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Abstract 

 
LLF is a law firm based in Cincinnati that specializes in providing legal services 

for banks and financial institutions in the region. Like most large organizations, it faces a 

large number of information technology related costs and problems. Desktop 

virtualization is an emerging technology that aims to lower IT costs and provide a 

streamlined, unified desktop deployment and management solution. This project will 

investigate and test several desktop virtualization products for the firm. These products 

are XenDesktop 4 from Cisco, VMWare View 4 from VMWare, and Microsoft’s Virtual 

Desktop Infrastructure. Each of the products is installed within the current LLF 

infrastructure, and the best product is then tested. Based on this testing, a 

recommendation is given to the firm on how to proceed with desktop virtualization. 



 
 

 

 

Desktop Virtualization Investigation and Testing 

1. Problem 

Local Law Firm, or LLF, is a Cincinnati based legal company that specializes in 

providing services to banks and other financial clients. With nearly one hundred 

attorneys, eight hundred full-time staff, and offices in seven cities, LLF is a company 

with expansive IT assets and expenditures (4). Nearly all employees interact with a 

computer to do their job. A forty-person IT staff works to support the users, develop 

applications, and work to ensure consistent and timely interactions with clients, courts, 

and myriad other agencies and organizations (6). 

As with many large companies, IT represents a significant cost for LLF and also a 

significant risk. If something were to happen to users’ machines, then that user would be 

unable to do the majority of their work until that machine is fixed. If something were to 

happen to a major part of the network infrastructure, even with redundant backups, then 

the firm may lose hundreds of thousands of dollars. IT is a huge expense for the 

company, second only to payroll (3). New machines must be purchased to replace old 

machines, software must be licensed for new users or versions, and dedicated 

communications lines must be leased between offices. As a result of this, cost-savings 

and reliability are constant goals for the CIO and the IT services department (7). 

In order to advance towards this goal, the CIO has proposed investigating the 

implementation of a desktop virtualization solution for the firm. This will involve a large 



 
 

 

amount of networking work to ensure that the program works well with the current 

network. 

2. Solution 

A desktop virtualization system will allow the firm to utilize the extensive 

computing resources available in a modern server without purchasing a comparable 

machine for each user. This will help to limit the time users spend waiting for large 

images or files to be manipulated or transferred. As the processing and data all exists on a 

server, users will be able to work with only a simple barebones system at their desk 

location (3). Older machines that were slated for disposal may be usable as thin clients 

for this purpose. In addition, with a properly designed, redundant, and load-sharing server 

environment, there will be no major point of failure for the user (9). If an employee 

workstation stops functioning, then a pre-prepared copy can be put in place. If their work 

becomes corrupted or unusable, then a backup copy from another server can be used. 

Research will be done to examine which of three industry leading products will be 

the subject of further testing. A group of users will then be gathered from throughout the 

firm, and one of the standout desktop virtualization products will then be tested by these 

users. After this testing, the performance results and the reported experiences of the users 

will be combined to provide a recommendation on how to proceed with the desktop 

virtualization initiative at the firm. 



 
 

 

2.1 User Profiles 

 There are three primary user groups for the testing: Users, support technicians, 

and administrators. 

Users are selected from any of the regular workers in the firm, performing any of 

hundreds of individual jobs or tasks. They need access to all of the same functionality and 

software that they can regularly use on their PCs. Their experience should be as seamless 

as possible. 

The support technicians helping with the initial investigation are any of the half-

dozen full-time helpdesk and services technicians employed at the firm. They need to be 

able to diagnose quickly and reliably diagnose and solve any problems that the users 

experience during testing. This includes preparing and deploying workstations, 

diagnosing user issues and questions, and testing software upgrades and patches. 

The administrators will also provide support during the initial investigation, and 

are any of the half-dozen full-time network and systems administrators employed at the 

firm. They have server level access to any of the systems being used in order to 

administer permissions, network configuration, and integration with any of the other 

systems. 

2.2 Design Protocols 

 The initial investigation for this project involves downloading and installing the 

three desktop virtualization solutions. All of the products offer trials of the software. The 

initial investigation involves installing these programs on a rack-mounted server that has 

been provided by the firm. The server is a dual-Xeon HP server with six gigabytes of 



 
 

 

RAM and a SCSI Raid 5. This server has been placed on a rack in a support testing area 

for ease-of access. During the user testing the software is installed on a group of 

repurposed Dell Optiplex 780 PCs with additional RAM installed. These machines are 

connected over the network via Ethernet. 

The testing process takes place on desktop PCs provided by the firm and used by 

the testers. The machines are the current workstations of the users, with the desktop 

virtualization client installed. The machines act as thin-clients for the users with the 

capability to be used as regular workstations if there is an issue during the testing. 

Each of the desktop virtualization solutions involves several discreet software 

parts as seen in figure 1, including a management PC, a server storing virtual machines, 

and a client PC.  



 
 

 

 

Figure 1: The elements of a desktop virtualization solution. 

There is a store of desktop virtual machines on the central server. This store can 

be dynamically created from a single sample virtual desktop, or multiple desktops can be 

stored on the server for different uses. Management software is then installed on a 

separate dedicated workstation. The management software allows an administrator to 

control updates, maintenance, policies, and security on the virtual desktops. A desktop 

delivery server virtual machine is created on the central server, and manages the 

distribution of requested virtual machines. Each virtual machine has client software 

installed on it, and each client PC has software that communicates with the management 

software to allow connections to the virtual machines.  



 
 

 

3. Deliverables 

 This project involves two different tasks that steer the final recommendation that 

will be given to firm. The first task is the investigation of the three enterprise-level 

desktop virtualization solutions. If these three products are successfully and thoroughly 

examined, then a prime candidate should emerge. The second task is the testing of the 

chosen software. This testing will inform the final recommendation for the services 

manager and the CIO. This final recommendation, involving how to proceed with 

desktop-virtualization at the firm, is the ultimate deliverable for this project. 

4. Design & Development 

 The investigation portion will focus on compatibility with the systems currently in 

use by the firm. Several technically savvy users from the support team will install the 

appropriate software in order to test the three desktop virtualization solutions. They will 

attempt to perform any available tasks using any of the appropriate software. This 

includes proprietary software and systems that LLF have developed, as well as common 

programs such as Microsoft Office or Hummingbird Document Management. This 

testing will proceed for several days for each product. Any software incompatibilities or 

flaws will be noted and will help to determine which product to use in further testing.  

After the initial testing, a group of users will be set up to use the chosen product 

for a period of one to two weeks. The client software will be installed on fully functional 

machines, which will allow the users to continue working even if virtual environment 

should fail. They will attempt to do their jobs, and will report any issues to the support 



 
 

 

staff for possible solution. These issues will be noted for the final report, and any issue 

that cannot be solved will affect the final recommendation. 

4.1 Budget 

The budget for this project is being paid for by LLF, as it primarily benefits the 

firm. This budget includes costs for computer hardware. The costs of software are 

accounted for in the budget, but as trial software will be used there is no actual expense. 

Figure 2 demonstrates the budget for the project. 

 

 

 

 

 

 

 

 

 

Component Solution Quantity Potential Actual 

Server Dell Rackmount Xeon Server 1 $2,200  $2,200  

Workstations Decommissioned IBM Pentium 4 Workstations 20 $840  $0  

VMware VMware View 60-day Trial 1 $0  $0  

Cisco XenDesktop 90-day Trial 1 $0  $0  

Microsoft Hyper-V on Server 2008 180-day Trial 1 $0  $0  



 
 

 

Total     $19,000  $2,200  
 

Figure 2: The budget for the various elements of the project. 

4.2 Timeline 

 The timeline for this project began with an initial research phase, followed by an 

investigation phase, and ending with a testing phase shortly before Tech Expo on May 

4th. Figure 3 demonstrates this timeline. 

 

 

Figure 3: The Timeline for this project in Gantt chart format.  

4.3 Software 

 This project made use of software licensed for use by LLF, as well as trial 

versions of the tested desktop virtualization applications. 



 
 

 

 Copies of Microsoft operating systems, including Windows XP, Windows Server 

2003, and Windows Server 2008 R2 were used. Specific applications for users were 

installed on the test machines, including Microsoft Office, Numara Track-IT, and several 

LLF developed programs. 

 A trial of VMWare View 4 from VMWare was installed and tested. Additional 

VMWare applications such as VMWare Server, and a LLF production copy of VMWare 

vSphere was also used. Xen Desktop 4 was installed, along with trial versions of 

XenServer. Several Xen Desktop specific management applications were installed on 

pertinent machines. Microsoft virtual desktop infrastructure components were installed 

onto Windows Server 2008 R2. 

4.4 Hardware 

 A variety of desktop machines were used for user testing, all of them recent 

models from Dell with at least 512mb of RAM. A dual-Xeon HP server with six 

gigabytes of RAM and a SCSI Raid 5 was used for initial testing. The final testing used a 

group of five Dell Optiplex 780s with additional RAM for the virtual machine storage 

and management. Individual user workstations used for user testing across the firm were 

Dell Optiplex models ranging from the 170L to the 780. 

5. Proof of Design 

 The initial product to be tested was VMware View 4, from VMware. This product 

was installed on the primary server, and can be seen being accessed via a web interface in 

Figure 4. 



 
 

 

 

Figure 4: A screen showing the three test virtual machines set up on the server. 

 

On a client machine, the client software would then be used to access a virtual 

machine. First, the user would login into the central server, as seen in Figure 5. 



 
 

 

 

Figure 5: The client software login interface. 

 Then, the user would use the client software to access their selected virtual 

machine, as seen in Figure 6. 

 

Figure 6: The client software virtual machine interface. 



 
 

 

After logging in, the user can use the virtual machine as if using a regular PC. All 

of the regular software options that are available to a use are available inside the VM. 

Figure 7 demonstrates some of this functionality. 

 

Figure 7: The virtual machine desktop. 

 The next product to be tested was XenDesktop 4 from Citrix. The software was 

installed on a primary dual-core 64-bit server named LSRXENTEST. The memory and 

processor usage can be seen in figure 8. 



 
 

 

 

Figure 8: Memory and processor usage with two VMs running. 

 XenCenter is the management software for XenDesktop, and is installed on a 

separate management PC. The virtual machine can be seen can be run through the 

XenCenter application in figure 9. 

 

Figure 9: The XenCenter Application. 



 
 

 

 When a user wants to initialize one of the virtual machines, they will bring up the 

Citrix online plug-in. This application is loaded onto every client machine. Figure 10 

shows how the log-on screen appears.  

 

Figure 10: The Citrix online plug-in log-on dialogue box. 

 When a user is successfully logged in, they will see the Citrix desktop appear. 

This desktop is functionally the same as a normal Windows desktop, and the application 

allows stretching the window across multiple screens as well as dynamically resizing the 

window. Figure 11 displays some of this functionality. 



 
 

 

 

Figure 11: The XenDesktop virtual machine up and running, as seen on a user’s 

client machine. 

The final product tested during the initial investigation phase was Microsoft’s 

Virtual Desktop Infrastructure, or VDI. This solution makes use of the robust remote 

connection software that is present in Remote Desktop Connection, Hyper-V, and several 

other Microsoft products. After the initial testing, it was found that the VDI software was 

primarily built for use in Windows 7, including a dedicated application for making 

connections to the virtual machines that is only present in Windows 7. The product was 

installed and then implemented, but lacking the connection software on Windows XP 



 
 

 

machines, a Remote Desktop Connection was used to connect to and test the virtual 

machines as seen in Figure 12. 

 

Figure 12: The Remote Desktop Connection interface. 

The remote desktop connection is very similar to the experience that a user would 

have with a VDI virtual machine, and uses the same background connection technology. 

Figure 13 shows how the desktop appears. 



 
 

 

 

Figure 13: The remote desktop connection to a Microsoft VDI virtual machine. 

 The initial user testing produced a number of results based on feedback from the 

testers as well as the capabilities of the software. Figure 14 shows this information. 



 
 

 

VMWare View 4 Xen Desktop 4 Microsoft VDI
Min # of Servers 2 2 4
Client Access Web Application Web/Application on Win 7
Ease of Use Moderate Moderate Moderate
Sound Low Quality Yes Low Quality
Speed Slow Good Okay
USB Yes Yes Limited
Dual Monitor Yes Yes Could not Implement
XP Yes Yes Yes
Print Yes Yes Yes
DM Yes Yes Yes
Workflow Yes Yes Yes
Word & Excel Yes Yes Yes  

Figure 14: Investigation results. 

 Based on these results, Xen Desktop 4 from Citrix was chosen as the program to 

be used for user testing. A group of desktop PCs were set up with the Xen Desktop 

software installed. Each physical machine had 2gb of RAM added for a total of 4gb per 

machine. These machines each had XenServer installed, and then ten copies of one 

specially created virtual machine image were then copied among them. The trial license 

for XenDesktop 4 only allowed for a total of ten virtual machines to be used at a time. An 

additional machine was setup with Windows Server 2003 installed, as well as the Xen 

Desktop management software. Figure 15 shows this configuration. 



 
 

 

 

Figure 15: The XenDesktop 4 user testing configuration of physical machines and 

virtual machines. 

 Users reported a number of bugs and issues with the testing, but these were 

isolated to individual machines and should be easily mitigated with a proper rollout of the 

fully licensed and supported software. A deployment of standardized client machines for 

the users to work on should also alleviate several of the issues. Overall performance was 

good, with some users reporting that they preferred the speed of the virtual machine to 

their own physical workstation. Figure 16 shows the performance of the virtual machines 

as seen from the desktop management software. 



 
 

 

 

Figure 16: Virtual machine user testing performance as seen from the Xen Desktop 

management software. 

6. Conclusion 

 This project involved a significant amount of research into how desktop 

virtualization works, and how it may be useful to LLF. A plan to investigate and test 

several software solutions was designed, and then implemented. This testing involved 

multiple users, colleagues, and a significant amount of time. Ultimately, this project is 

about delivering a recommendation to LLF. Based on the research in this project, the 

recommendation is to proceed with Xen Desktop 4 for the firm desktop virtualization 

initiative. 
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