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Executive Summary

This white paper provides guidance and recommendations to tidpomers design a consolidation and
virtualization strategy for deployiniflicrosoft®SQL Serv@softwareon the latests S f PowerEdge
servers andellEqualLogie iISCSI storage arrays.

The goal of this white paper is to introduce consolidation ani&iization strategies, describe benefits
and limitations of each strateggnd to provide a reference in which system architects can design and
implement a successful deployment. It includes considerations and recommendations for the
configuration and dejpyment process at the server and backend storage levels.

The testdetailed in this white papereveal potential bottleneckthat may arise in a consolidated or
virtualized environmenand provide best practices recommendations to mitigate the effetthese
bottlenecks, includingecommended server and virtual machine configurations as welleakloadsizes
supportedby the server and storage configuration.

THIS WHITE PAPER IS FOR INFORMATIONAL PURPOSES ONLY, AND MAY CONTAIN
TYPOGRAPHICAL ERRORS AND TECHNICAL INACCURACIES. THE CONTENT IS
PROVIDED AS IS, WITHOUT EXPRESS OR IMPLIED WARRANTIES OF ANY KIND.

© 2009 Dell Inc. All rights reserved. Reproductimithis materialin any manner whatsoever without the
express written permission of Ddliic. is strictly forbidden. For more information, contact Dell.

Dell the DELlogo, theDELIbadge,EqualLogicand PoweEdgeare trademarks of Dell Indntel and Xeon

are registered trademarks of Intel Corporation in the U.S. and other couniliesysoft, SQL Serveand
Windows Serveare either trademarks or registered trademarks of Microsoft Corporation in the United
States and/or other countried/Mwareis a registered trademark of VMware, li@thertrademarks and
trade names may be used in tldecument to refer to either the entities claiming the marks and names or
their products. Dell Inc. disclaims any proprietary interest in trademarks and trade names other than its
own.
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Introduction

Ly G2RI&Qa §érrygrresar®takihg dciosedild®k within their IT organizations to identify
potential areasn whichcostsaving stratei@gscan be implementedo help reduce operating expenses
One d the challengethat ITorganizations facéodayis how to develop an infrastructure that allows
flexibility, redundancy and higavailability,ease of management, securignd accessontrol whileat the
same timereducingcosts,hardware fooprints, and complexiy.

Not all costsavings strategies are created equal. Some require an upfront investment of hardware and
software while others can be implemented organicaiilyother words usingxisting resources over a
longer period of timeeach with an aciated cost One of he keysto desigring andapplyinga

successful strategy that meets business goals is to gather as much relevaasgatssibleipfront and
create astrategymodel The development of the strategy should pmjected over a periodof time and

the projected outcomeanalyzedo verify that it corresponds tdhe business goal3he strategy model or
business goalshould then be modifie@s needed.

This white paper discusses the key points to consider when designing-sasirs) stréegy. The lessons
learnedin this white paper are the result of evaluatingd implementingvarious strategiesat the Dell
Database Engineering Lab

Audience and Scope

This white paper is intended for customepsrtners,solution architects, storagadmnistrators,and
database administrators whare evaluating, planning consolidation and/or virtualization strategh
providesan overview of variosi considerations anteferencearchitectures for consolidated and
virtualizedSQL Server 20@fployments

Todayos Chall enges

IT organizations face an enormous challenge to keep operations ruarongd the clochkvith increasing
demand and growing complexijtyo the pointthat it becomes difficult for employees to request resources
to fulfill their tasks. fis has lead to circumventing the IT standards and procedures to get the job done
faster, which in turn has lead t@rver sprawkspecially at the database tidbatabases are the engines
that provide data to applications in a typical thre® four-tier environment; webtier, applicationtier,
databasetier, andan optionalstoragetier. With the advent of standardized hardware, a tiered
architecture allowed compartmentalization of applications and separation of resources. Hardware at
each tier provides specific function and requires a specific set of tools to manage and mairttiof

the components are carected via a networkin most cases EtherneiThis separation of resources
providesan easy way for employees bhypass andieploy database sgers for test and development
withouttheL ¢ RSLI NI YSyiQa 2@0SNBAIKG FyR YIylF3aSySyido

The apparent benefiof ease of deployment and development can easéyovershadowed by potential
challengesuch as incompatibility issues that may arise during deployrweproduction, thus delaying

time to market.Security vulnerabilities may also be introduced to the organization due 4oatiched
systems.Overtime, however, servers that were deployed for a specific project that is no longer active

still remain in tle organization just in case a need arises to continue testing and quality assurance (QA). In
the meantime, CPU cycles are lost to idle systdmasconsune valuable wattageadding to thebottom

line of thebusiness costs.

It very quickly becomeapparentthat unmanaged servesprawlcan potentially grow very complex,
adding tothe data center footprintand thecostsfor managementsecurity,power, and cooling.
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Developing a Strategy

The first stego developng a successful strategy is to identify ther@nt challenges. With the increase of
user and application demanthe datacenter footprint typically also increases as more hardware is added.
This results imnincrease in poweand cooling costs as well as managemeamplexity

Developing a comphensive inventory of all hardware and ajgpliion software, along with ails
dependencies, is essential to developing businesdggbased on the areas needimgprovement. For
example, an inventorynay reveal that a large number of hardware resourcesreot efficiently utilized or
that too many unmanaged servers exist that may lead to security risks. Thisatfon helps shape the
business goals such as, increasing server utilization, reducing security risksyaridg power and
cooling costs intte datacenter. In turn, meeting these goals will help simpéhd streamline IT
operations.

Figurel belowshowsa highlevel view of the processf developgnga strategy to help IT organizations
meet their goals.

Identify Current
Challenges

- | | =

ubpace uReduce Hardware widentify

uPower/Cooling Footprint, Candidates and

anderutilzed Power/Cooling Dependencies
Hardware uwincrease Server wPerform

uManagement Utilization and workload analysis
Complexity High Availability uGather SLA's and

uCentralized requirments
management wConsolidate /
Virtualize
\ J

Figurel: Process Flow

Once the challenges and the business goals have been identified, developing a strategy requires more in
depth analysis of the current environmeribcusing on the challenging areas of theamgation. This

analysis should reveal all aspects of how the hardware and software are beingsuseddl aghe internal

and external dpendercties that exist around the system. Understanding exactly thewsystemis being

used, bywhichapplicationsand usersthe expected service level agreements (SLAS) of those users and
applicationsandat what timesit is being accessedill help determine if the system is a candidate for a
consolidated or virtualized environmenthis alsdelps in sizing the crect target configuratiorin which

to consolidatedatabases or virtualize servers

Considerations for Consolidation and Virtualization

Based on the analysis gathered from the candidate syst#mschoice betweertonsolidating databases
onto a single phyisal server ocreatingvirtual machineshat host independent containers for databases
will vary depending on the goals of the organization, number of databases, theaBidAgorkload
analysisto name a few.
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ServerConsolidation

Enterprises are embraty thescaleup strategyto consolidate SQL Server instances onto fewer physical
servers. The scalgp strategyinvolvesadding as muclmemory andas manyCPUs as possible to one
physical system and consolidtag multiple databases or instances. For exdea singlePowerEdgdR900
with 256GB of RAM and fougixcore processors anhosta large number oinstances andlatabases

The benefit of this strategy is that it reduces licensing costs and managefenthallenge with this
configuration is to povide high availability for planneahdunplanned downtimeor a large set of
databases Clustering ananirroring provide wagto mitigate this problemhowever,implementing a
high-availability solution can prove difficult for administrators, siatlehe databases mushailoverwhen
there isdowntime.

In ascaleout strategy, smaller systems are deployed with enough memory and toRlive workload
with a small number of databaseEhe benefit of this strategy is that it avoitte single point of failre
that can occuwhen one system holds all the databases. With less experstaredardsbased hardware,
this strategy is widely implemented today to mitigate large monolithic systemshiblatthe dataof the
entire company This modeposes a challergsince it requires a large number of smapéysicalservers
increased complexitynaintenance overheadsandadditional power and coolingThe term used to refer
to server expansion is calledrversprawl. Ovetime, the costs associated with this el can outweigh
the benefits of the scaleut model.

Server Virtualization

Virtualization offersan innovativesolution that allows multiple instances of operating systems to run on
the same physical hardwaranlocking the capabilities of the hardwaira the past, if a new system was
needed hardware had to be purchased or repurpds@ower requirement had to be accounted for, and
each server wadeployed with a fresh operatingystem image The hardware allocation process could
take days, week®r even months depending on the availability of hardware. Witintualization
technologies, the allocation process of a new virtual machine can take minutes to hoaddition
virtualization technology has multiple benefitfor example maximizinghardwareresource utilization
and providinglogical separation of applications running on the same hardwlaiasoincreases system
availabilityand reducesmanagement and downtime associated with data centers that manage
information in silos.

The tablel belowcomparessome key considerations for each strategjge by side

Tablel Consolidation/Virtualization Considerations

Consolidation Virtualization

Disaster and Needs to be implemented at each level Hardware virtualiation decouples the
Recovery (hardware, software, irtance, databases) guest operating system from the
physical hardware VM snapshotsan
Full hardware redundancy is requiteand be scheduledo quickly restore the

additional server for failover capabilities by state of theoperating systenand
use of MSCS and/or SQL Server mirroring. databases.

Scheduling of backups to disk and tape for
short- and longterm archiving and retrieval.
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Minimize

Downtime

Testing and
Development

Dynamic

Deployment

Licensing Costs

Recommendations
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Patching and upgrade can be accomplished
by performing a restart féover to passive
node in cluster.

Server reboots as a result of test and
dewelopmentaffects other databases and
users on thesame system. Sharing the
hardware can be a challenge if multiple use|
are hosted, but server parameters need to t
modified. Performance tuning needs to be
catered to all databasethat are hosted.

Rigid environment. It requires hardware
setup, software installation, migratingy
creating of databasegven slight variations
in hardware configuration can force multiple
images to be created

Strict account management for all logins,
such as database users and system users.

Reduces operating system and application
licensing costs by consolidating plog
servers onto fewer servers.

Ideal for production environments where the
hardwareand operating system are
completely protected from application users
anddatabase administrators

t26SNPR3IS { SNIBSNA

Entire VM can be moved seamlessly t
separate hardwargallowing for
hardware maintenance and upgrades

Since VMs are compartmentalized,
developers can have omplete control
to modify operating system
parameters to test database impact,
perform reboots, etcwithout other
downtime to other users othe same
host.

Cloning and templates allow for quick
VM deployment. Wan users require 3
new system for development, training
testing, etc., administrators can quickly,
provide a VM wittoperatingsystem
andapplications to users.

May add additional costs for the
hypervisor license and also for each
virtual-machine operating system and
application licensgdepending on
version edition, number of virtual
machinesand licensing schema. Refe
to MicrosoftQ licensng website at:
http://www.microsoft.com/licensing/a
bout-licensing/virtualization.aspx

Ideal for dynamic environments in
which users require complete control
of database and operating system,
quick deployment and dallocating of
virtual systems

As virtual machines proliferate in enterprise environments, the complexity of the underlying storage does
as welt potentially eliminating gains achieved through increased sehagdware utilization and power
and cooling reductions. With EqualLogiC$3 storage virtualization technology, customers can realize
similar gains at the storage layer.

The benefits of EqualLogic iSCSI storage include:

e Virtualized storage enables seamless rebalancing as array members are added.

e By leveraging Ethernet infrasicture, no specialized hardware is required for storage traffic.
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e Easeof-management and highvailability features are included by default.

e Complete integration witlthe Microsoft Volume Shadow Copy Servi§ésS) framework
simplifies creating snapshotsd clones.

Figure Zbelow shows instance consolidatiom physical hardware.

User Databases

System Databases

Database Instances provide
separation of users, system

databases. —_—
% Mlcrosoft
SQL Server2008
Operating System K
OS & RDBMS patches/upgrades

Tuning& Config Params

AZ. Server2008r2

!3 Windows ‘

Microsoft

Physical Hardware ]
CPU, RAM, PCI devices (NICs, HBA N
etc)

External Storage
Physical Database Files

Figure 2:.Consolidated Environment

{ SNIBS NA
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Figure elow shows a virtualized environment with two separate virtual machines.

| User Databhases |

| Svstem Databases |

Database Instance(s) Multistance ‘
can also be installed within a virtual N
machine.

% SQLServerzoos ﬁ SQLServerzoos

Operating System r "y — Y
OS & RDBMS patches/upgrades N\ e RN
Tuning & Config Params —

By

&
Hypervisor Layer — W'rﬁc;vssézvm @ vmware

Physical Hardware
/t!'T wlaX t/L RSOAO

External Storage
Physical Database Fil&sVirtual Madine OS

Figure 3: Virtualized Environment

Consolidation/Virtualization Process

This section describesmia@»xample of a consolidatiomirtualization process performed at the Dell
Database Engineering Labising the processes described above, we first identifiecctradlengesur lab
was facing and produced a table with a high level overview of the currentsstdtine datacenter. Based
on the inventory results, we can now develop a lisgoélsto drive the implementation process.

It is recommended that a development strategy be divided into multiple phases or cycles. During phase
one of our exercises, ugirthe inventory results and business goals described above we can begin to
develop a strategy to meet the goal$he Bblebelowdescribes the high level challenges, inventofy

the entire organization hardwarand proposed goalfr each category.

Table2 Inventory Collection and Goals Table

Challenges Inventory Results

Space Rack space is limited. Four-d2Racks 95% full. Maintain lab footprint.

Reduceack utilization
capacity to 55%.
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Power/Cooling Costs | 105,120kWh/ year

Hardwarelnventory .

(0]

(0]
(0]

(0]

e Storage

(0]

(0]

(0]
(0]

(0]

Under-Utilized

Total 30 servers

13 database servers (25 instances,
140 databases).

A 6 db servers Production
A 4 db servers QA Test
A 3 db servers Development

6 infrastructureservers(DHCP, DNS,
DC, etc.)

5 Applicaion Test/Deservers
4 QAservers

2 backupservers

Fibre Channel SAN (CX700BAE}

3 direct attachedstorage enclosures
(DAS)

50% of servers on SAN
20% of servers on DAS

30% other (internal storage)

UnderUltilized 20%: 6 servexrunning <5%

Low Utilzation60%: 18 servers running at 10%

Medium Utiization14%: 4 servers running 20%

High Utilzation6%: 2 servers running at 50%6%

Resources
20%.
50%
Management
Complexity

of servers.

The core of operations relies aatabase servers.
Increasingly more difficult to manage high numbe

t26SNPR3IS { SNIBSNA

Reduce by 25% to
80,000kWH/ year

Phase out and consolidat
legacy hardware ot 11"
Generation PowerEdge
Servers.

Attain a 40% hardware
reduction to 18 physical
servers while maintaining
SLAs and high utilization
rates.

Consolidatestorage for
increase security,
management, high
availability

Implement a
consolidation strategy on
servers with less than 5%
utilization.

Reduce physical server
management and
introduce standardization

It was identified that as much as 20% of hardwaesources were undeutilizedand as muoh as 60% had
low utilization patterns. Even though the goal is to reducéer-utilized systems, not allinder-utilized

systems could be candidates for either a consolidated or virtualized environment.

In sorepucass

utilizationwas a result of sizing hardware for a specific database server. The sizing process to allocate
hardware for databases takes into account projected growth ¢ivee. For databases that are projected

to grow rapidly and have a high mgce utilization patterns will not be candidates for consolidation or
virtualization during the first phase of implementation. If during future phases it is determined that the

10

by F



Considerations to Consolidate and Virtualize Micrds8@L Serv2y 58t f 1 t 29 SNPRISu { SNISNE
58tf Oliddt[23A0n {dG2N} 35

anticipated growth rate or utilization patterns have not been met, the datzhserver could become a
candidate for consolidation or virtualization depending on features required.

Figure4 belowshows a flow diagram with the strategy development process.

Identify
Challenges

Additional HA, ™
Ease of Deploymen

Figure 4: Strategy &elopmentFlow

Oncethe candidate systembave been idetified, the next step is to gather comprehensive performance
information during the workload analysis phase. The table below describes the statislicystem
information gathered for a PowerEdge 28&&rver

Table3 CandidateLegacyConfiguration

PowerEdge Server PowerEdge 250

Processors SingleDuatCore Intel Xeon 2.66GHz 800MHz front side bus,MB 2
processors

Memory 4GB (2 2GBDDR2

Internal HardDrives Two 7K36GB RAID1 for the operating system

External Storage Varies Some PE285krversuse internal storage for databases, while
others have external storage such as SAN or Direct Attached.

11
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Operating System

Microsoft Windows Serv&2003StandardEdition

Database SQL Server 20&andard Edition
Number of Database &tances| 1
Number ofUser Databases 10

Application Dependencies

2 nonproduction application servers rely on these databases to
store/retrieve data for online application. If databases are down, enc
users accessing web front end will get a page not fol@®d messages.

Administration Requirements

Developers do not requireperatingsystem access.

RiskAssessment

Low. A low number of users accessing web application during busin
hours. None during off hours.

Aggregate Databasgize 250GB
WorkloadPattern OLTP
Average Power Consumption, 276Watts

Input Current

2.52amps (110 AC input voltage)

Average CPU Utilization

<5%

Average Disk IOPS

200:500(8-KB 1Csize fordatafiles)

Using the Microsoft Performance Monitoring tool (Perfmon), the follandounters were collected during

a period of 24 hours. We can quickly verify that the system @hory,and IO resources atender-

utilized.

Table4 Performance Statistics

Perfmon Counters Minimum Maximum Average
Memory ¢ Pags/sec 0 303 10
Memory ¢ Available Bytes 54 59 55
Physical Disk% Disk Time 36% 52% 44%
Physical Disk Avg. Disk sec/Read (_Total) 0.000 0.004 0.003
Physical Disg Disk Reads/sec (_Total) 91 125 104
Physical Disg Average Disk Queue Length 0 5 3

12
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Processor, % Processor Time 2% 12% 5%
Systenx; Processor Queue Length 0 1 0.223
SQL Server BufferBuffer Cache Hit Ratio 98.502% 99.789% 99.586%
SQ Server GeneralUser Connections 4 40 20

Note: For a description of each perfmon counter refer fipéndix C.

Six servers were identifiemspotential candidates with statistics patterns similar to the one shinhe
tables above. Based on the total utilization for all six servers, it was determined that a single R710
systemwould be an ideal candade to consolidate the curreribad. Table4 below describes the target

server for consolidation

Table5 Target Consolidation Configuration

PowerEdge Server ' PowerEdgeR710

Processors Two Quadntel® Xeon® X5550, 2.66Gh#) &acle, 6.40 GT/s QPI,
Turbo, HT
Memory 48-GB (12x45B), 1066MHz Dual Ranked RDIMMs for 2 Processo

Optimized

Internal HardDrives

Two 15K 1465B RAID1 for the operating system

Six 15K 14&B RAID10 for Logs orTempdb

External Storage

Two EqualLogic PS600®K 146GB RAID10).

Operating System

Microsoft Windows Serv&r2008 Enterprise Edition x64

Database SQL Server 2008 Enterprise Edition x64
Number of Database Instances | 3
Number ofUserDatabases 60

Application Dependencies

12 nonproduction applicabn servers rely on these databases to
store/retrieve data for online application.

Aggregate Databas®gize 1,500 GB
Workload Pattern OLTP
Average Power Consumption 365Watts

Input Current

3.4amps (116AC input voltage)

13
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Average CPU Utilization 30%

Average Disk IOPS 1,200(8-K ICsizefor datafiles)

Consolidation Test

The goal of this test is to consolidate six PowerEdge PE8%6rs that weradentified in the previous
step onto an 1{ Generation PowerEdgeerverR710. In addition to the targserver, twoextraservers
were included to provide high availability features to mitigate the concerradarige number of
databases potentially going diifie in case oé server failure. In order to protethe systemfrom
hardware failureatwo-nodecluster was configured as active/passive and sharing the same storage
enclosure. Optionally, a third server was configured as a SQL Server Mirroring partner to provide a
failover mechanism of individual databases to protect from storage failure.

Figure 4belowshows a diagram of the legacy atie target configuratios. SQL Server Mirroring is
implemented to provide high availability at the database level and optiordilsrosoft Clustering is
implemented to provide high avability at the server level.

Mirror Server

Principal Server

MSCS Cluster MSCS Cluster

(Passive Node) |

L J L Shared Storage J
Y RS

Total Power Consumption Legacy Hardware Total Power Consumption Dell 11" Generation PowerEdge

1,656 Watts 939 Watts
*not including storage

Figure 4.Consolidation to physical server implementing SQL Server Mirroring and Microsoft Cluster
Server (MSCS) Clustering

Consolidation Test Methodology

The first test we performed was a scalp test to find out how théR710systemperforms in a
consolidatedenvironment

14
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We developed a set of SLAs for each of the candidate databases to consolidate, such as tramsaction
second, query response timeand high availability. The first step is to migrate each databaseabre

time andto record their performance with a simulated user load to match the actual user load. After we
attained the results for the first test run or baseline, the subsequent test runs added an additional
database ad a baseline for that databaseas recorded. Once all databases had been consolidated
statistics were gathered to verify against each database baseline to etimineo system bottlenecks
caused performance degradation.

Consolidation Results

Figure 51 egacy and Consolidated Resbisow shows the transactions per hour and average tiof¢O

to complete for each of théegacyPE2850 servers. It also shows the performance after #&iE2850
systemswere consolidated onto a single PowerEdgd ®Rserver. The average transactions per hour
remained constant as the same average number of users lagtire system to gather data from the
databases. The biggest gain was achieved at the average response time. Notice that after the
consolidataionwe have only a 6 millisecond per 10 transfer and not the sum of each of the legacy servers
sec/transfer.

Thelegacy server angtorage configuration varied greatly. Some legacy serversardganternal drivers
for database data files and some extekstorage.

The target storageonfiguration for the consolidated and virtual environmeminsists of twdell
Equallogic iSCSI storage agagichwith fourteen 15K drives in a RAID10 configuration.

This graph also is indicatieéthat each of the serverBosting a small number of databassasunder-
utilized

s "
Legacy and Consolidation Resul
3 400 = o
T 350 <
8 300 —.\\l o 3
@ 250 \ 8
S 200 )/.\ o E
5 150 7 N
§ 100 S
F 50 l v I a
< Legacy Legacy Legacy Legacy Legacy Legacy R710 <
1 2 _3 _4 5 6

mem TPH 63 81 13 93 65 59 | 370
—m-RT| 8 7 1 5 6 3 6

\ )

Figure 5.Legacy and Consolidated Results

The overall CPU utilization on the target system reached an average e8Q%% The target R7Eystem
was configured with 4&B of RAMhowever, the combned memory usage patterns of the legacy systems
for the database was only 1@b. More tuning can be performed to take advantage of a larger memory
space and perhaps consolidate more databases.

15
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Figure @belowshows the total pwer consumption of the six legacy PE2850 systems versus-adee
cluster with mirroring partnerThe figure also shows the power consumption of only the two nodes either
for the mirror partner or the passive cluster node.

-
Total Power Consumption

m Watts

Total Watts
H
o
o
o

Six PE2850' Three R710's Two R710's

Figure 6:Total Power Consumimon

Virtualization Test

The goal of this test is to deploy a virtual environment with multiple virtual machines in which to
consolidate the databases hosted on the six candidate PowerEdge PE2850 servers idetttiéed
previousstep onto an 11 Generaton PowerEdge Server R710. In addition to the target serverexitna

server was installed with a hypervisor to provide high availability features such as virtual machine failover
or migration.

16
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Figure7 below shows a diagram of the legacy and target mpmrhtion.

Figure 7Legacy and Target Configuration

Virtual Environment Test Methodology

The second test performed was a scalé in a virtual environment test to find out how the R74ystem
performs in a virtual envirament.

The legacy servefHatabase workload was grouped into three categories depending on various factors
such as workload patterns, usage requirements, user acaessso forth. Three Virtual Machines were
created to host each of these three categories. For instance, VM1 osly Asingle instance due to the
fact that the developer needs constant reboots for operating system tymihge the group instances
hosted on VM3 do not require operating system accassl hence each developer can share the same
virtual machine. Thisonsolidation helps reduce Virtual Machine sprawable 5 below describes the
configuration for each virtual machine.

Table6 Virtual Machine Configuration

Virtual Machine 2 Virtual Machine 2

Virtual Machine 1

Virtual Processors| One vCPUs Two vCPUs 4 VCPUs

Virtual Memory 8GB 12GB 24GB

Guest Operating | Windows Server 2008 Windows Server 2008 Windows Server 2008
System Standard Edition x64 Standard Edition x64 Standard Edition x64

17



