pool enabled capacity is less than the sum of the
reported sizes of the thin devices using the pool.

Thin Device Subscription Ratio

The ratio between the thin device subscribed capacity and the thin pool
enabled capacity. This value is expressed as a percentage.

Thin Device Utilization Ratio

The ratio between the thin device written capacity and thin device allocated
capacity. This value is expressed as a percentage.

Thin Pool Subscription Ratio

The ratio between the sum of the thin device subscribed capacity of all its
bound thin devices and the associated thin pool enabled capacity. This
value is expressed as a percentage.

Thin Pool Allocation Ratio

The ratio between the thin device allocated capacity and thin pool enabled
capacity. This value is expressed as a percentage.

Pre-Provisioning

Allocating a range of extents from the thin pool to the thin device at the
time the thin device is bound. Sometimes used to reduce the operational
impact of allocating extents or to eliminate the potential for a thin device to
run out of available extents
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Symmetrix and thin devices

Symmetrix thin devices are logical devices that can be used in many of the same ways that Symmetrix
devices have traditionally been used. Unlike traditional Symmetrix devices, thin devices do not need to
have physical storage completely allocated at the time the device is created and presented to a host. The
physical storage that is used to supply disk space to thin devices comes from a shared storage pool called a
thin pool that the thin device has been previously bound to. Multiple thin devices can be bound to any
given thin pool. The thin pool itself is comprised of devices called data devices that provide the actual
physical storage to support the thin device allocations.

When a write is performed to a part of any bound thin device for which physical storage has not yet been
allocated, the Symmetrix allocates physical storage from the thin pool for that portion of the thin device
only. The Symmetrix operating environment, Enginuity, satisfies the requirement by providing a block of
storage from the thin pool called a thin device extent. This approach reduces the amount of storage that is
actually consumed.

The minimum amount of physical storage that can be reserved at a time for the dedicated use of a thin
device is referred to as the data device extent. An entire data device extent is physically allocated to the thin
device at the time the thin storage allocation is made as a result of a host write operation. The data device
extent is allocated from any one of the data devices in the associated thin pool. Allocations across the data
devices are balanced to ensure that an even distribution of allocations occurs from all available data
devices. This results in distributing I/O workload across the data devices.

The minimum amount of physical storage that must be mapped to a thin device at a time is called a thin
device extent. For Symmetrix, the thin device extent size is the same as the data device extent size.

When a read is performed on a thin device, the data being read is retrieved from the appropriate data device
in the thin pool that contains the extent allocation. If for some reason a read is performed against an
unallocated portion of the thin device, zeroes are returned to the reading process.

When more physical data storage is required to service existing or future thin devices, for example, when a
thin pool is approaching maximum allocated capacity, data devices can be added to existing thin pools
dynamically without needing a system outage. New thin devices can also be created and bound with
existing thin pools. A thin device can only be bound to a single thin pool at any given time.

When data devices are added to a thin pool they can be in an enabled or disabled state. In order for the data
device to be used for thin extent allocation it needs to be in the enabled state. For it to be removed from the
thin pool, it needs to be in a disabled state. Depending on the Enginuity level, disabling data devices with
allocated extents will cause the data devices to drain and copy any allocated extents to the remaining,
enabled devices in the pool. Therefore, data devices can be removed from a pool and repurposed without
having to unbind thin devices that may have allocated extents associated with the data devices. The
following figure depicts the relationships between thin devices and their associated thin pools. There are
nine devices associated with thin Pool A and three thin devices associated with thin pool B.
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Thin
Devices

Figure 1. Thin devices and thin pools containing data devices

The way data extents are allocated across the data devices results in a form of striping in the thin pool. The
more data devices that are in the thin pool, then the wider the striping is and the greater the number of
devices that can participate in application I/O. The data extent size is 768 KB. The maximum size of a thin
device for Enginuity 5773 is 60 GB. The maximum size of a thin device for Enginuity 5874 is 240 GB. If a
larger size is needed, then a metavolume comprised of thin devices can be created. It is recommended that
the metavolume be concatenated rather than striped since the thin pool is already striped using thin extents.
Concatenated metavolumes also support fast expansion capabilities, as new metavolume members can
easily be appended to the existing concatenated metavolume. This functionality may be applicable when
the provisioned thin device has become fully allocated at the host level, and it is required to further increase
the thin device to gain additional space.

Striped metavolumes are supported with Virtual Provisioning and there may be workloads that will benefit
from multiple levels of striping.

Requirements

Virtual Provisioning requires an Enginuity code level of 5773 or later. In order to create thin pools and thin
devices and manage them, Solutions Enabler 6.5.0 or later is required. If the Symmetrix Management
Console (SMC) is being used to manage Virtual Provisioning components, version 6.1 or later is needed.
Thin pools can only be created by the customer and cannot be created during the bin file (Symmetrix
configuration) creation process.

Depending on the version of Enginuity there may be restrictions on RAID protections, replication options,
and feature functionality available when using Virtual Provisioning For more detailed information on
Virtual Provisioning, including available functionality dependent on Enginuity, please see the technical
note Best Practices for Fast, Simple Capacity Allocation with EMC Symmetrix Virtual Provisioning
available on Powerlink®.

Windows NTFS considerations

Microsoft SQL Server 2005 or 2008 data files and transaction logs typically exist on Windows Server
NTFS volumes. Therefore there is a requirement to understand the recommendations and behavior of
Windows Server NTFS volume creation and administration for LUNs comprised of EMC Symmetrix
Virtual Provisioning devices.

Implementing Virtual Provisioning on
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Windows Server 2003 and later versions include NTFS implementations that behave in a “thin friendly”
manner. Creation of the NTFS volume and subsequent format operations will only allocate a small number
of the total extents represented by the thin devices.

Previous recommendations for creation, partition alignment, and NTFS allocation unit size select for
volumes that will contain Microsoft SQL Server 2005 or 2008 data and transaction log files are applicable.

Windows partition alignment

Disk devices created from Symmetrix thin devices need to be managed in the same manner as traditional
devices. This includes all recommendations, including correctly aligning disk partitions. All LUNs used to
host Microsoft SQL Server database data and transaction log files should be correctly aligned to provide
optimal performance.

Figure 2 demonstrates the use of the DISKPART utility under Windows Server 2003 SP2. The execution of
the “create partition primary align=64" statement will cause the creation of an aligned volume that will
represent the entire basic disk.

¢ | Command Prompt

C:x>dizskpart

Microsoft DiskPart version 5.2.3798.3959
Copyright (C> 1999-2801 Microsoft Corporation.
On computer: LICOC218

DISKPART > sel disk 22

Disk 22 iz now the selected disk.

DISKPART > create partition primary align=64

DizskPart succeeded in creating the specified partition.

DISKPART > assign mount=c:“myThinDBxDatal

DiskPart successfully assigned the drive letter or mount point.
DISKPART > exit
Leaving DiskPart...

Gainr o

Figure 2. Windows partition alignment operation

GUID Partition Table (GPT) disk devices can be created in a similar manner. Further details on the disk
partition alignment operations can be found on EMC Powerlink in the white paper Using diskpar and
diskpart to Align Partitions on Windows Basic and Dynamic Disks.

Windows Server 2008 automatically creates correctly aligned partitions, and no user override is required.

The final statements in the DISKPART session mount the volume at the C:\myThinDB\Datal location.
This represents a Windows junction point, also known as a mount point. Mount points are typically used to
mount volumes to avoid the limitations imposed by the limited number of drive letters. Customers may
choose the appropriate mechanism to mount the volumes as there is no performance difference between the
use of drive letters or mount points for Microsoft SQL Server database file or transaction log locations.

Windows NTFS volume format

Once volumes have been created on the thin devices presented to a Windows server as LUNSs, it is
necessary to format the volume as Windows NTFS. The example shown in Figure 3 details a command line
execution of the FORMAT . EXE command. It is both a Microsoft SQL Server and EMC recommendation to
use an NTFS Allocation Unit (AU) size of 64 KB. In the example, this is represented by the /A:64K option.
The volume used for the Datal mount point can be seen to have 52 GB of usable storage allocation.

Implementing Virtual Provisioning on
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¢ | Command Prompt

C:nJ>foprmat c:wmyThinDBxDatal ~FS5:NIFS ~sA:64K Q@ ~U:Datal
The type of the file system is RAW.
The new file system iz NIFS.

WARNING,. ALL DATA ON NON-REMOUABLE DISK
DRIVE C:myThinDB\Datal WILL BE LOST?
Proceed with Format (Y-/N>? gy
QuickPormatting 51787M

Creating file system structures.
Format complete.
53038464 KB total disk space.
52964224 KB are availahle.

LR

Figure 3. Windows NTFS volume format

Windows Server 2003 volume format

It is also possible to use the quick format option /Q to reduce the actual time and allocations created by the
Windows NTFS format. For Windows 2003, however, the use of this command line option is not
mandatory. Even when a format command is executed without the use of the quick format option, the
actual allocations do not differ. The “non quick” format operation simply adds an additional scan of the
disk device in search of media errors. This read activity will not generate any additional thin pool
allocations to occur. For example, Figure 4 shows the thin pool allocations after the three thin devices were
formatted. In the display, the thin devices, which represent the LUNs accessed by the Windows server, are
listed under the Thin Devices section. These three Symmetrix devices (0432, 0435, and 0438) represent the
volumes mounted at C:\myThinDB\Datal, C:\myThinDB\Data2, and C:\myThinDB\Log, respectively.

During the format phase the NTFS quick format option was used for the Datal (0432) and Log (0438)
volumes. The volume representing Data2 (0435) did not use the quick option. Datal and Data2 are thin
devices of the same size and the Log device is physically smaller. When comparing the allocations of
Datal and Data? it is clear that both thin devices have the same number of both Pool Allocated Tracks and
Pool Written Tracks. Thus not specifying the quick option will not result in a fully allocated thin device.

With Windows Server 2008 the behavior of a “non-quick” NTFS volume format changes significantly. A non-
quick format will result in a fully allocated thin device. Please see the “Windows Server 2008 volume format”
section for more details

Implementing Virtual Provisioning on
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ommand Prompt

C:xn>zymcfg —sid 536 show —pool SQL_DB1 —thin —-detail
Symmetrix ID: AAA19A38AS36

: PAA19@388536
: SQL_DB1
: Thin
: FBa
Dev Configuration : 2-Way Hir
Pool State : Enabled
# of Devices in Pool H 5
# of Enabled Dewvices in Pool = L
Max. Subscription Percent H

Enabled Devices{5)>:
<

Free Full Device
Tracks Tracks Tracks

276204 275544 Enabled
276204 275528 Enabled
276204 275532 Enabled
276204 275528 Enabled
276204 275544 Enabled

}Tracks 1381828

Thin Devices<3>:
<

Allocated
L]

828630 Bound
828638 Bound
276218 Bound

Figure 4. Thin pool display after NTFS format operations

It should also be noted in Figure 4 that a somewhat even distribution of thin extent allocations is occurring
from the data devices allocated to the pool. This is shown in the Alloc Tracks column in the Enabled
Devices section. Each of the five data devices has an allocation of tracks that is somewhat even, based on
the actual write operations occurring against the thin devices.

Windows Server 2008 volume format

Windows Server 2008 introduces a significant change in the behavior of a NTFS volume format where the
quick option is not used. When a non-quick format is selected, every block on the file system will be
overwritten with zeroes. From a Virtual Provisioning perspective this will cause a thin device to become
fully allocated within its respective thin pool. With this behavior in mind, it is important to select the quick
format option /Q when formatting any thin device on Windows Server 2008. A quick format will perform
similarly to Windows 2003 where only a small number of tracks will become allocated within the thin pool.

Deploying Microsoft SQL Server files on thin devices

There are certain considerations that a database administrator must be aware of when deploying a Microsoft
SQL Server 2005 or 2008 database using Virtual Provisioning. How the various data and transaction log
files as well as some other components of the SQL Server environment work in a Virtual Provisioning
environment depends on the component itself and its usage patterns. This section describes how the various
Microsoft SQL Server components interact with Virtual Provisioning devices.

Transaction log files

Active log files are formatted when a Microsoft SQL Server 2005 or 2008 database is created. Every single
page of the log files is written to at this time so that the log files become fully provisioned when they are
initialized and will not cause any thin extent allocations after this.
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It is important to understand that due to the format operation, the active log files become striped across all
the devices in the thin pool, using the stripe extent size as detailed in the “Symmetrix and thin devices”
section. Therefore, no single physical disk will incur the overhead of all the writes generated to the
transaction log files. If the requirements for a particular implementation require that the transaction logs
need to be separated from the data files, this can be achieved by creating a second thin pool that is
dedicated for the active log files.

SQL Server Instant File Initialization

Microsoft SQL Server 2005 introduced new functionality that altered the behavior during a database
creation phase, and this functionality is also available in SQL Server 2008. Prior to SQL Server 2005,
earlier versions of SQL Server would fully initialize all data file and transaction log file components,
writing to every page in all database files and transaction log files. As of SQL Server 2005, the database
creation phase was no longer required to initialize all data files if Instant File Initialization could be utilized
by the SQL Server environment.

EMC recommends deployment of Microsoft SQL Server 2005 (and later) with Instant File Initialization
functionality with EMC Symmetrix Virtual Provisioning. Earlier versions of SQL Server that do not
include Instant File Initialization will result in full extent allocations for the physical files located on thin
devices. This will result from SQL Server writing to every data page. Details of Microsoft SQL Server
Instant File Initialization can be found in the Microsoft SOL Server 2005 Books Online documentation set
that is provided on the installation media.

Transaction log files will be fully allocated even when using Instant File Initialization.

Figure 5 shows the database create operation using mount point locations that are located on thin devices.
The T-SQL sample CREATE DATABASE statement for the myThinDB database does not require any
special options when using thin devices.

‘v: Microsoft SQL Server Management Studio

File Edit \Wiew Query Project  Took  Window  Community  Help

Huewouery [ |BR M G B St dd  BERE =

4} %) 53 | mostr - BEouws v B D@25 (B E| QEH( = 2|4
Obj 5"F'|i"."5' LIEDCZIB.mast...QLQueryl.sql*}’ Object Explorer Details ] > X
Connect = | 3§ CREATE DATAEBASE wyThinDE =
= uj LICOCZ215 (SQL Server 9.0,3042 C?N RRfiany _ .
[ [ Dakabases i HALME = myThinDE_Primary,
[ Swstem Dtabases FILEWANE = 'C:iwyThinDB4 DataliwyThinDB Primaryfile.mdf',
[ Database Snapshots SIZE = BHB,
[l Pradoe FILEGROWTH = 0),
[ Security FILEGROUP MyDataFG
[ Server Objects { HNAME = Datal,
| Replication FILEMAME = 'C:\wyThinDB\DataliwmyThinDE Datal.ndf',
| Management SLZE = ISDDDME,‘
[ Motification Services FILEGEOWTH = 0,
i_:} SOL Server Agent (Agent XPs [ LME = Daraz,
FILEMAME = 'C:\myThinDBY DataZ\myThlnDB_DataZ 8 T -
SIZE = 15000ME,
FILEGROWTH = 0O
LG ON
[ HAME = myThinDE_log,
FILEMAME = 'e:\wyThinDB\ LoghyThinDB log. 1df',
SIZE = 10000ME,
FILEGRCWTH = 00
GO
-
< »
_Ij Messages
Command{s) completed successfully. =]
e
4 ¥
7 i [ T
4 | _;I |§ Guery executed successfully |LICDC218 (9.05P2) |LICDC21 SAdministrator [52) mazter IUD:Dd:DB ID T

Figure 5. Creation of a SQL Server database

Implementing Virtual Provisioning on
EMC Symmetrix with Microsoft SQL Server
Applied Technology 11



It should be noted that the T-SQL statement will result in the creation of four physical files. The first is the
primary file group, which in this instance is configured with only 8 MB of space. Two data files, each of 15
GB, are also defined to be created. The data files myThinDB_Datal.ndf and myThinDB_Data2.ndf are
located on the two mounts point previously defined. Finally, the transaction log is defined to be 10 GB in
size, and is located on the mount point prepared for the transaction log.

After the execution of the CREATE DATABASE statement, a display of the thin pool devices and
associated allocations is shown in Figure 6. Again, Symmetrix devices 0432 and 0435 shown in the Thin
Devices section represent the data file locations for myThinDB_Datal.ndf and myThinDB_Data2.ndf.
Symmetrix device 0438 is the location for the transaction log file myThinDB Log.1df.

ommand Prompt

C:srsymcfg —sid 536 show —pool SQL_DB1 —thin —detail
Symmetrix ID: BAA198388536

Symmetrix ID : AAB197@380536
Pool Mame : SQL_DB1
Pool Type : Thin
Dev Emulation : FBA
Dev Configuration : 2-Uay Miw
Fool State : Enabled

of Devices in Pool H 5

of Enabhled Devices in Pool
Max. Subscription Percent

En?hled Devices(hl>:

Device
Tracks Tracks

276204 24 Enahled
276204 242484 Enahled
276204 242268 Enahled
276204 242244 Enahled
276284 242468 Enahled

Tracks 1381820
H

Thin Devices{(3>:
<

Sym Total Allocated

Tracks " Tracks 2 Status
828630 Bound
8286308 Bound
276218 Bound

Tracks 19334708 162152 163628
>

Figure 6. Thin pool display after database creation

It is noticeable that the Pool Allocated Tracks and Pool Written Tracks for the transaction log device 0438
counters are substantially higher than for the data file locations. This is a result of Microsoft SQL Server
writing every page of the defined transaction log, which is 10 GB in size. It is clear, therefore, that the data
files, which are defined to be 15 GB each, are not fully allocated and that SQL Server 2005 Instant File
Initialization is recommended for Symmetrix Virtual Provisioning. This functionality allows customers to
fully leverage the benefits offered by the technology.

When using Microsoft SQL Server 2005 Management Studio to view the resulting database, as shown in
Figure 7, it should be noted that SQL Server is unaffected by the use of thin devices, and shows full
allocation of devices as defined in the CREATE DATABASE statement.
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B Microsoft SOL Server Management Studio [_ 0]
File Edit Wew Project  Tools  Window Community  Help
Dpewquey |0y [hth |G| S o W d [ E RS,

Disk Usage - 2... PM - LICOC218 | LICOCZ18.mast...QLQuery1.sg* |~ Obiect Explarer Details | - % |

| Connect [£] | Bl |
= LICOC218 (30L 5t 9.0.3042 | . . af
5 'dJDamb;ﬁf S Disk Usage: [myThinDB] e
£ System Dtoboses on LICOCZ18 ot 2/25/2008 11:42:42 PM
E3@ Database Snapshats
| myThinDe

| ProdoB This report provides overview of the utilization of disk space within the Database.

Bl [ Security

[ Server Obijects Total Space Usage: 40,008.00 [MB
(3 Replication DataFiles Space Uisage: 30,008.00 |MB
L3 Management Transaction Log Space Usage: 10,000.00 |MB
B [ Motification Services
(25 5QL Server Agent (Agent XPs DataFiles Space Usage (%) Transaction Log Space Usage (%)

100 Index 100.0
Unallocated Used
0 W Data T Unused
\ / Onused \ oo )
Mo entry found for autogrow/auteshrink event for myThinDB database in the trace log.
B DiskSpaceUsedby Data Fles
Filegroup Name LogicalFFile Name PhysicalFile Name SpaceReserved | Space Used
C:AmyThinDBADatal
MypDataFG Datal sy ThirDE_Datal.ndf 1465GB 256.00 KB
C:AmyThinDE\Diata2
MyDataFG Data2 Sy ThinDE_Dratad ndf 14.65GB 256.00 KB
. C:AmyThinDB\Datal |
| PRIMARY myThinDB_Primary iy THInDB_ Primaryile, mdf 8.00 MB 1258 =
4 1 21l4 | o
Ready 4

Figure 7. SQL Server Management Studio view of the created database

Finally, when viewing the mount point for the myThinDB_Datal.ndf location (as well as
the primary file) it is seen that Windows NTFS considers the data file to be fully
allocated. The file space allocation view is based on the size of the file created by
Microsoft SQL Server and shows that the file is 15 GB in size.

ommand Prompt

C:x>dir c:smyThinDB~Datal
Uolume in drive C has no label.
Uolume Serial Number is 28F2-B8FC

Directory of c:>myThinDBsDatal

A2-25,2888 16@:18 PM 15,.728.648.8880 myThinDE_Datal .ndf
az2-25,2888 1@:14 PM 8,388,688 myThinDB_Primaryfile. mdf

2 Filed<s> 15,737.0828, 688 hytes
B Dirds> 38.498_809_B88 hytes free

Figure 8. Windows NTFS view of the mount point used for data files

SQL Server TEMPDB database

The usage cycle of Microsoft SQL Server 2005 or 2008 TEMPDB storage deployed on virtually
provisioned storage is interesting to follow and understand. Initially, as TEMPDB is simply another SQL
Server database the rules for data files and log files apply. The transaction log files will be fully allocated at
creation, and data files will be allocated on an as-needed basis.

When temporary space is required from TEMPDB for the first time, thin extents are allocated out of the
associated thin pools. However, when the temporary space is released by the database, the thin extents will
still remain allocated. This behavior will be consistent across restarts of the Microsoft SQL Server instance,
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as extent allocations from thin pools will persist for the life of the thin devices. The fact that TEMPDB may
be reinitialized when the SQL Server Instance is restarted will not affect thin extent allocations. The total
thin extent allocation will be based on the maximum TEMPDB utilization, but will never exceed the
maximum size of the TEMPDB itself (assuming maximum parameters have been set for data files and the
transaction log).

Using Microsoft SQL Server Auto-Grow and Virtual Provisioning

Microsoft SQL Server 2005 and 2008 support the concept of data file and transaction log auto-growth. This
functionality is defined at the time of creation of the database, or may be modified during the life of the
database by using the ALTER DATABASE T-SQL statement.

In general, the Auto-Grow feature of SQL Server is independent of the implementation of Virtual
Provisioning. Auto-Grow functionality will behave in exactly the same manner in a thinly provisioned
environment as it does in a traditional fully allocated environment.

Microsoft SQL Server and EMC guidance for Auto-Grow is to avoid depending on this functionality,
especially in larger environments, where proactive administrator management of file growth is highly
recommended. While Auto-Grow functionality will help databases avoid an out-of-space condition if there
is available space in the volume where a data file is located, it does not grow all data files of a file group at
the same time. Microsoft SQL Server uses a proportional fill mechanism for allocating space for a table or
index across a given file group. If one of the data files executes an Auto-Grow operation, it will be seen to
have proportionally more free space, and will therefore have more table extent allocations made from it.
This in turn may skew workloads.

To ensure even distribution of allocations and workload patterns in more complex database environments
that implement multiple data files within a file group, it is highly recommended to manually extend all the
data files within a file group at the same time. This will ensure that the proportional fill mechanism
continues to evenly distribute data across all data files.

Space reclamation

Solutions Enabler 7.1, in conjunction with the Enginuity 5874 Q4 service release, now provides the
ability to free up, also referred to as “de-allocate,” storage ranges found to contain all zeros. Space
reclamation was designed to be used primarily following a replication or migration activity from a
regular device to a thin device, in which software tools such as Open Replicator and Open Migrator
(for certain environments) copy all-zero, unused space to the target thin volume. This feature is an
extension of the existing Virtual Provisioning space de-allocation mechanism. Previous versions of
Enginuity and Solutions Enabler allowed the reclamation of allocated but unused thin device space
from a thin pool. Administrators now have the ability to reclaim all-zero space, including both host-
unwritten extents that contain all zeros due to file system or database formatting methods. The
space reclamation process is nondisruptive and can be executed with the targeted thin device online
to operating systems and applications.

Starting the space reclamation process will spawn a back-end disk director (DA) task that will examine the
allocated thin device extents on specified thin devices. A thin device extent is 768 KB (or 12 tracks) in size
and is the default unit of storage at which data is allocated for a thin device. For each allocated extent, all
12 tracks will be brought into Symmetrix cache and examined to see if they contain all zero data. If the
entire extent contains all zero data, the extent will be de-allocated and added back into the pool, making it
available for a new extent allocation operation. Should any portion of the extent contain non-zero data,
none of the extent will be reclaimed.
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Space reclamation considerations for SQL Server

Transaction log files

Active log files are formatted when a Microsoft SQL Server database is created. Every page of the log files
is written to at the time of creation so that the log files become fully provisioned when they are initialized.
Because the log file will mostly contain contiguous zeros when first written, its storage has the potential to
be reclaimed by Virtual Provisioning reclamation. Over time, as transactions are written to the log files and
later truncated based on log backup or checkpoint operations, the log file will no longer contain all zero
data. With this behavior in mind, it should not be expected that a log file allocated to a proper size and
used for a given period of time will contain contiguous zeros sufficient enough to be reclaimed.

Should a transaction log file be sufficiently oversized to where areas of the log were never used by SQL
Server, there is the potential that these areas on disk could be reclaimed. While it is possible to reclaim
unused portions of the SQL log file it is generally not recommended to reclaim zero space dedicated to a
log device. Pre-written space on thin devices provides optimum write performance, important for the SQL
log file. Additionally, pre-written space will guarantee thin pool allocations are dedicated and available for
the SQL log file.

Database files

Prior to SQL Server 2005, SQL Server would fully initialize all datafile and transaction log file
components, writing to every page in all database files and transaction log files. The process of writing to
every page during initialization writes contiguous zeros to areas of the database not otherwise used by file
metadata pages. If these zero pages remain untouched by SQL Server there is the potential that the areas
on disk could be reclaimed.

As table and index information is written to a fully initialized datafile, areas of the database become
allocated and used by non-zero user data. Assuming a database file was overallocated to where its
initialized size is larger than the amount of user data in tables and indexes it may be possible to reclaim the
remaining zero space, assuming it was never touched by SQL Server outside of the initialization process
during creation or growth operations. Figure 9 provides a logical depiction of a file system and database
file in this state.

Filesystem

SQL Database

061553e4 01000000 00000000
0027504 00010011 00000000
000&1la93 4010000 00000000
0000275 04000100 00000000
120008l 9340100 00000000
00000027 k5040001 00000000

Table Data Imitialized - Unused
Space

Figure 9. File system and SQL Server database file with initialized and unused space
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As previously discussed, Microsoft SQL Server 2005 introduced new functionality that altered the behavior
during the database creation phase. As of SQL Server 2005, the database creation phase was no longer
required to initialize all datafiles if Instant File Initialization could be utilized by the SQL Server
environment.

Transaction log files will continue to be fully allocated with zeros even when using Instant File Initialization.

Instant File Initialization will be used automatically by SQL Server provided the service account, under
which the SQL Server service is running, has the “Perform volume maintenance tasks” user rights
assignment under the local security policy. By default, only users marked as Administrators have this
permission.

Areas of a disk under which a sparse file is defined, as created by Instant File Initialization, are not zeroed.
Whatever data existed on these areas of the disk, be it zeros or perhaps non-zeros based on the history of
the file system and LUN, will remain. In the context of migrations, should a LUN-based copy be replicated
from a source volume where a database was created with Instant File Initialization, to a target thin device,
the ability to reclaim zero written data will depend on the history of the LUN and file system. Figure 10
depicts this scenario.

Filesystem

SQL Datahasze

081553e4 01000000
0027504 00010011
000&1a%2 =4010000
00002785 04000100
1200081k 53e40100
00000027 5040001

Potentially zero
data baz=d on
histery of the

filesvstem

Table Data Instant File
Imitialization
Unused Space

Figure 10. File system and SQL Server database created with Instant File Initialization

Should user data have ever resided in areas of the database file now considered free based on row or table
delete operations, those areas will be non-zero and will not have the potential to be reclaimed. With SQL
Server 2008 there is a stored procedure called sp_clean _db_free space, which is intended to clean areas of
a database file that are considered free. This procedure is also included with SQL Server 2005 SP3 but is
undocumented. The sp clean _db_free space command will zero not only previously used areas of the
database file, but also areas of the file that have never been used. This operation will subsequently cause
writes and thin pool allocations on areas of the database file that have not been allocated where Instant File
Initialization was used. As a part of the cleaning process each page touched by the procedure will leave
behind database header information. While the majority of the page is zeroed, the page header left behind
makes it impossible to reclaim the space cleaned by this utility. Because of this behavior, it is not
recommended to use sp_clean_db_free space as a means to reclaim space within a SQL database file.
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For more application considerations regarding space reclamation please see the white paper EMC
Symmetrix V-Max Virtual Provisioning Space Reclamation and Application Considerations, available on
Powerlink.

Local and remote replication between thin devices

Organizations will be able to perform “thin to thin” replication with Symmetrix thin devices by
using standard TimeFinder”, SRDF®, and Open Replicator operations. This includes
TimeFinder/Snap, TimeFinder/Clone, SRDF/Synchronous, SRDF/Asynchronous, and SRDF/Data
Mobility.

In addition, thin devices can be used as control devices for hot and cold pull and cold push Open
Replicator copy operations. If a push operation is done using a thin device as the source, zeroes will
be sent for any regions of the thin device that have not been allocated, or that have been allocated
but have not been written to.

Open Replicator can also be used to copy data from a regular device to a thin device. If a pull or
push operation is initiated from a regular device that targets a thin device, then a portion of the
target thin device, equal in size to the reported size of the source volume, will become allocated.

Local replication between thin and regular devices

TimeFinder/Clone supports the creation of clone sessions between regular devices and thin devices
on Symmetrix V-Max arrays as of the Enginuity 5874 Q4 2009 service release.

When a clone copy is made between a regular source device and a thin target device, thin device
extents that have never been written to by a host will not be copied to the target volume. Following
the clone copy, any thin device extents that were allocated on the clone target that contain all zeros
can be reclaimed and added back to the target thin device’s pool. This is accomplished using Virtual
Provisioning space reclamation.

Performance considerations

The architecture of Virtual Provisioning creates a naturally striped environment where the thin extents are
allocated across all volumes in the assigned storage pool. The larger the storage pool for the allocations is,
the greater number of devices that can be leveraged for the Microsoft SQL Server database 1/0.

One of the possible consequences of using a large pool of data devices and potentially sharing these devices
with other applications is variability in performance. In other words, possible contention with other
applications for physical disk resources may cause inconsistent performance levels. If this variability is not
desirable for a particular application, that application could be dedicated to its own thin pool. The
Symmetrix supports up to 512 thin pools.

When a new data extent is required from the thin pool there is an additional latency introduced to the write
while the thin extent location is assigned and formatted. This latency is approximately 1 millisecond, and is
incurred only when a new thin extent allocation is required. Thus for a sequential write stream, a new
extent allocation will occur on the first new allocation, and again when the current stripe has been fully
written and the writes are moved to a new extent. If the application cannot tolerate this occasional
additional latency it is recommend to preallocate storage to the thin device when the thin device is bound to
the thin pool.

Automated pool rebalancing

Starting in the Enginuity 5874 Q4 2009 service release and Solutions Enabler 7.1 with Symmetrix
V-Max arrays, automated pool rebalancing allows the user to run a balancing operation that will
redistribute data evenly across the enabled data devices in the thin pool. Because the thin extents are
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allocated from the thin pool in round-robin fashion, the rebalancing mechanism will be used
primarily when adding data devices to increase thin pool capacity.

The balancing algorithm will calculate the minimum, maximum, and mean used capacity values of the data
devices in the thin pool. The Symmetrix will then move thin device extents from the data devices with the
highest used capacity to those with the lowest until the pool is balanced.

When a thin pool is grown and subsequently rebalanced, depending on the physical location of the data
devices added to the pool, there is the potential for improved performance. For example, should an existing
pool that has data devices residing on 24 physical disks be grown and rebalanced onto 48 physical disks,
not only will capacity be increased, but existing applications within the pool may see a performance gain.

To show the potential performance benefits of automated pool rebalancing, a test was run with an 888 GB
SQL Server 2008 database being used for OLTP activity. The existing thin pool supporting this database
was comprised of 12 mirrored data devices that resided on 24 physical spindles, with the database residing
on 12 thin devices bound to the pool as shown here:

C:\>symcfg show -thin -pool sglbalance -detail -sid 67

Symmetrix ID : 000192601667
Pool Name : sglbalance
Pool Type : Thin

Dev Emulation : FBA

Dev Configuration : 2-Way Mir
Pool State : Enabled

# of Devices in Pool 12

# of Enabled Devices in Pool : 12

Max. Subscription Percent : None

Enabled Devices(12):

{

Sym Total Alloc Free Full Device
Dev Tracks Tracks Tracks (%) State
01D1 1965588 1054716 910872 53 Enabled
01D2 1965588 1053624 911964 53 Enabled
01D3 1965588 1052292 913296 53 Enabled
01D4 1965588 1053372 912216 53 Enabled
01D5 1965588 1052544 913044 53 Enabled
01D6 1965588 1054008 911580 53 Enabled
01D7 1965588 1055376 910212 53 Enabled
01D8 1965588 1053972 911616 53 Enabled
01D9 1965588 1053372 912216 53 Enabled
01DA 1965588 1051176 914412 53 Enabled
01DB 1965588 1053276 912312 53 Enabled
01DC 1965588 1052088 913500 53 Enabled

Tracks 23587056 12639816 10947240 53
}

Thin Devices (12):
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Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound

Pool Pool Pool
Sym Total Subs Allocated Written
Dev Tracks (%) Tracks (%) Tracks (%)
Status
01C5 1965600 8 1326492 6 1284080 6
01Ce6 1965600 8 1513116 6 1472292 6
01c7 1965600 8 764844 4 753310 4
01cCs 1965600 8 1921320 8 1921237 8
01C9 1965600 8 1509024 6 1468598 6
o1ca 1965600 8 1510284 6 1469629 6
01CB 1965600 8 1796256 8 1794997 8
0l1cc 1965600 8 1508148 6 1467650 6
01CD 1965600 8 764868 4 753308 4
01CE 1965600 8 9456 0 9380 0
01CF 1965600 8 8016 0 7678 0
01DO0 1965600 8 7992 0 7656 0
Tracks 23587200 100 12639816 54 12409815 53

}

Database performance in the above configuration, given the high number of database IOPS (shown in
Figure 11), was showing degraded performance. Specifically the read performance against the thin pool
was at an average of over 40 ms response time for many of the files supporting the database, as shown in

Figure 12.
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Figure 11. Database file IOPS before pool growth and balancing
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Figure 12. Database file read response time before pool growth and balancing

o

To help improve performance, an additional 12 mirrored data devices residing on an additional 24 physical
drives were added and subsequently used to rebalance the pool. Once added to the pool using SMC or the
symconfigure command the thin pool looked as follows:

C:\>symcfg show -thin -pool sglbalance -detail -sid 67

Symmetrix ID: 000192601667

Symmetrix ID

Pool Name

Pool Type

Dev Emulation

Dev Configuration
Pool State

# of Devices in Pool

# of Enabled Devices in Pool
Max. Subscription Percent

Enabled Devices (24) :

Sym Total
Dev Tracks
01D1 1965588
01D2 1965588
01D3 1965588
01D4 1965588
01D5 1965588
01D6 1965588
01D7 1965588

Alloc
Tracks

1054716
1053624
1052292
1053372
1052544
1054008
1055376

000192601667
sglbalance
Thin
FBA
2-Way Mir
Enabled
24
24
None
Free Full
Tracks %)
910872 53
911964 53
913296 53
912216 53
913044 53
911580 53
910212 53

Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
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01D8
01D9
01DA
01DB
01pcC
01DD
01DE
01DF
01EO0
01E1
01lE2
01E3
01E4
01E5
01E6
01E7
01E8

1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588

911616

912216

914412

912312

913500
1965576
1965576
1965576
1965576
1965576
1965576
1965576
1965576
1965576
1965576
1965576
1965576

Ul U1 U1 U1 Ul
O W W WwWwww

cNoNoNoNoNoNolNolNolNolNo)

Tracks 4
}

Thin Devices(

7174112

12):

34534152

Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled

Sym
Dev
Status

Total
Tracks

Pool
Allocat
Tracks (

ed

%)

Pool
Written

Tracks

(%)

1965600
1965600
1965600
1965600
1965600
1965600
1965600
1965600
1965600
1965600
1965600
1965600

1053972
1053372
1051176
1053276
1052088
12
12
12
12
12
12
12
12
12
12
12
12
12639960
Pool
Subs
(%)
4
4
4
4
4
4
4
4
4
4
4
4

1326492
1513116
764844
1921464
1509024
1510284
1796256
1508148
764868
9456
8016
7992

1284080
1472292
753310
1921381
1468598
1469629
1794997
1467650
753308
9380
7678
7656

50 12639960

Tracks

}

23587200

12409959

Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound
Bound

In order to rebalance the pool so that all 48 physical spindles would be utilized for the previously existing
database tables and workload, the following command was issued:

C:\>symconfigure -cmd "start balancing on pool sglbalance;"

sid 67

commit -

Following the rebalance command the pool will enter a “balancing” state where data will be copied to the
new devices until all data devices are within at least 10% (or less) difference in the amount of space used.
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Host I/0 will take priority over the balancing activity, so the amount of time the rebalance will take greatly
depends on the amount of data to rebalance, the number of devices available within the pool, and the host

workload.

In the above example the final pool state, once the balancing activity was complete, was the following:

C:\>symcfg show -thin -pool sglbalance -detail -sid 67

Symmetrix ID:

Symmetrix ID
Pool Name
Pool Type

Dev Emulation
Dev Configura
Pool State

# of Devices

000192601667

tion

in Pool

# of Enabled Devices in Pool
Max. Subscription Percent

Enabled Devic

es(24) :

Total
Tracks

1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588
1965588

Alloc
Tracks

580416
579312
582504
579072
578244
579720
581040
579672
579072
576876
578976
577788
474948
474948
474960
474972
474972
474972
474972
471792
473628
474972
474972
474972

000192601667
sglbalance
Thin
FBA

2-Way Mir
Enabled

24

24
None

Free Full

[¢}

Tracks (%)

1385172 29
1386276 29
1383084 29
1386516 29
1387344 29
1385868 29
1384548 29
1385916 29
1386516 29
1388712 29
1386612 29
1387800 29
1490640 24
14950640 24
1490628 24
1490616 24
1490616 24
1490616 24
1490616 24
1493796 24
1491960 24
1490616 24
1490616 24
1490616 24

Tracks 4
}

7174112

12647772

34526340 26

Device
State

Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
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Thin Devices (12):

{
Pool Pool Pool
Sym Total Subs Allocated Written
Dev Tracks (%) Tracks (%) Tracks (%)
Status

01C5 1965600 4 1327344 3 1284942 3 Bound
01Ce6 1965600 4 1513968 3 1473156 3  Bound
01c7 1965600 4 765324 2 753800 2 Bound
01cs 1965600 4 1921464 4 1921381 4 Bound
01C9 1965600 4 1509876 3 1469460 3  Bound
o1ca 1965600 4 1511136 3 1470494 3  Bound
01CB 1965600 4 1796256 4 1794997 4 Bound
0l1cc 1965600 4 1509000 3 1468513 3 Bound
01CD 1965600 4 765360 2 753801 2 Bound
01CE 1965600 4 9456 0 9380 0 Bound
01CF 1965600 4 9300 0 8869 0 Bound
01DO0 1965600 4 9288 0 8841 0 Bound
Tracks 23587200 50 12647772 27 12417634 26

With the thin pool balanced, the performance of the thin devices supporting the database showed a marked
improvement. With the same workload as before, the read response time dropped from 40 ms averages to 3
to 5 ms averages, as shown in Figure 13.
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Figure 13. Database file read response time after pool growth and balancing
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With the significant drop in read response time, the overall IOPS the application could perform increased
for all files in the database, as shown in Figure 14.

1600

1400+

12004 )

a
11:00:08 AM 11:07:38 AM 11:15:08 AM 11:22:36 AM 11:30:08 AM 11:37:38 AM 11:45:08 AM 11:52:38 AM 12:00:17 P
A i [ i
i o Average [ 1,243,676  Minimurn | 0.000  Maximum | 2,854,452 Duration [ 1:00:09

Shaw

i 0 C:oOLE: s

v 1. Ci\5QLBalance\Dataz =i LogicalDisk WLICOCL14

v 1.0 Disk Transfersfsec C:|50LEalance|Datad s LogicalDisk: WLICOCL14

v 1.0 Disk TransFersisec C:\SQLBalance\Datat - LagicalDisk. WLICOC114

~ 1.0 Disk TransFersisec C:\SQLBalance|\Datas - LogicalDisk, WLICOC114

~ 1.0 Disk Transfersisec CilSQLBalance\Datas = LogicalCisk, WLICOC 114

Ff'l 1.0 Disk Transfersisec C:\50LBalancelData? LonicalDisk l\LICOcll 14 _1L|
4 r

Figure 14. Database file IOPS after pool growth and balancing

Thin pool management

When storage is provisioned from a thin pool to support multiple thin devices there is usually more
“virtual” storage provisioned to hosts than is supported by the underlying data devices. This is one of the
main reasons for using Virtual Provisioning. However, there is a possibility that applications using a thin
pool may grow rapidly and request more storage capacity from the thin pool than is actually there. This
condition is known as oversubscription. This is an undesirable situation. The next section discusses the
steps necessary to avoid oversubscription.

Thin pool monitoring

Along with Virtual Provisioning come several methodologies to monitor the capacity consumption of the
thin pools. The Solutions Enabler 6.5 symcfg monitor command can be used to monitor pool
utilization, as well as displaying the current allocations through the symcfg show pool option. There
are also event thresholds that can be monitored through the SYMAPI event daemon, thresholds that can be
set with the Symmetrix Management Console, and SNMP traps that can be sent for monitoring by EMC
ControlCenter® or any data center management product, including Microsoft System Center Operations
Manager.

As thresholds for thin pool storage are met or exceeded, events are raised by the storage array. In a
configuration where the SYMAPI event daemon is implemented on any system with appropriate
connectivity to the Symmetrix DMX™ array, the event daemon will propagate events into the configured
location. This location can include one or more of the following: the Windows event log, an SMNP target,
or a defined log file. When configured to log events in to the Windows application event log, events of the
form shown in Figure 15 will be posted when threshold values are met or exceeded.
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Event Properties ﬂ

Exvent |

Diate: 2/ HE Source:  storewntd + |
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Type: Warning Ewent|D: 0 + |
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Computer: LICOC218
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Figure 15. Windows event log entry for the SYMAPI event daemon

System administrators and storage administrators must put processes in place to monitor the capacity for
thin pools to make sure that they do not get filled. The pools can be dynamically expanded to include more
data devices without application impact. These devices should be added in groups and should be added
long before the thin pool is approaching a full condition. If devices are added individually, hot spots on
disks can be created when much of the write activity is suddenly directed to the newly added data devices
because other data devices in the pool are full. Concerns around creating hot spots can be mitigated with
the use of Automated Pool Rebalancing as detailed in the “Performance considerations” section. The
addition of new data devices to a thin pool is executed in the same manner as the initial allocation of data
devices, and is detailed in the section “Appendix: Virtual Provisioning examples.”

Exhaustion of oversubscribed pools

If a thin pool is oversubscribed and has no available space for new extent allocations, attempts by SQL
Server to write to a page that would require a new data extent to be allocated will result in a continual
redriving of the I/O operation. Informational messages of the form shown in Figure 16 will be posted to
the application event log.
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Event Properties ﬂ E

Event |

Date: 2/27/2008 Sowce:  MSSOLSERVER + I
Time: 2:28:43 M Categony: [2)

Type: Information  Ewent |0: 833 + |
User: Mdd
Computer. LICOC218

LDiesciiption:

SOL Server has encountered 119 occurence(s] of 1/0 requests taking
longer than 15 seconds to complete on file [C:\myThinDB\Data2

M T hinDB_D ataZ. ndf] in database [myThinDE] (5). The 05 file handle is
O0x00000BFC. The offset of the latest long /0 is: 0000001 086000

For mare information, zee Help and Support Center at
hittp: /0. miciozoft com/fwlink Aevents asp

Data: & Bytes  Words

o000: 41 03 00 00 0a 00 00 00 e H
000s: 0% 00 00 00 4c 00 43 00 STt
0010: 43 00 4f 00 43 00 32 00 C.O.C.z. LI

kK I Cancel | Lpply |

Figure 16. SQL Server 2005 I/O request informational message

SQL Server will continue to buffer changed pages in memory until such time as SQL Server memory is
completely filled, or the outstanding writes are able to be serviced. Storage administrators should take
immediate action in the event that these errors are logged as a result of exhaustion of thin pool storage. In
concert with the I/O delay message, the Windows System log may also report disk errors of event ID 11.
These messages are a result of write requests to the thin device being rejected by the Symmetrix target, as
new allocations are not possible as the pool is full.

In the event that additional data devices are added and enabled within the thin pool, Microsoft SQL Server
will write all outstanding data pages to the data files, and will return to normal operating mode for the
database. The resubmission of the outstanding write requests will be successful at the time additional
storage space is available to the thin pool. Subsequently all informational messages from SQL Server and
disk event ID 11 messages will cease to be generated.

The database is protected at all times from any inconsistencies by the Write Ahead Logging (WAL)
mechanism used by Microsoft SQL Server. As stated in the “Transaction log files” section, the transaction
log will be fully allocated from any thin pool it may be bound to. As a result, the transaction log itself will
not suffer from an overallocation issue. At all times, transaction log records will be written to the
transaction log, and will ensure that transactional consistency is maintained even in the event of an
abnormal termination of the server.
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Conclusion

EMC Symmetrix Virtual Provisioning provides a simple, noninvasive, and economical way to provide

storage for Microsoft SQL Server databases. Microsoft Windows Server 2003 or Windows Server 2008 in

concert with Microsoft SQL Server 2005 or 2008 in particular provides the specific features required to

obtain the maximum benefits of Virtual Provisioning. With Microsoft Windows “thin-friendly” NTFS
formatting capabilities, and Microsoft SQL Server 2005 or 2008 Instant File Initialization mechanisms,

customers are able to derive the maximum benefits of Virtual Provisioning.

The following summarizes the optimal configurations of Virtual Provisioning and Microsoft SQL Server:

Microsoft Windows Server 2003 or Windows Server 2008 with NTFS format storage allocation
Microsoft SQL Server configurations with Instant File Initialization
Systems where overallocation of storage is typical

Systems where rapid growth is expected over time but downtime is limited

The following are situations where Virtual Provisioning may not be optimal:

Systems where shared allocations from a common pool of thin devices is not desired

Systems where data is deleted and re-created rapidly and the underlying data management structure
does not allow for reuse of the deleted space

Systems that cannot tolerate an occasional response time increase of approximately 1 millisecond, due
to writes to uninitialized blocks

References

The following can be found on EMC.com and Powerlink:

White papers

New Features in EMC Enginuity 5773 for Symmetrix Open Systems Environments

New Features in EMC Enginuity 5874 for Symmetrix Open Systems Environments

EMC Enginuity 5874 Enhancements for Symmetrix V-Max in Open Systems Environments

EMC Symmetrix V-Max Virtual Provisioning Space Reclamation and Application Considerations

Using diskpar and diskpart to Align Partitions on Windows Basic and Dynamic Disks

Technical note

Best Practices for Fast, Simple Capacity Allocation with EMC Symmetrix Virtual Provisioning

Feature sheet

Symmetrix Virtual Provisioning Feature Specification

Customer manuals

EMC Solutions Enabler Symmetrix Array Management CLI Product Guide
EMC Solutions Enabler Symmetrix Array Controls CLI Product Guide
EMC Solutions Enabler Symmetrix CLI Command Reference

Implementing Virtual Provisioning on
EMC Symmetrix with Microsoft SQL Server
Applied Technology 27



The following product documentation can be found on Microsoft’s website:
e Microsoft SOL Server 2005 Books Online

e Microsoft SOL Server 2008 Books Online

Implementing Virtual Provisioning on
EMC Symmetrix with Microsoft SQL Server
Applied Technology

28



Appendix: Virtual Provisioning examples

The following examples provide further details of commands used to create the example environment
documented in this white paper. They are provided as examples only, and may not represent EMC best
practice recommendations.

Create a thin pool

A thin pool initially needs to be created, such that data devices may be added to provide the storage, and
thin devices may be bound to the pool. Figure 17 shows the creation of a pool named “sql_db1” using the
symconfigure command.

ommand Prompt

C:vJ>zymconf igure —=2id 536 —cmd "CREATE POOL SQL_DE1,. TYPE=THIN;' commit -nop

A Configuration Change operation is in progress. Please wait...

Establishing a configuration change session Established.
Performing Access checks. .. ......... -Allowed.
Checking Device Reservations.. -Allowed.
Committing configuration changes -Reordering.
Creating pools .Done.
Committing configuration changes....

Terminating the configuration change session

The configuration change zession has successfully completed.

LR

Figure 17. Creation of a thin pool

Add data devices to a thin pool

A thin pool is required to contain enabled data devices from which storage allocations can be made for the
bound thin devices. To add devices to a given pool, and set the data device to be enabled, so as to be able to
make allocations against the data device, a symconfigure command as shown in Figure 18 may be
executed. In the example, a range of devices is being processed. Equally, individual data devices may be
added in a similar process.

ommand Prompt

C:N>symconf igure —sid 536 —cmd “"ADD DEVU 4CE:4D2 TO POOL SQL_DB1 TYPE=THIN, MEMBE
R_STATE=ENABLE;" commit -nop

A Configuration Change operation is in progress. Please wait...

Eztablizhing a configuration change session............... Established.
Performing Access checks -Allowed.
Checking Device Rezervation . -Allowed.
Locking devices Py .Locked.
Committing configuration changes . -Reordering.
Adding pool d

Enahling pool devs

Committing configuration changes

Terminating the configuration change session

The configuration change session has successfully completed.

CanD

Figure 18. Adding data devices to a thin pool

To display the currently allocated data devices within the pool, and to view their status (whether enabled
for allocations is displayed), a command of the form shown in Figure 19 may be used.
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Command Prompt
C:n>zymcfg —sid 536 show —pool SQL_DB1 —thin —detail

Symmetrix ID: ABA197038BA536

Symmetrix ARA1 78388536
Pool Name SqL_DB1
Thin
FBA
Dev Configuration 2-Way Hir
Pool State Enabled
# of Devices in Pool 5
# of Enabled Devices in Pool 5
Max. Subszcription Percent

Enabled Devices<5>:
&

Free Full Device
Tracks Tracks (x>
276284 276284 Enahled
276284 276284 Enabled
276284 276284 Enabled
276284 276284 Enabled
276284 276284 Enahbled

Tracks 1381828 1381828
>

No Thin Devices Bound to Device Pool SQL_DB1

Y]

Figure 19. Display devices configured in a thin pool

Bind thin devices to a pool

Once data devices have been allocated and enabled for use within a given pool, it is possible to bind thin
devices to the thin pool. This will cause some extent allocations to be made from the pool, and will enable
the thin device to be accessible to the host. Additionally, necessary mapping, masking, and zoning
operations will need to be executed for the host to access the devices — this functionality is beyond the
scope of this white paper.

Figure 20 provides an example of binding a thin device to a thin pool previously created and populated
with data devices.

ommand Prompt

C:xrsymconf igure —sid 536 —cmd “BIND TDEVU 432 TO POOL SQL_DB1;" commit —nop
A Configuration Change operation is in progress. Please wait...

Establishing a configuration change session Established.
Processing symmetrix 800198308536

Performing ficcess checks fAllowed.
Checking Device Reservations. . .Allowed.
Locking devices. ... ... ..._...... e .Locked.
Validating configuration changes. . Ualidated.
Preparing configuration changes. Saziar .Prepared.
Committing configuration changes . .Started.
Binding devices. .. ... ._..._...... aiaisia .Done.
Committing configuration changes.... .Committed.
Terminating the configuration change szession

The configuration change session has successfully completed.

G

Figure 20. Bind thin devices to the thin pool

Once thin devices have been bound to a given thin pool, it is possible to see both the data devices with the
group as well as thin devices bound to the thin pool. This is shown in Figure 21 and it can be seen that the
thin pool has been overallocated. Currently the thin devices account for 140% allocation of the data
devices, and are shown in the final line of the example under the Pool Subs (%) column, which details the
subscription level of the thin devices from the current thin pool allocation size.
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ommand Prompt

C:xrsymcfy —sid 536 show —pool SQL_DB1 —thin -detail
Symmetrix ID: AAA19A3AA536

Symmetrix ID : PAP17@3080A536
Pool Mame SqQL_DB1

Pool Tupe

Dev Emulation

Dev Configuration 2-Way Mir
Pool State Enabled

# of Devices in Pool 5

# of Enabled Dewices in Pool 5

Hax. Subscription Percent

Enabled Devices(5>:
{

Free Full
Tracks Tracks Tracks «<x>

276284 276204 Enabled
276284 276188 Enabhled
276284 276192 Enabled
276284 276188 Enabled
276284 276188 Enabled

Allocated
Tracks * Tracks 2l

828630 Bound
228630 Bound
276218 Bound

}Tracks 1933478

Figure 21. Display of a thin pool with data devices and thin devices

It can also be seen that the process of binding a thin device to a pool requires a minimal number of
allocations. This is shown in the Pool Allocated Tracks column.
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