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Balancing VDI Desktop Performance, Cost, and Scalability 
VDI delivers tremendous benefits in terms of reducing the cost of provisioning, upgrading and maintaining 

desktops, as well as, making computing resources more flexible. However, VDI is relatively new to most IT 

organizations and requires careful design and the right architecture to deliver a high-performance, cost-effective 

and scalable virtual desktop infrastructure.  

With physical PCs, it was easy for IT organizations to deliver desktops without concern for scale. The desktop 

team would support a fixed number of standardized desktop and laptop PC models designed for different types of 

workers. Each model delivered a predictable level of performance for a predictable price. The reason for this is 

that physical PCs have dedicated and fixed computing resources (memory, CPU, hard drive). With virtualization, 

computing resources are abstracted and pooled to gain more efficiency. With server virtualization, the workloads 

are predictable enabling IT organizations to accurately predict the usage of computing resources. However, with 

desktop virtualization, workloads are unpredictable with large variation between average and peak resource 

utilization. In order to achieve a balance between VDI cost and performance, IT organizations need to find the 

right mix of server, networking and storage infrastructure components and architecture that can scale linearly as 

the VDI user base grows. 

 If the VDI architecture is undersized in terms of memory, CPU or storage, then the desktop performance will 

degrade and the user experience will suffer. If the VDI architecture is oversized, then the cost per desktop will 

increase to make it economically unfeasible to switch from physical PCs to VDI. In order to eliminate the risk of 

under-sizing or over-sizing VDI infrastructure, Cisco Systems and Atlantis Computing have developed a solution 

and reference architecture that is deployed in modular units that scale linearly without increasing the cost per 

desktop or degrading performance. 

The VDI Memory Bottleneck  
Running many desktops on a single virtualized server means running multiple OS and application instances on a 

single server, which demands large amounts of memory. Since CPU performance is outstripping memory 

performance, memory bottlenecks are a common problem. As companies migrate from Windows XP (128MB 

recommended memory) to Windows 7 (1-2GB recommended memory), the density of a server is constrained by 

memory and not CPU. Enterprises are often forced to deploy either four-socket servers or multiple two-socket 

servers to address this problem. These solutions result in more expensive servers, increased power costs, and 

higher licensing costs.  

The VDI Storage Bottleneck 
While the Memory and CPU of a VDI desktop remain on the physical hardware where the desktop executes, the 

virtual desktop hard drive is moved from being connected directly to the physical hardware to having to traverse 

multiple network switches.  Simply stated, VDI replaces one dedicated, low latency and inexpensive physical PC 

hard drive with an expensive, shared, high latency storage array.  The result is both increased latency based on 

the number of network hops from the Windows operating system to the storage array and decreased desktop 

performance. In addition, disk IO that is optimized by the OS for a dedicated physical PC hard drive is randomized 

by the hypervisor converting previously sequential IO that is easy for storage to consume to random IO that 

decreases storage and desktop performance (this is also known as the IO Blender effect). As more desktops are 

added to the VDI deployment, storage contention issues arise from large numbers of VDI desktops competing for 

a limited pool of storage input/output per second (IOPS).  

  

http://virtualizationreview.com/blogs/real-storage/2010/08/virtualization-io-blended.aspx
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Atlantis ILIO Solution Overview 
Atlantis ILIO is a VDI storage and performance optimization solution that integrates with VDI offerings to cut 

storage costs, provide IT teams with more storage options and boost desktop performance. Atlantis ILIO is a 

unique and innovative IO virtualization technology that fundamentally changes the economics and performance 

characteristics of VDI by intelligently optimizing how the Microsoft Windows operating system interacts with VDI 

storage. 

Figure 2.   Atlantis ILIO Solution 

VDI Storage Reduction 

IOPS Offload 
When VDI desktops using the Microsoft windows operating 

system boot, logon, run productivity applications and perform 

routine security and management operations, they generate 

Input/Outputs per second (IOPS) that must be serviced by 

VDI storage. When virtual desktop operating systems and 

applications generate too many IOPS for the storage system 

to handle, VDI desktop performance degrades, lowering 

productivity and thus frustrating users. Shared SAN/NAS 

storage has a fixed number of IOPS that can only be 

increased by adding most storage disks and controllers. 

Because the Windows operating system generates so many 

IOPS, IT organizations must normally buy many more storage 

disks and controllers than would be required for VDI based on 

storage capacity requirements. The result is that the cost of 

VDI storage per desktop to achieve the equivalent 

performance of a physical PC is extremely high. Atlantis ILIO, 

offloads up to 90 percent of the IOPS generated by VDI 

desktops, which enables IT organization to buy storage 

systems for VDI that require up to 90 percent fewer disk. 

Physical Storage Consolidation 
Atlantis ILIO consolidates the storage of duplicate information contained in virtual desktop images by reusing 

shared desktop image components such as the operating system and common applications. The result is a 

decrease of up to 20 times in the amount of storage capacity required for virtual desktops. For example, with a 

1,000 user VDI deployment consuming 30GB of storage per desktop, Atlantis ILIO would reduce the physical 

storage requirements from 30TB to 1.5TB.  

  



http://www.cisco.com/en/US/docs/solutions/Enterprise/Data_Center/Virtualization/ucs_xd_xenserver_ntap.pdf
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Figure 4.   Atlantis ILIO Top-of-Rack Deployment Diagram 
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Figure 5.   Atlantis ILIO OnBlade Deployment Diagram 

 

  





http://support.citrix.com/article/CTX125747


http://support.citrix.com/article/CTX117374
http://support.citrix.com/article/ctx124185
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Solution Validation and Testing Methodology 
The section describes the solution validation and the testing methodology that was used in both Top-of-Rack 
solution (figure 6) and OnBlade solution (Figure 7).  

Figure 6.   Testing Architecture for Atlantis ILIO Top-of-Rack Solution 
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Figure 7.   Testing Architecture for Atlantis ILIO OnBlade Solution 

 

Test Methodology and Success Criteria 
All validation testing was conducted on-site within the Cisco labs with joint support from Atlantis Computing 

resources. The testing results focused on the entire process of the virtual desktop lifecycle by capturing metrics 

during the desktop boot-up, user logon, user workload execution (also referred to as steady state), and user logoff 

for both of the VDI models. Test metrics were gathered from the hypervisor, virtual desktop, storage, and load 

generation software to assess the overall success of an individual test cycle. Each test cycle was not considered 

passing unless all metrics were within the permissible thresholds as noted as success criteria.  

Load Generation 
Within each test environment load generators were utilized to put demand on the system to simulate multiple 

users accessing the XenDesktop environment and executing a typical end-user workflow. To generate load within 

the environment, an auxiliary software application was required to generate the end user connection to the 

XenDesktop environment, provide unique user credentials, initiate the workload, and evaluate the end user 

experience.  
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Detailed Test Results 
This section includes additional graphs and details of the information summarized above. 

Atlantis ILIO Top-of-Rack 
This graph shows the percentage of IOPS serviced by Atlantis ILIO (blue) vs. the percentage of IOPS serviced by 

the SAN/NAS device (Red). As discussed in the Storage Sizing section of this document, IOPS Offload and 

particularly Write IOPS offload is the determining factor in how much storage must be purchased in an Atlantis 

ILIO Top-of-Rack scenario. Therefore, an IOPS offload percentage of 70-90 percent means that you can reduce 

the amount of SAN/NAS storage required by 70-90 percent. 

Figure 8.   640 Desktop Sessions on VMware vSphere With Atlantis ILIO Top-of-Rack IOPS Offload 

 

Table 3.   Atlantis ILIO VSI Test Results (Top-of-Rack) 

Total Sessions Launched 640 

Uncorrected VSI Max (UVM) 640 

Stuck Session Count before UVM (SSC) 3 

Lost Session Count before UVM (LSC) 0 

VSI Max (VSIMax = UVM - SSC - LSC) 637 

 

  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

IO Writes

IO Reads

IO Writes IO Reads

IOPS From Hypervisors 13,047,238 2,790,031 

IOPS to SAN 3,817,832 506,558 

Atlantis ILIO IOPS Offload (Top-of-Rack)



  
 

 © 2010 Cisco Systems, Inc. All rights reserved. This document is Cisco Public Information .White Paper  Page 27 

Figure 9.   640 Desktop Sessions on VMware vSphere With Atlantis ILIO Top-of-Rack Below 2000ms 

 

This graph shows the Minimum, Maximum and Average Response time for desktops in the Atlantis ILIO 640 

desktop Top-of-Rack test. In our tests, using Anti-virus in the image represented a consistent 150ms increase in 

response time compared to the same image not running anti-virus. Response times under 2000ms are 

considered passing. 
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Additional ESX Host CPU, Memory, and Network Utilization Data 
 

Figure 10.   640 Desktop Sessions on VMware vSphere With Atlantis ILIO Top-of-Rack With a Maximum of 45% 

CPU Utilization 
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Figure 11.   NonKernel Memory Utilization on the ILIO Controller in the Top-of-Rack Configuration 

 

Figure 12.   Network Bandwidth or Utilization Graph for the Atlantis ILIO Controller Showing a Maximum 

Utilization of 200 Mb/sec 
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Atlantis ILIO OnBlade 
This graph shows the percentage of IOPS serviced by Atlantis ILIO (blue) vs. the percentage of IOPS serviced by 

the local disk (Red). The Atlantis ILIO OnBlade architecture uses an Atlantis ILIO controller on each VDI server 

blade to offload IO traffic going to the local disk. As a result of this IOPS offload, Atlantis ILIO makes it possible to 

achieve greater densities of virtual desktops per blade with fewer low cost local disks without degrading 

performance. 

Figure 13.   80 Desktop Sessions on VMware vSphere With Atlantis ILIO OnBlade IOPS Offload 

 

Figure 14.   Atlantis ILIO VSI Test Results (On) 

Total Sessions Launched 80 

Uncorrected VSI Max (UVM) 80 

Stuck Session Count before UVM (SSC) 0 

Lost Session Count before UVM (LSC) 4 

VSI Max (VSIMax = UVM - SSC - LSC) 76 

 

  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

IO Writes

IO Reads

IO Writes IO Reads

IOPS From Hypervisors 4,911,992 1,701,864 

IOPS to SAN 1,637,023 154,136 

Atlantis ILIO IOPS Offload (OnBlade)
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Figure 15.   80 Desktop Sessions on VMware vSphere With Atlantis ILIO OnBlade Below 2000ms 

 

This graph shows the Minimum, Maximum and Average Response time for desktops in the Atlantis ILIO 80 

desktop OnBlade test. In our tests, using Anti-virus in the image represented a consistent 150ms increase in 

response time compared to the same image not running anti-virus. Response times under 2000ms are 

considered passing. 
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Additional ESX host CPU, Memory, and Network Utilization Data 

Figure 16.   Total Core Utilization on a Sample ESX Server With 80 Windows 7 Desktops and Atlantis ILIO 

Running OnBlade With 99% Peak CPU Utilization 

 

Figure 17.   Memory Utilization on a Sample ESX Server With 80 Windows 7 Desktops on Atlantis ILIO Running 

OnBlade With 95% Peak Memory Utilization 
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Figure 18.   Network Utilization on a Sample ESX Server With 80 Windows 7 Desktop Running With Atlantis ILIO 

Running OnBlade Showing a Peak of 140000 packets received/sec 
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VDI Scaling and Sizing Guidelines 
This section includes information that can be used for scaling and sizing Atlantis ILIO, Cisco Unified Computing 

System and Storage for VDI deployments. 

Atlantis ILIO OnBlade Scaling Guidelines 
The Atlantis ILIO OnBlade configuration includes 80 virtual desktops and 1 Atlantis ILIO virtual appliance per 

Cisco UCS blade and uses the local disks on the Cisco Unified Computing System as storage for the desktop 

images. As a result, the Atlantis ILIO OnBlade configuration is modular and scales linearly without adding shared 

storage. Therefore, adding additional desktops can be done in increments of 80. Due to the modularity of Atlantis 

ILIO OnBlade, the usage of hardware resources is extremely efficient. Based on the placement the Atlantis ILIO 

on the same hypervisor as the desktops, 70-90% of IO traffic is both contained within the hypervisor itself and has 

extremely low latency. 

Figure 19.   Atlantis ILIO OnBlade Configuration 
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Table 4.   VMware vSphere 

VMware vSphere 

No. of Chassis No. of B250-M2 
Servers tested 

No. of VMs VMs/Core 

1 1 Blade 80 6.66 

2 8 Blades 640 

 
The Cisco Unified Computing System supports up to 20 chassis within a single Cisco UCS domain on a Cisco 

UCS Fabric interconnect 6120 and up to 40 chassis on a FI 6140, extrapolating the values we got during the 

testing with Anti-Virus installed in the Windows 7 image we get the following scalability results when using the 

Atlantis OnBlade solution: 

VMware vSphere 

No. of Chassis  No. of B250-M2 
Servers  

 
No. of VMs 

VM/s Core 

8 32 Blades 2560 6.66 

12 48 Blades 3840 

16 64 Blades 5120 

20 80 Blades 6400 

 

To scale beyond 6400 desktops, requires multiple Cisco UCS domains. 
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Figure 20.   Atlantis ILIO Top-of-Rack Scaling 

 

The Atlantis ILIO Top-of-Rack configuration includes 2560 virtual desktops and 4 Atlantis ILIO virtual appliances 

per Cisco UCS chassis and uses a shared SAN/NAS for storage of the desktop images. As a result, the Atlantis 

ILIO Top-of-Rack configuration scales using a ratio of 1 Atlantis ILIO controller running on 1 Cisco UCS blade to 8 

Cisco UCS Blades running 640 desktops. Therefore, adding additional desktops can be done in increments of 

640. However, deploying 2,560 desktops provides the most efficient usage of hardware resources by allocating 1 

Cisco UCS chassis to house 4 Atlantis ILIO controllers running on 4 Cisco UCS blades. The architecture will scale 

linearly even further servicing up to 5120 by using 18 chassis 2:16, without having to extend the UCS network 

fabric and simply adding an additional 4 NAS data stores.  

Note: The 256GB volume can be thin provisioned on the NAS, these backing store volumes have to be sized 
depending on the Windows 7 image size and/or what VDI technologies are to be used (Citrix PVS, Full size 
clones etc.); the actual space consumed is over 70% less but the Hypervisor needs to see all the space to 
allocated virtual drives. 

We achieve a 1:8 ILIO:VDA chassis ratio when using the Top-of-Rack solution plus 4 backing storage data stores 

which allows us to run at total of 2560 virtual desktops (640 per ILIO blade). As there is no networking boundaries 

found in other vendor blade solutions (i.e. no switches surrounding each physical blade chassis) and 10GigE; 

Cisco Unified Computing System is an ideal architecture for this type of deployment 
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Cisco Unified Computing System 
To accommodate the Cisco Nexus 5000 upstream connectivity in the way we describe in the LAN configuration 

section, we need four Ethernet uplinks to be configured on the Cisco UCS Fabric interconnect. And based on the 

number of uplinks from each chassis, we could calculate how many desktops can be hosted in a single UCS 

domain. Assuming two links per chassis, scaling beyond 10 chassis would need a Cisco UCS 6140 fabric 

interconnect. A 5000 building block can be built out of the RA described in this study with two links per chassis 

and 12 Cisco UCS chassis comprising of four B250-M2 blades servers each. 

 

 

By deploying Atlantis ILIO OnBlade solution using Citrix PVS means that there is no requirement for additional 

shared storage meaning that the blade/chassis modular scaling now is not only true for compute and network but 

also for storage capacity and performance (IOPS). Only the supporting active directory and Citrix XenDesktop 

component resources need to be increased as you scale out, but even these are virtualized making this task 

easier to manage and more cost effective.  

Citrix has a modular reference architecture design that details how to scale their components as you scale the 

number of desktops. Please refer to http://support.citrix.com/article/ctx124087. 

  

http://support.citrix.com/article/ctx124087
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Storage 
The exercise of sizing storage for VDI differs based on the Cisco and Atlantis VDI architecture selected: 

Atlantis ILIO OnBlade 
The Cisco UCS and Atlantis ILIO OnBlade architecture stores the VDI desktop image (PVS write cache and 

windows swap file) on local disk and the user data (user profile, user data) on shared storage (NAS, SAN). 

Atlantis ILIO is placed on each hypervisor to both offload IOPS (reducing the number of disks required) and 

deduplicate OS and application data (reducing storage capacity used).  The Atlantis ILIO OnBlade deployment 

model is completely modular from a storage perspective because the local disk has been sized and tested with 

Atlantis ILIO to handle all of the storage IOPS and capacity requirements for the virtual desktop image. The 

shared storage for user data (SAN,NAS) will still need to be sized appropriately for user data. 

Atlantis ILIO Top-of-Rack 
The Cisco UCS and Atlantis ILIO Top-of-Rack architecture stores 

the VDI desktop image (PVS write cache and windows swap file) 

and the user data (user profile, user data) on shared storage (NAS, 

SAN). Atlantis ILIO is placed on dedicated Cisco UCS blades to 

both offload IOPS (reducing the number of disks required) and 

deduplicate OS and application data (reducing storage capacity 

used).  The Atlantis ILIO Top-of-Rack deployment model requires 

that shared storage (SAN, NAS) be sized based on both the IOPS 

load placed on storage and the capacity consumed by both desktop 

images and user data. Atlantis ILIO offloads IOPS and reduces the 

capacity required for shared storage. 

Storage Sizing Considerations for VDI Deployments 
using Shared Storage (Cisco UCS and Atlantis ILIO Top-
of-Rack)  
The VDI storage architecture should be designed with both 

performance and capacity in mind. From a performance 

perspective, VDI should be designed to meet or exceed physical PC 

performance in order to gain user acceptance for VDI deployments. 

Storage sizing has a significant impact on desktop performance and 

depends on many factors including the storage product used, 

number of disks, RAID configuration, and desktop workloads.  

When designing your storage architecture for VDI, we recommend 

benchmarking the performance of physical PCs with comparable workloads to those you plan on deploying for 

VDI using tools from LiquidWareLabs, Lakeside Software or Veeam. Then, IT organizations should conduct a VDI 

proof-of-concepts (POC) with representative workloads and desktop images.  During the POC, administrators 

should measure the Average Peak IOPS that are being generated by different type of workloads and can simulate 

IO intensive activities such as boot storms, application usage and anti-virus scans that would be likely to degrade 

performance by overloading storage with IO traffic. With that information, companies can design a VDI storage 

architecture that will provide adequate IOPS to maintain desktop performance.    

  



file:///C:/Documents%20and%20Settings/lideruyt/Local%20Settings/Temporary%20Internet%20Files/Content.Outlook/B37CZQOH/www.atlantiscomputing.com/storagesizing
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