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Executive Summary

The high costs and performance challenges associated with traditional disk-based  
storage have inhibited the broad adoption of desktop virtualization. The FlashArray 
all-flash storage system from Pure Storage resolves these issues and delivers superior 
desktop virtualization performance and end-user experience similar a cost at or below 
that of disk-based storage. This paper outlines a performance test that shows the Pure 
Storage FlashArray storage system successfully supporting a complex Citrix XenDesktop 
workload designed to simulate a typical 750-user VDI environment at normal load. This 
paper also outlines other benefits of the all-flash Pure Storage FlashArray including data 
reduction, scalability, and simplified management.

The Business Challenge
The promise of VDI is clear -- virtualizing and centralizing desktops to deliver a more 
secure, manageable, and less costly end-user computing model. The recent explosion 
of x86 virtualization and the availability of increasingly scalable server architectures have 
made virtual desktops more than just technically feasible. Early adopters of VDI are  
finding that with the right investments in infrastructure, virtual desktop systems can  
deliver a client computing model that is both better for the end-user (a truly mobile,  
multi-device computing experience with better performance than dedicated devices)  
and better for IT staff (centralized management, consistent security and policy  
enforcement, resiliency through device independence, and enablement of “bring your 
own device” BYOD  
models).

However, despite the obvious benefits of VDI, adoption has been slow. This is primarily 
due to the following issues:

• Too expensive: VDI deployments, often initiated to reduce the cost per desktop of  
 both equipment and management, frequently fail to achieve the promised ROI due to  
 infrastructure costs. In particular, shared server, networking, and storage resources  
 can be more expensive than dedicated desktops/laptops.  

• Poor end-user experience: Desktop users can be reluctant to accept virtual  
 desktop deployments due to a perception of low performance. Historically VDI   
 deployments, particularly those that rely on traditional spinning disk storage systems,  
 have experienced irregular performance, slowed response times, and lack of avail  
 ability. User frustration and loss of productivity resulting from poor performance are  
 common causes of failed VDI deployments.

• Too difficult to manage: While VDI provides clear benefits; it can also result in more  
 work for IT staff, especially when the VDI environment isn’t correctly deployed. The  
 burden of shared storage management is one aspect of IT that has been found   
 painful, particularly when using traditional disk-based storage systems. As a   
 result of the performance constraints of traditional storage, a complicated system  
 of I/O distribution across disk spindles and controllers must be implemented, in  
 creasing both infrastructure costs and management complexity.
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Overview: Citrix VDI Capacity Program for Storage Partners

In early 2014, Citrix launched a new program designed specifically to address the stor-
age needs of customers who are implementing XenDesktop using the VDI FlexCast 
approach. As part of this program Citrix invited Pure Storage to prove the benefits of 
all-flash storage arrays in XenDesktop environments.  

VDI presents multiple types of data, each with its own unique requirements, to the stor-
age infrastructure tier. Storage in turn can respond to with these requirements using a 
variety of hardware and software based approaches, including all-flash storage solutions. 
The variety of choices and the differences between storage solutions has led to some 
confusion for those deploying VDI. To help resolve the confusion, Citrix has constructed 
a turnkey “VDI Capacity” test environment in their Santa Clara Solutions Lab. This test 
environment contains the necessary capacity and tools to generate 750 users of a refer-
ence XenDesktop workload.

Test methodology

The focus of the VDI Capacity Program is on provisioning the appropriate amount of 
storage capacity with a cost-efficient design. Using a simple, binary pass/fail  
methodology, Pure Storage’s FlashArray all-flash storage solution was proven to  
successfully support the required storage capacity, while sustaining or exceeding  
required performance metrics. 

Login VSI, a highly regarded tool for standardized VDI performance and capacity testing, 
was used to generate VDI workloads and to measure performance. 750 desktops were 
created, launched and executed a workload program that simulates a typical work day. 
Pass/fail was determined by whether or not the storage system used could success-
fully handle the storage demands placed on it without reaching a latency limit called “VSI 
Max”. More about Login VSI can be found at the Login VSI website. Additional test  
results for Pure Storage and Citrix XenDesktop, as measured with Login VSI, can be 
found in the Pure Storage VDI Reference Architecture for XenDesktop.

About Pure Storage

Pure Storage was founded with a simple goal in mind: that 100% flash storage should 
be made affordable, so that the vast majority of enterprise applications can take advan-
tage of the numerous benefits that flash memory affords. The Pure Storage FlashArray 
was designed from the ground-up for the unique characteristics of flash memory with an 
emphasis on simplicity, scalability, and performance.

Pure Storage All-Flash Solution for Citrix XenDesktop

The Pure Storage FlashArray’s entire architecture was designed to reduce the cost of 
high-performance VDI-friendly 100% flash storage. It combines the power of consumer-
grade MLC flash memory with inline data reduction technologies (deduplication and 
compression, among others) to drive the cost of 100% flash storage to a level at or 
below the cost of traditional enterprise disk storage. This approach radically lowers the 
cost of storage for VDI while dramatically improving user experience. Pure Storage’s data 
reduction technologies are particularly effective in XenDesktop environments, typically 
providing >5-to-1 reduction for stateless desktops and >10-to-1 reduction for stateful 
desktops.
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It’s important to note that unlike some flash storage systems, the FlashArray was 
designed with enterprise-class scale and resiliency in mind. FlashArray includes a true 
active/active controller architecture, online capacity expansion, and online non-disruptive 
code upgrades. It also employs a unique form of RAID protection, called RAID-3D™, 
designed to protect against the three failure modes of flash: device failure, bit errors, and 
performance variability.

The FlashArray is also the simplest enterprise storage for VDI. FlashArray is designed 
from the start to remove the layers of complexity of LUN, storage virtualization, RAID, 
and caching management common in traditional arrays.

Solution components/Architecture Design

This section describes the high level architectural design of the components involved. 
The hardware used for deploying the desktops and software configuration including LUN 
configuration is described in details in later sections.

The preceding figure (1) shows the topology of the test configuration. A major goal of 
the architecture is to build out a highly redundant and resilient infrastructure. The test 
used servers with dual 4 GB Fibre Channel ports connected redundantly to two Brocade 
300 Switches that were connected to redundant FC target ports on the Pure Storage 
FlashArray FA-420. The HP C7000 Blade chassis with BL640c G7 servers was running 
Microsoft Windows 2012 Hyper-V and had redundant network connectivity. It is impor-
tant to note that the infrastructure VMs were deployed on a separate shared storage 
device to insure test repeatability.
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Figure 1: Architectural block diagram showing Pure Storage FA-420 connected to HP blades via  
Brocade SAN switch
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Hardware Configuration

This section details the hardware and software configurations used in the test.

Server Configuration

A single HP C7000 enclosure was used to hold the servers in a separate isolated envi-
ronment. A total of 16 HP BL460c G7 blade servers with 2 processors and 192 GB of 
memory were placed in the HP C7000 chassis. The each server blade was configured as 
follows:

• 2 servers contained the necessary infrastructure VMs 
• 4 servers contained client VMs necessary to drive work load
• 11 servers contained XD7 desktops

The Servers were booted from local drives and hosted Windows 2012 Hyper-V. The HP 
FlexFabric was configured to four FC ports of 4 Gb each to the upstream switch.

Storage Configuration

The Pure Storage FA-420 2.75TB Flash Array configuration comprised of two active/
active controllers and one shelf with 2.75TB of raw flash memory. Four Fibre Channel 
ports, two each from each controller were connected to two Brocade 300 SAN switches 
in a highly redundant configuration as shown in Figure 1 above. A single management 
port of each controller was connected to a management switch and an IP address was 
assigned for managing the Pure Storage FlashArray. The Brocade 300 SAN switch was 
zoned to provide access to the LUNs on Pure Storage array and the hosts.
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Figure 2: HP C7000 blade configuration
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A comprehensive connection map was created using the Pure Storage GUI and is  
pictured below. Note the servers were redundantly connected to the Pure Storage  
controllers.

LUN Configuration

The infrastructure machines were hosted on an entirely separate storage system and 
acted as a repository for the client launcher VMs and infrastructure VMs. Only the Virtual 
desktop write cache and a large shared volume were hosted on Pure Storage LUNs. 

The Storage requirement for the virtual desktops capacity testing was divided into two 
parts, the write cache file LUN and the User data LUN. The requirement and storage 
capacity planning is shown below: 

For Write Cache Files:

6 GB Write cache file per user 
4.5 TB minimum required 
Additional 2.5 TB added to LUN for overhead
Total of 7 TB

For User Data: 

30 GB allowed for each user 
750 * 30 = 22 TB of required space
3 TB added for overhead
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Figure 3: Pure Storage GUI storage connection map
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Total storage capacity required: 

7 TB for write cache + 25 TB for user data = 32 TB required

Further the requirement were:

1. Create a shared LUN of 25 TB to host the User data and share across the 11 servers 

2. Create the write cache LUN on per host basis (i.e not a Cluster Shared Volume (CSV)

Pure Storage LUN Configuration

We created 11 – 2 TB LUNs and one large 25 TB LUN (thin provisioned) that spanned 
across the entire cluster of 11 hosts. Figure 3 and Figure 4 illustrates the Pure Storage 
GUI with a Host group, 11 servers configured with one - 2 TB each for write cache and 
one - 25 TB shared volume. The assumption is we can host approximately 70 desktops 
on a single host, in theory we only need 350 GB to host the 70 desktops’ write cache 
(70 * 5). On Pure Storage, LUN size doesn’t really matter, and we could have created 
400GB or 2 TB, it is all the same and we went with 2 TB per host. Figure 3 and Figure 
4 below shows how the LUNs were configured on Pure Storage FlashArray. Figure 5 
shows the host view of the Pure Storage LUNs.
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Figure 4: Pure Storage GUI showing the details of a single volume
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Figure 5: Pure Storage GUI showing all volumes configured for testing

Figure 6: Host View of the Pure Storage LUNs
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Network Configuration

The HP Virtual connect Flex Fabric was configured to have four networks as follows: 

• Network 1 – internal to HP Virtual Connect for PXE boot of VMs, 5 Gb 

• Network 2 – Connection to lab storage and management, 1Gb 

• Network 3 – Production network for connection between clients and XD VMs, 5 Gb 

• Network 4 – Fibre connection to SAN for vendor storage

The network diagram is shown below.

Software Configuration

The following table shows the software used in the test configuration.
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Figure 7:  Network diagram showing management, production, and PXE network

Software

Microsoft Windows Hyper-V

XenDesktop Suite

Pure Storage FA-420 Purity OS

Login VSI

Microsoft System Center Virtual-
Machine Manager (SCVMM)

2012

7

3.2.7

4

2012

Version
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VM Configuration

VM Configuration used in the test is described below.

Pure Storage Features for VDI

The capacity and performance features necessary to pass the Citrix VDI Capacity  
program test suite are only a small part of the benefits VDI administrators can  
realize from the Pure Storage FlashArray. Some additional features that provide  
significant benefit include:  

Dramatic VDI data reduction

Traditional VDI reference architectures rely on exclusive use of stateless desktops to 
reduce storage consumption and minimize future growth. Pure Storage FlashArray 
includes inline data reduction technologies (both deduplication and compression), which 
perform inline reduction without impacting overall performance. It turns out that both de-
duplication and compression have a tremendous cost and performance benefits for VDI.

The clearest benefit that inline data reduction provides is that it levels the playing field 
between stateless and stateful desktops: both perform the same on flash. Even as users 
access desktop VMs and personal setting are applied it is common to see the data  
reduction of roughly 5-to-1 for linked clones, and 10-to-1 or greater for persistent  
desktops. User data also benefits greatly from data reduction technologies and can be 
stored on the same FlashArray system without performance degradation. 

Simplified configuration and management

VDI administration can be challenging, even without the complexities of managing  
traditional disk-based storage arrays. Tracking WWNs, LUNs, RAID types, caching,  
tiering, spares, and utilization levels can significantly increase the management burden  
on IT staff already tasked with managing desktop devices and supporting infrastructure.

The Pure Storage FlashArray was built from the ground-up to be dramatically simpler: 
the array presents itself as one large pool of storage that can be presented to hosts as 
LUNs. RAID levels concerns are removed with system-wide RAID-3D which requires no 
management. With all-flash systems there is also no management of performance levels, 
wide striping, flash caching, flash tiering, or cache hit rates because every IO is handled 
by high-performance flash.
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Virtual Machine

Active Directory (AD)

DDC

Login VSI Client Launcher

Desktops

PVS

64-Bit Windows 2012, 4GB memory, 1 vCPU

64-Bit Windows 2012, 8 GB memory, 2 vCPU – 
locally configured SQL

32-bit Win7, 1.5 GB memory, 1 vCPU

32-bit Win7, 1.5 GB memory, 1 vCPU

64-Bit Windows 2012, 4 GB memory, 2 vCPU – 
locally configured SQL

Description
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All-flash storage performance for the VDI administrator

Flash performance also benefits the VDI administrator by reducing the time required to 
perform common administrative tasks at the virtualization layer.  Administrative tasks 
take 5x-10x less time to complete when running on Pure Storage FlashArray systems, 
including common administrative tasks such as provisioning large desktop images from 
templates, booting desktop VMs, and recomposing VDI VMs.

Easily transition from pilot to deployment 

Common practice for the deployment of VDI is to start with a smaller proof-of-concept 
and scale up to full deployment in stages.  The FlashArray can scale from small test 
environments up to large production deployments without disruption or data migra-
tion.  Performance is consistent throughout the process, with easy upgrade processes.  
Simple, modular scalability saves VDI administrators from the burden of overprovisioning 
storage or swapping storage systems as performance or data requirements increase.

Low cost per desktop 

The Pure Storage FlashArray provides storage at a cost equal to or lower than that of 
traditional disk-based storage systems.  The cost per desktop for the tested configu-
ration in this paper is approximately $100/desktop based on only partially using the 
FlashArray’s capacity.  When the FlashArray’s capacity is fully utilized the cost per desk-
top can be radically lower.  Because Pure Storage provides consistent uninterrupted high 
performance for mixed workloads, the cost per desktop can be further lowered when 
XenDesktop and other applications run simultaneously on the FlashArray.

Results and Findings

750 Microsoft Windows 7 desktops were deployed on 11 hosts with Citrix XenDesktop 
7.0. Login VSI 3.7 test load generator simulated 750 users logging in simultaneously and 
running a medium workload.  The VSImax value, a metric for successful test run, has to 
be within 4000 to have a successful test run.

All the 750 desktops were well within the VSImax limits during the tests.  The Pure Stor-
age FA-420 passed the test with ease.

Figure 7 below shows the Pure Storage dashboard for the entire duration of the test. The 
data reduction for 750 desktops was well over 7.3X. For the entire duration of the test, 
the Pure Storage FlashArray delivered less than 0.5 msec latency resulting in an excellent 
application response time and a great user experience.
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The key findings of the test are:

1.  The Pure Storage FlashArray received a passing score from Login VSI. The Pure   
 Storage VSImax value was well within the 4000 mark.

2.  Pure Storage FA-420 consistently delivered sub-millisecond response time for the  
 entire duration of the test run including boot up period (simulated “boot storm”  
 scenario).

3.  750 desktops consumed very little capacity on the Pure Storage FA-420 due to the  
 inline data reduction capabilities. The testing achieved a 7.3 to 1 data reduction.

4.  750 desktops were provisioned, booted and shutdown in matter of minutes making  
 the task of desktop deployment much easier.

5.  Other benefits that were observed included:
 a.  The ease of install and setup of Pure Storage FlashArray, it took less than an  
  hour from unboxing to creating LUNs and provisioning to the servers.
 b.  The Simplicity of creation of host cluster group and hosts and subsequently  
  provisioning storage to the hosts
 c.  The ability to visualize the performance characteristics of the workload by   
  means of Pure Storage GUI in terms of IOPS, Latency and data reduction  
  numbers.

Conclusions 

Login VSI test results clearly show the Pure Storage FlashArray passing the Citrix VDI 
Capacity Program benchmark. All-flash shared storage provides extremely high perfor-
mance and capacity savings when deployed with XenDesktop virtual desktop VMs.

However, Login VSI can only test a small subset of the factors which are key to a  
successful VDI deployment. The two primary factors are actual end-user experience  
and administrative/management complexity. Any VDI solution that improves end-user  
experience while reducing operational overhead will result in a superior deployment and 
greater user and administrator acceptance. The Pure Storage FlashArray provides both 
performance and simplicity, driving a better VDI deployment outcome.

Factors such as cost and environment impact are also key aspects of VDI not measured 
in these tests. The Pure Storage FlashArray provides high-performance high-density 
storage for VDI at an initial cost at or below that of traditional spinning disk systems. The 
reduction in rack space, power consumption, and cooling required to run it also result in 
recurring savings over the life of the FlashArray. Pure Storage all-flash systems can make 
or break the ROI of VDI deployment. 

For more information on how Pure Storage improves XenDesktop deployments, please 
visit http://www.purestorage.com
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Addendum 

Minimum storage requirements as determined by Citrix for 750 concurrent VDI 
desktop users:

• Write Cache Files:
 –  6 GB Write cache file per user
 –  4.5 TB minimum required
 –  Additional 2.5 TB added to LUN for overhead

• User Data:
 –  30 GB allowed for each user
 –  750 * 30 = 22 TB of required space
 –  3 TB added for overhead

• Total storage capacity required:
 –  7 TB for write cache + 25 TB for user data = 32 TB required

Citrix Provided Server Configuration

• A single HP C7000 enclosure will be used hold the servers

• The enclosure will be in a separate isolated environment

• Servers will be BL460c G7 with 2 Procs and 192 GB of memory
 – 1 server to contained the necessary infrastructure VMs
 – 4 servers will contain client VMs necessary to drive work load

• A separate Login VSI 4.0 license will be obtained to further provide isolation

• VM Configuration - 32-bit Win7 1.5GB memory, 1 vCPU
 – 11 servers will contain XD7 desktops

• VM Configuration – 64-bit Win7 1.5 GB memory, 1 vCPU
 – Servers will be Windows 2012 Hyper-V
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Citrix Provided Configuration

Network Configuration

• FlexFabric will be configured to allow for either Ethernet or Fibre connectivity from the  

 blades. These will be connected to a 4gb Brocade switch

• Four networks will be created:
 – Network 1 – internal to HP Virtual Connect for PXE boot of VMs, 5 gb
 – Network 2 – Connection to lab storage and management, 1gb
 – Network 3 – Production network for connection between clients and XD VMs,  
  5 gb
 – Network 4 will be either:

• Connection to vendor storage for using iSCSI, 9 gb OR

• Fibre connection to SAN for vendor storage

• There will be no HA or redundancy across the NICs 

XenDesktop Configuration

• XenDesktop 7 will be used
• Provisioning will be done with PVS version 7.0.0.46. Due to MCS working best with  
 file based storage and not all vendors supporting file based storage (NFS), PVS will  
 be used to provision the desktop VMs. This will create a write-intensive environment.
• One each broker (DDC) and PVS VM will be created to support the Infrastructure

Storage Configuration completed by Vendor

• Vendor controls setup of their storage: Number of LUNs, Cache Usage, iSCSI vs   
 Fibre, etc.
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• Citrix will provide any necessary configuration information prior to vendor on-site (IP  
 addresses, etc)

• Vendor must provide full disclosure of configuration. Citrix must sign-off on  
 configuration.

• All configurations must contain best practices as would be recommended to  
 customers in productivity environment

• Vendor must disclose street price of storage configuration, that number will be used  
 to determine cost per user for 750 users 

Definitions

VM definitions

• Infrastructure VMs:
 – All will be 64-Bit Windows 2012
 – AD VM – 4GB memory, 1 vCPU
 – DDC VM – 8 GB memory, 2 vCPU – locally configured SQL
 – PVS VM – 4 GB memory, 2 vCPU – locally configured SQL

• Client VMs
 – 32-bit Win7, 1.5 GB memory, 1 vCPU

• XD VMs
 – 64-bit Win8, 1.5 GB memory, 1 vCPU

LoginVSI

• LoginVSI 3.7 will be used
 – VSIShare will be inside the chassis
 – IOPs medium work load will be used
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