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Introduction

Citrix partners and customers alike are looking to build sg&liablesktop environments on
MicrosoftWindows Server 2008 RZperV and have requested guidance around what to expect

when scaling up those environments. The Citrix team, with help from HP and Microsoft

collaborated on creatingpagescale virtualesk op envir onment at HPOs Ho
This document provides the information gathered during thatveeskiproject.

The virtualization environment was entirely Microsoft WinBews2008 R2 HypeY. The

desktop hostminfrastructure consesl of 3B0 desktop virtual machines each receiving a streamed
Windows 7 image from Citrix Provisioning Server. The server virtualization infrastructure consisted
of 15 virtual machines that hosted the support services for delivering and testingise deskto

Login VSI2.1from LoginConsultants was used to simulate the workload inside the virtual
desktops. Theogin VSIimedium level workload consistdvbérosoftOffice 2007Microsoft
Internet Explorer, and Adolbesks executed in a repeatingitfute bop. TheLogin VSiscript
recordedesponséimes so the usexperience coulek quantified for comparison.
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Executive Summary

Results

A Windows 7 XenDesktop farm was built with 80BHR60chosts servers running Hypéover

the course ohie sevenwveek poject On average, each of the 80 Hyp&osts were running 44

virtual desktops concurrently which provided a total of around 3520 active desktops in the pool.
Upon completion of this project, the desktop farm supported over 3500 degkiapsieskips
reporting acceptable response tiomeer 1800 milliseconfits the Login VSI medium workload

Key Findings

The analysis shows that one of the prifiaatgrsf or t he projectds success
on the blades were not fully utilized. Dieisavior differs from typical sesdi@sed tests where the
processors are normally the bottlenEle&.singldactor that limited the capacity of the farm was

the amount of RAM available in Bie460cservers. The singgerver scalability tests showed th

blade servers capable ofpbdesktops when the available RAM was increased to 96GB. However,
since the hardware had beestered with nly 48GB of RAMthe number ofirtual machinesas

capped a4 per hossince each desktop requit€iB of RAM andapproximately-8GB was used

by the hypervisor

The HP P4000 storage unit provided all the needed performance for the environment and linear
progression analysis shows that the two clusters could have probably handled almost twice as many
desktops. The atidn of the HP Multipath 1/O drivers significantly improved performance for the

host LUNSs.

Although this paper is concerned primarily with the actual test cesglissions can ladgawn

from theobserved performance metrics during the Adstr caréul analysis, the solution
architectbelievehat the hardware and storage would have supported apgiyx@oa Windows

7 desktops provided each Hypenost had 96GB of RAMNd the same workload was used
Furthermore, the team believes that the daittgy would mostHely be the storage platform since
according to the singderver scalability tests that RAM and processor loads would have been well
within the capabilities of tiBt.460cat that level.



WHITE PAPER | XenDesktop 4 on Microsoft HyperV

Testing Methodology

The scalability testing cpleted during this project focused on two areas:-sergkr scalability
and largéarm scalability. THest objective was to be able to identify how many desktops could
run on asingleBL460cblade server. The second objective was to detérommneaary desktops
could run successfully with the given infrastructure, particularly the storage.

Desktop Stages

With those goals in mingerformance data was gatiieduringhree primary desktgpags:
Bootup, Logon, and Worklodglach stage and their chéesstics are discussed below.

Bootup: This stage represents the time between when a desktop is powectd/logrthe
desktop is register€do | crhdeeddy to accept a logon. During the testing the XenDesktop
delivery controllezontrols thed s puippiocess and stattse desktops at a consistent, but
throttled, rate. For the singlerver tests, the spip rate was 20 desktagmscurrently, with new
desktops booted as existing ones registesethrgdarm tests, the spup rate was 10% of the
total cesktop pool, or approximatelyd3fesktopsoncurrently across all the hpgiish the same
behavior of a successful registration initiating another desktop start. Tpesdgsitton algorithm
is randonso the startups occur evenly across the farm

The desktop bootup sequence is the most resatensivestag. As the desktop booptse

storage infrastructure takes the largest hit as it must create fite gragdy@nitialize the

environmentln anenvironmentvhere the operating system is stezh(or provisioned¥uch as

tested here, the network infrastructure is also stressed significantly as the number of simultaneously
booted desktops grows and the boesfdre read across the netwbykically this stage has the

highest storage 1/0 regqeament and a moderate to high CPU requirement.

Logon/Logoff : Thelogon stage is the time between when a user requests a desktop and the
workload is initiated. Thegoff stage is the time between when the user completes the workload

and the desktoprettsn t o t h e The logbif stage issdtifyaldseresource intensiventha

the logon stage, so for the purposes of tests during this project, the results focus on the logon stage.

Duringthe lognstag, t he oper ati ng sy sihggprofilerandseatedlaca d t he
copy oftheprofle During | ogoff, the system must wupdat
stage$ast 3690 seconds each amalve the second highest storage 1/0 requireameha

moderately high CPU requirement.

Workload: Thisstagrepresentsthe s e r 6 s d and Is the period betweeh wherslogon
completes and logoff starf@enerally, this state has the lowest storage 1/0 requirement, but usually
higher CPU utilizatiofor this projecta thirdpartytool from Login Consultants simulated the

user workload.
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Scalability Tests

During the mgleserverscalability tests, the goal wasléntify the maximum number of virtual
desktops a single server supdoytevaluating the server during the three gmynstags.To

evaluate the different staghehost servexhad an ageritom the test harnegsstalled hat
gatheedkey performance counters aisgégond intervals. To measure the user experience, the
simulated workload script recorded responseiities the sessiofor the singkserver tests, the
desktops launched at a fixed rate of three per minute.

During the largéarm scalability tests, the goal was to identify the performance of the supporting
infrastructure as ¢éhdesktop load increased.stich, performance counters on each of the
infrastructure components were monitored during five different load tests. For this environment,
each C7000 chassis had approxim&etesgktops residing on the Bb460chosts Since running

a fullyloaded chssis is not recommended, tledirted testing intervals becaffe, 1400, 2100,

2800, and 350tesktops. These levels allowed the infrastructure load to increase linearly each time
so the infrastructure could be asse3sedlaunch rate for desktops dutimgse tests was

configured so tit all desktops would be loggedithin a 3éminute window.

Test Tools

This section discusses the two primary test tools used in the environment: Login VSI and STAT.
Login VSI was the workload simulation tool from LoginsGltantswww.loginconsultants.com

and is publicly available. The test harness, referred to as STAT is an internal Citrix tool used to
gather performance metrics and coordinate the ICA session launthesdetd®esktop farm.

Login VSI

The key to providing scalability guidance 1is
results when executed in different configurations. In the case of this prdjeginthvsI2.1

virtualsession indexeras slectedThelLogin VSIworkload is gaining popularity in the community

and as such will provide scores which can be compared across hypervisor and hardware platforms.

Comparing results fronamdier versions of Login VSI cannot be dogsause the testatbwas
changed between version 1.x andTh& Login VSI documentation explains the differences but in
general, thmediumworkload was modified, the loop length shortened, and the formula for
creating the index updated.

The VSI Express edition come#twthe medium workload which does the following:

This workload entated a medium knowledge worker using Office, IE and PDF

Once a session has been started the medium workload atilkvepg 12 minutes

During each loop the responsee is measured everyninutes

The medium workload eps up to 5 apps simultaneously

The typeae is 160 ms for each character

The medium workload in VSI 2.0 is approximately 35% more resourdeeitit@nsVSl 1.0
Approximately 2 minutes of idle time is included to semelatvorld users

= =4 8 -8 8 -8 9
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Each loop will open and use:

1 MicrosoftOutlook 2007, browse 10 messages
1 Microsoftinternet Explorer, one instance is left open (BBC.co.uk), one instance is browsed to
Wired.com, Lonelyplanet.com antihggglass.com (heavy flash app)

1 MicrosoftWord 2007, one instance to measure response time, oree itsstaview and edit

document
91 Bullzip PDF Printer & Acrobat Reader, the word docummgminted and reviewed to PDF
1 MicrosoftExcel 2007, a veryda randomized sheet is opened
1 MicrosoftPowerPoint 2007, a pesasation is reviewed and edited
1 7-zip: using the command line versionotiput of the session is zipped

More information about the workload timing can be found idghendix
Test Automation Harness

The testindeveraged st harness called STATranage test runs and gatiedative datalhe
tool usesSQL database quedeslaunch managemearid provides ageritsgatheperbrmance
counters on all Windovised servers. Installthg STATsoftwaraequired that both the .NET
Framework 3.5 SP1 and SQL 2083vedriver be present on all servérghis environment all
servers had the STAT software installed.

The STAT tool provides a way to control the launch rate of desktop sessthersXatdesktop
farm as well as to correlate events, such as login, with performance counters recorded on the host
servers. Thwol was not used to monitor any response times inside the virtual desktops, but it was
configured to monitdkeyperformancecownters on the following infrastructure components:

HyperV Hosts

Desktop Delivery Controllers

Provisioning Services Servers

Active Directory Domain Controllers

Roaming Profile Server

SQL Servers

System Center Virtual Machine Manager Servers

=4 =42 8 -4 8 -5 9

The STAT tool abautomatically recordéslo keysessiofevelstatistics used in this environment:

XML Resolutions: The time elapsed from request to receipt of XML tickets from the Desktop
Delivery Controller (DDC). This time should normally be under 2500msraedlisiadicator of
IMA serviceor DDC issues

Login Time: The time elapsed from launch of the ICA sessitie time the STAT agent
launched theogin VSliworkload. This time should normally be undese80nds and higher
values can indicate issues witrag profiles, or desktop licensing.
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Test Environment

The test environment was built in the HP Solution Center labsheskiig blade technologies.
Storage was provided loyHP StorageWorks P4000 iSCSI SAN(LeftHand) using §1958¢e
nodesThe SANstorage was used exclusively to stongrtihal machine configuration files and
Provisioning Services wrttache drived echnical specifications for the hardware can be found in
the Appendix Both he physical and logicaltatectures are discussedhis section

Physical Architecture

The physical archdteire of the lab idetailed irFigure lbelow
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Figure 1 Physicallayout of the test environment
Servers

As seelin Figure 1physical serveis the XenDesktop environment were either BL680 G5 (full
height) oBL460cG6 hosts. Additional servers, such as DEB8(DL385were used outside the
environmengs client launcheis generatéhe ICA sessions into the farm. TeeBL680cblades
were sed primarily as Hyp¥rhosts for virtual machines running the infrastructureB0'he
BL460cblades were used as the Hypaosts for the virtual desktofg$iedesktop hogblade
servers were housediire C7000 blade chassisvochassisvereused folinfrastructurend
containedive BL460c(one of theBL460& s w a s and terBLS&)cgrversTheconfiguration
and role information for thefrastructure servéostsis providedn Table lbelow
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Hostname Configuration Purpose

INFRA2 Windows Server 2008 R2 x HyperV Host
BL680eG5 96GB, 1Zores Guests: DDC1, STAT, STAT2

INFRA4 Windows Server 2008 R2 x HyperV Host
BL680eG5 96GB, 1Zores Guests: SCYMM2, SQL2

INFRAG Windows Server 2008 R2 x HyperV Host
BL680eG5 96GB, 1Zores Guests: SCVMM4, SQL4

Table 1 Infrastructure Servers

Networking

At the core of the networking infrastructure wasrRAProQirve 5412 gigabyte switch. The C7000
chassis were connected to the core 5412 using Cisco 3120x switcheswailgded&ed links.

The client launcher servers were connected to the core 5412 with ProCurve 2810 gigabit switches
and a 4x16 aggregated linK.the Cisco 3120x chassis switches had been replaced by HP Flex10
technologyeach HypeY network poricould have supported four physical NIC devices

(FlexNICs) enabling total bandwidth of bAGVith the Cisco switaonfiguratioreach host had

onlytwo 1 Gb NICs per host

1 For more information on the F&® technology refer to the HP website.
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Two VLANSs were configured for the environment. VLANG1 represére normal networking
trafficand included a default gatewdyAN62 wagledicatedior iSCSI storage trafamd had no
defailt gateway associated with it.

All 80HyperV virtual desktop hosts had twetwork adapters. One network adapter was
associated with VLANG61 and theetwas associated with VLANé&2ch with 1Gb of bandwidth.

Storage

The storage provided wasHP StorageWorksAB00G2iSCSI SANTheP4000 G2 SAB|

representing a virtualized pool of storage resources, deliver enterprise SAN functionality that
enhances virtual environments, simplifies management, and reduides 4600 is a scalet,
clustered storage systesmt whagéd nesdesmpwhised
together to provide a pool of storage from which iISCSI LUNs are created. These pools are called
0 ¢ | u sTheelusteis are selfotecting in that all data is replicated, and 1/O is automatically load
balanced, acrodsthe storage nodes in the cluster. Clusters can be expanded at any time by adding
additional storage nodes, even while the SAN and volumes are active.

Another consideration is determining the availability settings for the SAN. The P4000 has two levels
of protection. First, each storage node in the cluster can be configured to use disk (or hardware)
RAID to protect against disk failures. Typical RAIBI$ef@,5,80) are available. In addition, the

P4000 offers an additional protection mechanism catdrk®AID. Network RAID replicates

data blocks across nodes such that any node failure or network connection problems will not affect
the availability of the LUNs. Network RAID is set on a per LUN basis. Since both RAID
mechanisms impact the usable cgpaicihe SAN, there is a tradeoff to be made here between
availability and capacithis innovative approach to storage provides a unique data protection level
across the entire SAN, reducing vulnerability without driving up costs.

The SAN in the test adigurationconsisted of 1B4500 G&torage shelves nodeseach with 12
450GB/300K SAS drives providiBglTB d raw storage capacity and 2x18&BSlinks. The
storage was cogfired in two clusteraeh with eight shelvesnfigured with hardware RAILO
providing about 19TB of storage capamtycluster. Each storage nodethad1GbE NICs,
bonded together for an aggregate of 16Gb/seetafork throughpui the SAN

TheHyperV hosts usellVindows Server 208 iSCSI initiator witthe MultiPath1/O (MPIO)

drivers to improve response timdse HP P4000 DSM for MPIO enables ftalktrant paths to

the SAN storage nodes while increasing available bandwidth to thEH@ANP P4000 DSM for

MPIO enables a Hyp#&t server to continually communicatthhe storage node that is hosting a
copy of the data that the weris requesting. In other wsythe MPIO driversallow eaclmostto

keep aopy of the data mapping so thata lookup services and I/O are distributed properly

across the storage ned&hen MPIG was enabled in the environment, a significant boost in SAN
response time was noted and the CPU utilization was no longer biased to a single storage node.

2 For more information on the HP P4000 DSM for MPIO refer to the HP welisitie:/Atv ww.hp.com/go/P4000

3 The multipath driver version uséat the P4500 G2vasMPIO 8.1 with patch 8.1.0.85

10
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Each Hypei host had a 200GB LUBbnfigured for maximum availability. ERCEIN was
asggned to a host via the Windows iSCSI initiator. This LUN hostedttial machine
configurations, writeache drives, and Hypéisaveestate file.

Logical

This section discusses the logical architecture for the environment. The architecture includes
sypport services,dsinginfrastructurend desktop delivery componeiiach of theomponents
isdiscussed below.

Support Services

The support services for this environnoamtain all theetwork and domain services required to
support a virtual deskt@mvironmentTable 2: Infrastructure Support Sereergains the
information about each of the servers running in the environment.

Hostname Configuration Purpose

DC2 Windows Server 2008 K24 Active Directory Domain
BL460c3 G6 48GB, 8cores  Controllef
DNS Service@~orward/Reverse
lookup zones both)

PROFILE1 Windows Server 2008 R2 x File server hosting roaming

4 A physical server was used because early there were issues with DC1 and the networking on INFRA1 where it was hosted. As a
stopgap measure, a sedd®C was created on a physical server. Later the issue with INFRA1 was discovered to be the order of
installation for the HP NIC Teaming drivers.

11
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Hostname Configuration Purpose

BL680eG5 96GB, 1zores  profiles for USERUSER4000.

SQL1 Windows Server 2008 R2 x SQL Server for farm databases
SQL Server 2008 R2 SP1 Hosted XenDesktop, Provisionin
BL680cG5 96GB, 1ores  Services, and STAT databases

Table 2. Infrastructure Support Servers
Hosting Infrastructure

Eighty Hype#V hosts were used to host the virtnathines running XenDesktop. Each host was
on aBL460cwith 48GB of RAM and twoetwork adapterés mentioned earlieme® network
adapter was configured for the iISCSI storage VLAMNGRe other waassignetb VLANG61 for
normal traffic.

Hostname Configuration Purpose

HOST016 HOST80 Windows Server 2008 R4 HyperV Host for 46 guest VMs
BL460eG6, 48GB, &ores

Table 3: Host Servers

All HyperV hosts were running a full version of Wind8erver 2008 RZhe core installatio

mode was not edl because the STAT agentiwstalled and configured to gather performance
dataand the STAT agent required a normal install.mbioe VLAN61 network adapter was
configured in HypeY as the host network. Foitix virtual machines weneated on each host

server providing a total 8680 VMs available to the farm; however due to memory constraints, no
more than 44 VMs were ever running simultaneously on a single host.

After operating system installation, all critical and recomnm#imdkxivs Updates were installed
and the HP NIC drivers installed. Later the servers were updated with i€ |1&1eSCSI
drivers’

5 A physical SQL Server was used because the STAT database required the additional horsepower ag b epagerds
performance monitor counters atsEsond intervals and using the SQL queues for launch processing.

6 The multipath driver version used P4500 G2 MPIO 8.1 with patch 8.1.0.85

12
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Each server containad HPNC532i Dual Port Adapter and one network port was configured to
for VLANG2 which was exclusivelsed for the iISCSI traffic. All servers were then configured with
an individual 200GB iSCSI LUN thesided on the PAOGAN.

XenDesktop Infrastructure

The XenDesktop4 deliveryinfrastructurencludel the XenDesktop Desktop Delivery Controllers
(DDC), Rovisioning Servers (PVa&)d License Servér.addition, Microsoft System Center
Virtual Machine Manager (VMM) servers were configured at the raBdS&\dMIM server per 16
hosts Each VMM server was virtual and had a dedicated virtual SQL Sdreesaomgthysical
host.Table 4: XenDesktop Infrastruct@erverprovides information about each of hlosts
providingXenDesktop relateservices within the environment.

Hostname Configuration Purpose

DDC2 Windows Server 202x64  XenDesktoDelivery Controller
Virtuald 8GB, 4vCPW’ XML Resolutions
Hosted on INFRA1 VDA Registrations

PROV1 Windows Server 2008 R2 x6¢ Provisioning Services
BL460eG6 48GB, &ores Windows 7 vDisk
4x1GbTeamed NICs

PROV3 Windows Server 2008 R2 x6¢ Provisioning Services
BL460eG6 48GB, &ores Windows 7 vDisk
4x1GbTeamed NICs

7 This configuration of Windows Server 2003 R2 x64 is not Bxglipjported by Microsoft on Hypémwith 4 vCPUs.

13
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Hostname Configuration Purpose

SCVMM3 Windows Server 2008 R2 x6« VMM Server assigned to
SCVMM 2008 R2 HOSTOXHOST16
Virtual 4GB, 4CPUs
Hosted on INFRAS

SCVMM5 Windows Server 2008 R2 x64 VMM Server assigned to
SCVMM 2008 R2 HOST33HOST48
Virtual 4GB, 4CPUs
Hosted on INFRA3

SQL2 Windows Server 2008 R2 x6« SQL Server assigned to suppc
SQL Server 2008 R2 SP1 SCVMM2
Virtual 16GB, 4CPUs
Hosted on INFRA4

SQL4 Windows Server 2008 R2 x6« SQL Server assigned to suppc
SQL Server 2008 R2 SP1 SCVMM4
Virtual 16GB, 4CPs

14
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Hostname Configuration Purpose

SQL5

SQL6

Hosted on INFRAG

Windows Server 2008 R2 x6¢ SQL Server assigned to suppc
SQL Server 2008 R2 SP1 SCVMM5

Virtual 16GB, 4CPUs

Hosted on INFRA3

Windows Server 2008 R2 x6¢ SQL Server assigned to suppc
SQL Server 2008 R2 SP1 SCVMM6

Virtual 16GB, 4CPUs

Hosted on INFRA7

Table 4. XenDesklop Infrastructure Servers

After installation of the operating system, Windows Update was initiated and all critical and
recommended updates were installed. In the case pétima Eenter Virtual Machine Manager
servers, Windows Update was run an additione to pick up some critical fixes for VMM Server.

Farm Configuration

Following a standard XenDesktop farm installation, the following additional items were configured
or installed:

1.

2.

ook w

~

Installed Microsoft Hotfix for unsigned PCL printer drivers KB961118
(http://support.microsoft.com/kb/961118

Installed Citrix Pool Management hotfix 4.0.4586 final 350desktop test used a
privately issued CdsPoolMgr binary that was updated with specific finss for t
environment. These fixes should now be available in Hotfix 3 or through Citrix Support.
Installed Citrix Desktop Delivery Controller hotfix 4.0.4529

Disabled SpeedScreen Multimedia

Created XenDesktop policy to disable client printer mappings

Configurel DDC1 as Farm master and disabled accepting registrations per CTX117477
(http://support.citrix.com/article/ctx11747F7

Configured DDC2 as Backup Farm master per CTX117477
(http://support.citrix.com/article/ctx11747F7

Configured DDC3 as Member server per CTX117477
(http://support.citrix.com/article/ctx1174F7

Created five Desktop groupsge for each chassis and each pointing to a single SCVMM
server dedicated to that chassis.

15
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The Provisioning Services farm was also created. The following items represent additional changes
to the environment after the initial default installation.

1.

2.

Instaled NIC teaming drivers and configured a single network that combinedball 4 1G

network cards into a single ik

Reran the Provisioning Services Configuration wizard to reconfigure the services for the

new network

Configured the bootstrap file to caintthe static IP address assigneddb ef the

provisioning servers

Created a |l ocal vDisk store named oOLocal St
configured it for the D: drive

Copied the Windows7 vDisk to kaervers LocalStorage location

16
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Testing Results

This section covers the hilgivel results for the testing completed at the HP Solution Center. The
first section reports on the results achieved from testing a si@jlé®&@0 G6 server in four
configurations. The second section dsesithe results from the large farm testing where 3505
desktops received a perfeatjin VSIMax score.

Single-Server Scalability

The lab consisted of 804600G6 servers each with 48GB of RAM installed. The primary driver
of the singleserveiscalabilit (SSSesting was tdetermine a feasible number of guests for each of
the 80 servers. Since the opportunity presented itself, three additional configurations were also
testedTable 5: SSS Tested Configuratianines the four tested configurations.

Test Run Configuration Notes

96GBd SAN BL460cd G6 RAM doubled to a more
96GB RAM, &ores economical configuration.
2 X 2.26 GHz L5%PNehalem
HP NC532i Dual Port Adapte

96GB0 FIO BL460cd G6 The Fusion 1/0 mezzanine car
96GB RAM, &ores was configured with maximum
2 x 2.26 GHz L5520 Nehalen storage space.
1 Fusion 1/0 320GB

Table 5: SSS Tested Configurations

When testing with the SAN dmuration, no other load was placed on the SAN or the blade
chassis, so optimum throughput would be achievalilinstances of the singlerver testing, the
ProvisioningServer writecache drives for the guests were placed entirely on the staaddgioim,
the VM configuration files for Hyp¥rand the savstate BIN file were also placed on the storage
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with the writecache drive§Vith the exception of the 48GEESSD test rurthe operating system
was always on a different partition than the-eaithe and sagtate files.

Procedure

When performing the singderver scalability test the followpngcedure was executed for each
test run

1. Reboot all of the guest virtual machines. This step resets the operating system back to a new
image with no @s profiles and causes the system page file to be recreated.

Wait for all the desktops to report an ol d
Launch user sessions at the rate of one session every 20 seconds or three per minute.
Automaticallytart the Login VSI medium workload upon desktop login.

When the last user session has launched, wait 15 minutes minimum to allow the Login VSI
workload (1Zninute cycle) to complete.

Add the Logoff.txt file to the Login VSI share to signal all desktops toalodpaffend of

their cycle.

7. Analyze théogin VSlresults and record the data.

arwn

o

The results from the singlerver scability tests are shown ialdle6: SSS Test Results.

VSIMax VM Density VSIResponse Time Login Minimum
Test Run Score per core Avg./Max (ms) Time Avg. Idle CPU%
48GB06 SAN 45 5.625 634/2561 93.31 83.57%
96GBd SAN 90 11.25 1194/3784 38.33 4.64%
48GB06 SSD 45 5.625 633/1212 20.39 87.34%
96GB0 FIO 88 11 1059/3365 24.46 37.66%

Table 6: SSS Test Results

The testig with the Fusion 1/O card was repeated multiple times in an effort to determine why the
performance was lower given that the Fusion 1/O card had specifications that were significantly
higher than those for the sedithte drives. Additional configuratamtions, including maximize for

write operations (at a cost of 50% of the card capacity), smaller block size (4K instead of 64K), and

8 Approximately 32 workstations took longer than 120 seconds to login, which was later determined to be related to a Microsoft
licensing issue and resolved. The adjusted number would be approximseelynzia.2
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different card (160GB) were also tested, but the performance and density were not improved
significantly.

Conclusions from SSS Testing

The SSS testing portion is undertaken for the sole purpose of identifying the number of VMs that a
single server caaeally manage in the environment. The results showdtethatitber o¥/Ms

per server for the 80 hosts in the farm shoeilddbmore than 45. Given that the server would be
collecting performance statistics, 44 guests per host was selected as the per host maximum. With 44
guests per host, the total number of virtual desktops available would be 3520. Inhedition, t
followingconclusions were drawn based on the results of the testing performed:

1 The increase in response time between the @3Bl and the 96GB SAN is attributed
to the high CPU utilizatiowhichsloweduser response timasd possibly throttled SAN
communicatin. A later unpublished run with 75 guests shows a minimum idle CPU
performance around% and a more respedibverage/max response time of
748ms/1482ms, suggesting that 75 guests is a better fit for the hardware.

1 From the data gathered, it appears\Miatensity per core is at least somewhat dependent
on the speed and responsiveness of the storage layer.

1 The SSDs provided the best response times for the login test and the fastest boot times for
the imagesn fact, if the SSDs are used to host the vadgiehe drives the boot time for the
VM is under 80 secondsuggesting that an idle pool of desktops may not be necessary in
situations where users are willing to wait for their desktop to be started.

1 SSDs are a viable alternative for hosting the P\éSaafite drives and the Hypér
memory savstate filesThe SSS score was the same as a SAN and the cost to maintain and
configure SSDs may provide a considerable savings over that of a SAN. The only unknown
with this configuration is the endurance of S&ss type of VDI environment.

1 Theprevailingheory around the reason for thererscoreon the Fusion 1/O cards that
thedata managememtguiresrostmemory and CPU resourcefectively decreasing the
total number of workstations that the haest manage at full capadityaddition, the write
cache drivesvhich are almost exclusively write operatieqaire a considerable amount of
resources since existing datest beerased before being written.

Large-Farm Testing

The largdarm testingakeghe singleserver scalabilitgsultgo the next level with a goal of 3500
Windows 7 desktops across 80 host servers. As mentioned earlier, the test runs werkaonfig
700desktop increment8lthough more thafive test runs were completedtie tab, able7:

LargeFarm Tested Configurations outlines the five primary test runs executed in the environment
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Test Run Configuration Notes

1400 80 Hosts First run with Multipath I/O
Five C7000 Chassis enabled
Dual P4500 RAID10 clusters

2800 80 Hosts Fixedhungsession issues with
Five C7000 Chassis workaround provided by Login
Dual P4500 RAID10 clusters Consultants

Table 7. Large-Farm Tested Configurations

Since the ultimate goal was in fact 3500 desktops, the earlier test levels are used to refine the
configuration and identify possible barriers to success at the 3500 desktinpdeaibth® tests

were not executed with the exact same configuration, the significant differences between the test
runs are outlined below.

Test run at 700 The 70alesktop test run occurred early on while the farm was still beirglbuilt.
700 desktopaere confined to a single C7000 chasserify that SAN traffic would not

bottleneck at the chassis ledothe storage traffic was confined to single cluster of seven shelves
on the P4500 chassis that was configured using hardware RAID5 ¢tapatigk whilehe

remaining shelves were being shipped.

Test runs at 1400, 2100, 280Mese test runs occurred with the desktops being evenly distributed
across all five C7000 chassis. In addition, the hosts were evenly distributed across the SAN with
HOSTO0XHOST40 using cluster 1 and HOSHQSTS80 using cluster 2.

Test run at 350: This test run had the same configuration as run28@00but one additional
change was made to disable the BIOS dynamic power feature to allow all the coreslto run at ful
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capacity. This change was made on the final run because the hosts were reporting event log entries
indicating the BIOS was limiting the available processor.

Procedure

The following test procedure was executed for each test run:

1.
2.
3.

9.

Set the idle pool for eachthe desktop groups to O.
Power off all the guest virtual machines.
Set the idle pool for each of fhe desktop groups equal to 20% of the total number of
desktops expected. For instance with 1400 desktops, each of the five desktop groups would
be seto providea total 0280 desktops at idlEhisapproaclallowed the system to
randomly select desktops for thetest.
Once the desktoser e g i s tldled, setlall ather désktops to maintenance mode to
prevent startup during the test.
Set the lanch rate to have all desktops logged in within 30 minutes. The launch rates were
as follows

700 Desktops 1 desktop every 2.5 seconds

1400 Desktops 1 desktop every 1.25 seconds

2100 Desktops 1 desktop ever® seconds

2800 Desktops 1 desktop every .6nds

350 Desktops 1 desktop every .5 seconds

6. Launch the user sessions.
7.
8. When the last user session has launched, wait 15 minutaeum to allow a complete

Automatically start the Login VSI medium workload upon desktop login.

Login VSI workload (3@inute cycle) to complete.
Add the Logoff.txt file to the Login VSI share to signal all desktops to logoff at the end of
their cycle.

10. Analyze the Login VSI results and record the data.

Login VSI Test Results

This section provides detail aroundsit@res antesponse times measured during the testing. The
Table 8: Login VSI COPI scores for Primary Test showss thescoring model valug®m each

of theprimarytestruns In addition, Table 9: Larfarm Performandeesultglisplays the key
performance indators for each of th@imarytest runs.

9 Since the testing for the 700 desktops was confined to a single chassis, only a single desktop group was used.
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Test Run 700 1400 2100 2800 3500

Uncorrected Optimal Performance Index (UOPI) 700 1400 2100 2800 3505

Lost Session Count before UOPI (LSC) 0 0 0 4 0

Table 8: Login VSI COPI Scores for Primary Test Runs

VSI COPI VS| Response
Test Run Score Time Avg./Max (ms) Average Login Time

1400 1369 770/960 20.53

2800 2711 645/1551 23.03

Table 9: Large-Farm Performance Results

10Due to time constraints with the environment, the actual cause of this increased login time was not determined.
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Figure2: Login VSI Resp@e Time Grapshows the Login V3llax response times as measured
within the guest operating system durin@30@desktopestrun.
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Figure 2: Login VSI Response TimeGraph

As indicated by the graphe maximum response timesdarow over the course of the test but is

entirely contained withinthes2e cond oopti mumé response ti me wi
generally an indicator of host CPU resources and since the VM density (5.6 per core) is just over half
of the maximum redts (11 per core) obtained during the SSS testing, these results are to be
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Figure 3: XML Response Times
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expectedlhe average response time provides a great indicator of user experienbe, 25@bin t
desktoptest itstayed around 600 milliseconds indicating an excellent usenexper

The STATtool alsarecords various metrics during the course of the test. One such metric is the
XML response time. This metric is generally a good indicator of DDC health during the test. When
the response times grow beyond 2500ms on averag&asiaicture is getting bogged down.

Figure 3: XML Response Tinsg®ws the XML respoasimes recorded during the 38@8ktop

run.

Figure 3 indicates thanth the Average Response Time and Moving Average trend line are within
the 2500 ms acceptablsp@ense time range. The longest was 7000 ms whicledetulre

beginning of the tegitesumably because both DDCs had recently been rebooted and the .NET
Framework had not yet been loaded s@ir§te@equests took longer to be serviced.
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Figure 4: Distribution of XML Response Times

Figure 4Didribution of XML Response Timpsovides a view of the same infororatyy
distribution.This graph shows the percentage of responses that completed within a particular time
frame. In this case, 95% of the response times completed within the expeaéd580ges. The

ideal graph would have 100% of thpareses within the 2500ms range.

Conclusions from Large-Farm Testing

Receiving a perfect Login VSI score for a-fargetest isinusual and in this case #nsindication
thatthe hardware wdully utilized. The SSS testing indicated thaltd€0cserver is capable of
hosting up to 90 desktops, yet in the {&age testing, only 44 desktops were running on each
blade due to limitations on available RAM. Several conclusions can be drawn fgefatine la
test results:

1 The farm could be grown easily by adding RAM to the existing servers assuming the user
workload remained close to the tested Login VSI Medium wofktoaetrselyhe existing
farm could support a workload that wemse CPUintensehan the one tested.

1 The five percent of XML response times that fall outside mdabemended response
period seerto indicate the DDCs were experirg@ resoureeonstrained
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Detailed Performance

This section provides tkeyperformance counteon the coreinfrastructure items as gathered
during the testingf the 350-desktop runOne section is provided for each infrastructure
component: Desktop Delivery Controller, Provisioning Server, System Center Virtual Machine
Manager, and the SQL Servsesoaiated with the SCVMM databdsesp in mind that not every
metric collected is shown here.

The format of the metrics is as follows:

1 Analysis Relevant comments regarding the performance monitoringlderetrends or
iIssues can be identified in tharg, they will baotedin the Analysis field.

1 Chart Excel chart of the perfmon counter data. The chart title indicates the XenDesktop
component, performance counter, and test cycle (Bootup or Login) and uses the following
format: [Component role}-[Perfmon Counter}[Bootup|Login]

Thus a chart title @DC - CPU Idle Time - Bootup would include the CPU Idle Time data for

all DDCs during the Bootup cycle of the desktops. In order to get the data in a readakie format
charts are set to generate thes yaxis labels automatically, so the axis iabygnd should be
notedfor each chart.

Desktop Delivery Controller Performance

During all the test rui3DC1 was functioning as the Pool Master and Farm Mak&wise
DDC2 and DDC3 were functioning slyl in a supportive role handling only XML resolutions and
VDA registrations.
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Analysis

Chart

During the
Bootup phase of
the tests all three
DDCs were
significantly busy

The available CPl
cycles during the
Logincycleare ot
much better than
duringthe Bootup
cycleThis chart
suggests that the
loads were pretty
evenly distributed
across all the
DDCs.
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Analysis Chart
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Analysis

Chart

On a 4 vCPU
guest, the
maximum
%Processor Time
is 400%. This
graph indicates
that approximatel
one and a half
VvCPUs are
required to meet
the IMA service
load generated
duringthe Bootup
phase

IMA Service is
responsible for
XML resolutions
andalso brokering
thedesktops,
which explains the
utilization levels
during the first 30
minutes of the tes
when the desktop
arelauncling.
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