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Virtual Desktop Infrastructure, or VDI, brings the benefits of virtualization to end-user computing. It
has the potential of enabling enterprise IT groups to easily provision and manage desktop computing
while better utilizing IT resources of compute and storage. In other words, VDI has the potential to
reduce the TCO of end-user computing within a business.
The main attributes of storage that usually inhibit a successful VDI implementation are price and
performance. Supporting hundreds or thousands of virtualized desktops using shared storage results
in a random blend of I/O requests that can heavily stress the storage infrastructure. Failing to deliver
the required performance would lead to poor end-user experience. To overcome these performance
issues, customers would invest in a costly storage infrastructure that would eventually inflate the
TCO of the VDI project.
This white paper outlines how the Kaminario K2 all-flash array is able to deliver the required
performance for deploying a successful Citrix XenDesktop VDI implementation, with no compromises
on end-user experience. The K2 has a unique scalable cost-efficient architecture that can both scaleup and scale-out, thus enabling any VDI deployment to start small and grow according to the
capacity and performance needs.

This paper provides details about performance testing conducted using the Login VSI
(www.loginvsi.com). Login VSI is an industry-standard solution that simulates typical user behavior in
centralized virtualized desktop environments. When used for benchmarking, the software measures
the total response time of several specific user operations being performed within a desktop
workload in a scripted loop. The baseline is the measurement of the response time of specific
operations performed in the desktop workload, which is measured in milliseconds (ms).
Numerous tests were conducted in an environment that consisted of a Kaminario K2 all-flash array
hosting Citrix XenDesktop with Machine Creation Services (MCS):


Provision 750 virtual desktops with Personal vDisk – The entire provision took 70 minutes, out
of which 20 minutes were dedicated solely for the preparation of the environment and 50
minutes for the actual deployment of the desktops (detailed results can be found here).



Boot 750 virtual desktops with Personal vDisk –Boot sequence completed in less than eight
minutes. Throughput peaked at over 1,600 MB/s while IOPS peaked at over 94,000.



Data Reduction for virtual desktops with Personal vDisk – K2’s native deduplication and
compression reduced the storage required for 750 virtual desktops by a ratio of 17.6 : 1.



Log-off 750 virtual desktops with Personal vDisk –During the 1.5 minutes test, throughput
peaked at over 800 MB/sec with IOPS peaking at 75,000. Average latency remained well below
0.86ms.



Login VSI performance testing of 750 virtual desktops with Personal vDisk – Provisioning 750
virtual desktops through Citrix XenDesktop, with the specifications requested by Login VSI,
showed throughput peaking at over 900 MB/sec and IOPS with peaks of 50,000 IOPS. Latency
was around 0.5ms throughout the test. The VSImax of Login VSI 4.1 was never reached and
users experienced excellent performance during the whole Benchmark Mode test of Login VSI
Office-Worker workload.

Kaminario is leading the revolution in enterprise flash storage by creating the industry’s most
scalable, intelligent and cost-effective all-flash general purpose storage solution on the market. Built
from the ground up to take advantage of the most modern flash SSD capabilities, the K2 all-flash
storage array is the only product to feature a true scale-out and scale-up architecture that allows
organizations to grow capacity and performance based on their needs. This architecture ensures
both data availability and a consistent level of high throughput, IOPS and low latencies which are
needed to support the demanding random I/O generated by business-critical systems like virtualized
desktops.
Key attributes of the Kaminario K2 all-flash storage array:


Low Deployment and Operating Costs – K2’s CAPEX and OPEX costs can be two-thirds of legacy
or hybrid storage arrays. The K2 has the unique ability to start small and scale according to
storage requirements. With inline global selective deduplication and inline compression, K2’s
effective costs can be below $1 per GB or under $20 per XenDesktop virtual desktop.



Efficient Architecture - K2’s dual-protected K-RAID™ is highly efficient with 87.5% utilization and
highly efficient metadata management allows support for high-density drives.



Easy – Manage any K2 configuration via an intuitive browser-based GUI, no manual tuning, nondisruptive software and hardware upgrades and full VMware VAAI support makes deployment
and integration a breeze.



No Single Point of Failure – K2’s high availability facilitates business continuity and isolated fault
domains guarantee a consistent MTBF when scaling out and up.

Figure 1: K2 Architecture Diagram

More information on the features and cost effectiveness of the Kaminario K2 all-flash storage array
can be found on the Kaminario website or the K2 Technical Architecture White Paper.

In order to show the ability of Kaminario K2 to support Citrix XenDesktop, a set of performance tests
was run on identical configurations of host servers and storage hardware supporting 750 desktop
virtual machines with Personal vDisk (PVD) running Microsoft Windows 7. Detailed hardware and
software configurations used for the testing can be found in the appendix of this document.

Challenge – Deploying a large number of virtual desktops might be taxing on the storage
infrastructure, but must complete as quickly as possible in an agile environment. The initial test was
to provision 750 virtual desktops with PVD using Citrix Machine Creation Services (MCS). Detailed
information on the virtual machine configuration can be found in the appendix.
During the test, the K2 array’s throughput, IOPS and latency were measured using the K2 GUI
performance analysis tab for the duration of the test period.
Results – The overall provisioning process of virtual desktops using Citrix MCS consists of two
phases: Environment preparation and deployment.
Environment preparation has the following steps:
1.
2.
3.
4.

Snapshot of the master image and preparing it to deployment
Copying the master image to each datastore used to hold virtual machines
Creating the necessary computer objects in the Active Directory
Configuring the Internal SQL Server database

Only after Citrix MCS finishes the environment preparation does it start to deploy the virtual
desktops. The environment preparation time is influenced by the number of datastores used to hold
the virtual machines (five in this test environment) and the amount of virtual desktops to deploy.
The overall provisioning process of 750 virtual desktops with PVD took 70 minutes, with a
breakdown of 20 minutes for environment preparation and 50 minutes for the actual deployment of
virtual desktops. During the test, throughput of the K2 array peaked to 1,800 MB/sec and an average
of 1,200 MB/sec. IOPS peaked at 60,000 and averaged at 31,000. Latency average was below 1.0ms.
Details of the deployment results can be seen in Figure 2.
Figure 2: K2 GUI during 750 virtual desktops with PVD provisioning test – Deployment

Challenge – One of the major problems of a VDI infrastructure is a boot storm. A boot storm is a
term that describes a large number of end-users starting their VM environment in a very short
period of time. This scenario is typical for the beginning of a business day. The boot storm action is
very stressful on the network and the storage systems, and has a direct effect on the end-user
experience. The next test measured the load on the K2 all-flash array while 750 virtual desktops
were booted simultaneously through the Citrix Studio application.
Results – Booting 750 virtual desktops is an action that consists of two unseparated processes:
1.
2.

Powering on all the VMs
OS startup process in each VM

The overall duration for the boot storm is dependent on the “Maximum new actions per minute”
parameter in Citrix Studio. Setting this parameter at 750, as shown in Figure 3, allowed the boot
storm to end within five (5) minutes.
Figure 3: Citrix Studio Advanced Parameters

This parameter has a direct impact on the performance of VMware’s vCenter. A second test was
conducted, with the parameter set to 100. This time, the entire boot sequence took seven (7)
minutes. The first process of powering up the VMs was the period where the throughput and IOPS
reached their peak. In a period of two (2) minutes the majority of the VMs were powered up and the
throughput average was 1,500 MB/sec and peaked to 1,600 MB/sec. The IOPS average was 85,000
and peaked to 94,000. During the second process of the boot sequence, the OS startup process, the
average throughput was 1,400 MB/sec, while the average IOPS was 78,000. The latency during the
power-up process averaged at 1.5ms, and during the OS startup process the latency was below 1ms.
The average latency of the entire boot sequence was of 1ms.
Figure 4: Boot Storm of 750 virtual desktops test

Challenge – Deploying a VDI environment from one or more golden images results in similar data
that is multiplied numerous times at the storage level. Efficiency of a storage array is measured,
amongst other metrics, by the ability to reduce the amount of duplicated data within the array.
Deduplication is crucial for VDI deployments in order to offer a low TCO. In an all-flash array, it is also
imperative for the deduplication to always be done inline; otherwise, writing duplicate data will
shorten the flash longevity.
Results –XenDesktop’s MCS default is to deploy the VMs in a linked-clone mode. Linked-clones
reduce the amount of required storage from the array. The Kaminario K2’s data reduction features
of inline deduplication and inline compression are able to reduce this capacity even further. After
deploying 750 XenDesktops on the K2 array, the data reduction of the VDI environment was 29.3 : 1.
Figure 5: Data reduction after provisioning 750 virtual desktops

Starting the different desktops reduced the data reduction ratios, as each VM writes its own unique
data, but still the data reduction ratio was very high at 17.6 : 1. It is important to note that during
the entire lifecycle of a VDI deployment, storage data reduction starts high and then declines until
reaching a plateau. With the K2, VDI with linked-clone deployments will eventually reach around 6:1
data reduction.
Figure 6: Data reduction after starting-up 750 virtual desktops

Challenge – The next test measured the load on the K2 array when logging off the 750 virtual
desktops. Shutting down a virtual desktop causes a peak of I/O requests as disk buffers are flushed
to the virtual drive and applications are closed down. This test measured the blend of random I/O
seen in real-world VDI deployments.
Results – Logging off the virtual desktops generated a high I/O load took less than 1.5 minutes.
Throughput peaked at over 800 MB/sec while IOPS reached a peak of roughly 75,000. Latency
averaged at 0.9ms during the entire test. Details of these results can be seen in Figure 7.
Figure 7: K2 GUI during 750 virtual desktops log-off test

Challenge – A successful VDI environment is measured not only by its ability to withstand massive
provisioning, boot storms and log off sessions of many users, but also by the ability to provide the
end-user with a responsive desktop on which day-to-day work is carried out.
Login VSI simulates users working a typical work day on their virtual desktops, using different
applications such as Microsoft Outlook, Microsoft Word, creating zip files, reading documents,
browsing the web and so on. The workload of all the users combined is translated to an extensive
load on the hypervisors holding the virtual desktops and on the storage system.
In this test, Login VSI 4.1 was used to create and measure the VDI environment performance. Login
VSI uses its known metric of VSImax to measure the overall user performance. VSImax is calculated
differently in version 4.1; it is done by calculating the average of 13 out of the 15 fastest response
times and adding 1000ms to it. Login VSI gradually starts user workload in a period of 48 minutes. If
the response time hits the VSImax it marks the amount of desktops possible to run with good
performance in the environment.
Results – The Kaminario K2 never hit the VSImax, as can be seen in Figure 8.
Figure 8: Login VSI results

In addition to the 48 minutes of the ramp up of users, the test ran an additional hour in steady state.
The average throughput during the run was 430 MB/sec with peaks over 900 MB/sec. The IOPS
averaged at 11,000 and peaked to 50,000. The latency was below 0.5ms during the entire test, as
can be seen in Figure 9.
Figure 9: K2 GUI during the Login VSI run

VDI provides IT groups with the ability to greatly simplify the deployment, management and support
of desktop computing throughout the enterprise. However, by concentrating and blending the I/O
activity of hundreds or thousands of formerly isolated PC hard drives, VDI places huge demands on
the supporting storage systems. This concentrated demand is not steady, peaking into storms when
groups of users perform the same activity such as logging in, leading to dissatisfaction and lower
productivity of end-users. An all-flash storage architecture can fill VDI’s need for performance, but
only if it is also cost-effective, robust and simple to operate.
The ability of the Kaminario K2 all-flash storage array to support large VDI deployments - even when
faced with peak workloads from simultaneous provisioning, boot up and shutdown - was
demonstrated in this series of performance tests, in addition to successfully passing the Login VSI
benchmark. When considering a shared storage for a VDI deployment, such as Citrix XenDesktop, the
Kaminario K2 all-flash array would be the ideal choice.
The K2 is a general purpose all-flash storage array, and is capable of supporting the performance
requirements of multiple environments and mixed workloads with an average pricing of $2/GB.
With VDI, the K2 is able to achieve an effective cost below $1/GB or $20 per virtual desktop, and to
deliver consistent low latency and high performance that is translated to end-user responsiveness
and productivity.
For more information, please visit www.kaminario.com.
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Arrays
Two K2 arrays were used in the testing environment:
1.

A single K-Block K2 with a single shelf of 400GB SSDs was used to host 750 XenDesktops.
Six (6) volumes were configured in a volume-group with deduplication enabled. Five (5)
volumes for the base disks and one (1) volume for the Personal vDisk. All the volumes were
mapped to the ESX cluster running the XenDesktops, as shown in Figure 10.
Figure 10: Volumes view in the K2 GUI

2.

A single K-Block K2 with a single shelf of 400GB SSDs was used to host management services
of XenDesktop and Login VSI (detailed below).

Note: Two K2 arrays were used in order to isolate the storage and performance impact of the
desktops during the Login VSI benchmark. The K2 is more than capable of hosting both
XenDesktops VMs and XenDesktop management services on a single K2 array.

Servers
Two ESX 5.5U2 clusters were used in the testing environment:
1.

A cluster with 16 hosts running the XenDesktop VMs.
Configuration of each host:
 M610 Dell Blade
 Two Intel Xeon E5649 @ 2.53 GHz CPUs – total of 24 cores per server
 96 GB of memory
 Two (2) Dual Port 8GB Qlogic FC HBA; a total of four (4) ports per server

2.

A cluster with two (2) hosts running the following VMs and services:
a. vCenter Appliance version 5.5
b. Citrix MCS and Studio
c. Citrix License Server
d. Citrix StoreFront
e. Login VSI Management Console and VSIshare
f. 30 Login VSI Launchers
g. Microsoft Active Directory

Configuration of each host:





Dell PowerEdge R810
Four 1.994 GHz Intel® Xeon® E7-4850 CPUs for a total of 80 hyper-threaded cores
256GB of memory
Two (2) Dual Port 8Gb Qlogic FC HBA; a total of 4 ports per server

Connectivity
Two 1GbE networks were used to connect virtual machines during the testing while a separate Fibre
Channel (FC) fabric was used to connect the K2 arrays to the host servers.
The first 1GbE network was used for external communication with the VDI host servers and the
server hosting the management virtual machines both of XenDesktop and Login VSI, as shown in
Figure 11.
Figure 11: Network diagram for external network

The second 1GbE network was internal, used to connect the Active Directory Domain Controller to
the virtual desktops and the Login VSI launcher machines as shown in Figure 12 below.
Figure 12: Network diagram for internal network

The FC fabric was used to connect the ESX host servers and the K2 arrays via an 8Gb FC fabric. Each
host was connected to the fabric with four FC paths and the K2 was connected to the fabric with
four FC paths.

Overall Topology
Figure 13 details the entire topology scheme of the testing environment.
Figure 13: Topology scheme of the testing environment

Management Virtual Machine
The entire XenDesktop management environment was deployed on a single VM.
Attribute

Specification

Desktop OS

Windows 2012 R2 Standard

vCPUs

8

vMemory

8,192 MB

Virtual Network Adapter 1

E1000E Adapter

Virtual SCSI Controller 0

LSI Logic SAS

Virtual Disk – VMDK

200 GB

Virtual CD/DVD/Floppy Drives

Removed

Installed Applications





Citrix XenDesktop 7.6
o Delivery Controller (MCS)
o Citrix License Server
o Citrix Studio
o Citrix StoreFront
o Citrix Director
Microsoft SQL Server 2012 Express

Desktop VMs (Login VSI Target environment)
Attribute

Specification

Desktop OS

Windows 7 (64-bit)

vCPUs

2

vMemory

2,048MB

Virtual Network Adapter 1

VMXNET 3 Adapter

Virtual SCSI Controller 0

Paravirtual

Virtual Disk (Base) – VMDK

30GB

Virtual Disk (PVD) – VMDK

3GB

Virtual Disk (XenDesktop’s) – VMDK

16MB

Virtual CD/DVD/Floppy Drives

Removed

Installed Applications








Citrix Virtual Delivery Agent
Microsoft Office 2010
Adobe Reader
Adobe Flash Player
Java
DoroPDF

VSIshare Server and VSIshare Folder
Attribute

Specification

Desktop OS

Windows 2012 R2 Standard

vCPUs

2

vMemory

4,096MB

Virtual Network Adapter 1

E1000E Adapter

Virtual SCSI Controller 0

LSI Logic SAS

Virtual disk – VMDK

200 GB

Virtual CD/DVD/Floppy Drives

Removed

Installed Applications

Login VSI 4.1.2
 Login VSI Management Console
 Login VSI Analyzer
 Login VSI SessionMonitor

Launcher Machines
Attribute

Specification

Desktop OS

Windows 7 (64-bit)

vCPUs

2

vMemory

4,096MB

Virtual Network Adapter 1

E1000E Adapter

Virtual SCSI Controller 0

LSI Logic SAS

Virtual Disk – VMDK

50 GB

Virtual CD/DVD/Floppy Drives

Removed

Installed Applications

Citrix Virtual Delivery Agent

The management virtual machines were configured as follows:


vCenter - The vCenter Appliance version 5.5 with an internal database was used with a
configuration of eight (8) vCPUs and 32GB of memory.



Active Directory Domain Controller – The virtual machine was installed with Windows Server
2008 R2 running the Active Directory, a DHCP server and a DNS server, and was configured with
four (4) vCPUs and 8GB of memory.

All VMware vSphere Storage APIs – Array Integration (VAAI) primitives were supported by the K2
Array. All the ESX hosts were configured to use the following VAAI primitives:




DataMover.HardwareAcceleratedMove (set to 1)
DataMover.HardwareAcceleratedInit (set to 1)
VMFS3.HardwareAcceleratedLocking (set to 1)

The Native Multipath was used with a custom Kaminario SATP (Storage Array Type Plug-in) rule. For
all volumes, the “Round Robin” Policy was used with a path alteration policy setting of one I/O.

Login VSI provides proactive performance management solutions for virtualized desktop and server
environments. Enterprise IT departments use Login VSI products in all phases of their virtual desktop
deployment—from planning to deployment to change management — for more predictable
performance, higher availability and a more consistent end-user experience. The world's leading
virtualization vendors use the flagship product, Login VSI, to benchmark performance. With minimal
configuration, Login VSI products work in VMware Horizon View, Citrix XenDesktop and XenApp,
Microsoft Remote Desktop Services (Terminal Services) and any other Windows-based virtual
desktop solution.
For more information, download a trial at www.loginvsi.com.
Login VSI bears no responsibility for this publication in any way and cannot be held liable for any
damages following from or related to any information in this publication or any conclusions that may
be drawn from it.

