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ABSTRACT 
Context. With the evolvement of cloud computing in recent years many companies have stated 

providing various services using it. Desktop as a Service, DaaS is one of services in the cloud 

computing in which the backend of Virtual Desktop Infrastructure, VDI is hosted by a cloud service 

provider. Although in SaaS, Software as a Service Web applications are used, all kinds of applications 

can be used in DaaS. There are many companies which provide VDI for private cloud and they are 

VMware Horizon, XenDesktops by Citrix, OpenStack VDI solution and etc. 

Objectives. In this thesis two VDI solutions are analyzed based on the virtual desktop launch time and 

the performance of the desktop in various test cases. The VDI solutions considered are VMware 

Horizon view and OpenStack VDI. 

Methods. The method for this research consists of two stages. The first stage was a qualitative 

analysis in which literature study and a survey was conducted. In the next stage, experiment was setup 

where different performance metrics were calculated when the virtual desktop was put under several 

test cases. 

Results. Results collected include the virtual desktops launch time in two scenarios and several 

performance metrics such as CPU usage, memory usage, average IO size, average latency, throughput, 

IOPS and queue length at the processor. 

Conclusions. Performance of Virtual desktop running on OpenStack VDI was better in most of the 

test cases. In the test scenario where disk was put under stress OpenStack VDI solution performance 

was better than VMware Horizon View. Even considering the launch time for virtual desktops, 

OpenStack VDI performed better compared to VMware Horizon View. 

 

Keywords: DaaS, VDI, Performance, Launch 

Time 
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1 INTRODUCTION 
 
Cloud computing is a model for enabling on demand access to a shared pool of 

configurable computing resources that can be swiftly delivered over a network usually 

the internet with minimum management overhead or service provider interaction[1]. 

 

The main characteristics of cloud computing are:  

 Scalability - It is the ability of the system to increase the workload on its 

hardware resources. Clouds are designed in such a way to deliver as much 

compute the user requires. The cloud resources are projected in such a way to 

ease the dependence on the hardware. 

 Rapid Elasticity - The customers can scale in and scale out the cloud 

resources according to their needs.  

 On-demand self-service - It is a cloud service which enables the users the 

ability to self-provision resources on demand from a cloud dashboard or portal. 

Here the customer need not rely on the service provider to provision the cloud 

resources. 

 Resource Pooling - In cloud, large IT resources are pooled together to serve 

multiple cloud services. This is to make the customers use multi tenancy or 

virtualization model. 

 Measured Services - This service gives the usage of pooled resources, 

providing the customers with transparency in resource consumption and costs. 

 Cost Effectiveness - Customer pays for only the need in infrastructure while 

keeping the option to scale up the resources and services as needed in future. In 

such a way there is a greater flexibility of hardware usage. 

 

Cloud has categorized its services into three different types: 

 Software as a service, SaaS - In SaaS, already created running applications in 

cloud infrastructure are provided by the cloud offerings. SaaS delivers the 

services over internet, removing the need to install and run applications on 

local computers. 

 Platform as a service, PaaS - PaaS provides a platform where the user uses 

the programming languages and tools supported by the service provider to 

build and deploy applications. PaaS enables the customer to have complete 

control over the applications and its configurations. 

 Infrastructure as a Service, IaaS - IaaS is a service where the computing 

infrastructure are provided to the customer by a third party service providers 

over the internet. Here the customer does not manage the computing 

infrastructure but has full control over the operating systems and the 

applications. 

 

Cloud computing has three deployment models which are private cloud, public 

cloud and hybrid cloud. 

 Private cloud - In a private cloud model the cloud infrastructure is solely 

operated for an organization. Here the cloud deployment is done on companies 

own data centres which are managed internally or by a third party and may 

exist on premise or off premise. 

 Public cloud - In a public cloud, the cloud infrastructure and services are 

provided in a virtualized environment from a shared pool of computing 

resources, which are accessible over a network generally through internet. Here 

the organization owning the cloud services makes its cloud infrastructure 

available to the general public or the enterprises. In this model there is a high 
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level of efficiency in shared resources but there is a greater level of risk 

associated in terms of security. 

 Hybrid cloud - Hybrid cloud model is a composition of both the private and 

public cloud models. In a hybrid cloud environment, enterprises control and 

manage their private cloud but rely on the public cloud services when the 

demand for the cloud services is high. In this model various clouds are bound 

together by a set of standardized technologies which enables application 

portability among various clouds[2]. 

 

The most widely used deployment models of cloud computing are public and 

private clouds. Public cloud services to enterprises are very prominent. Generally, 

public cloud comes with a standard Service level agreements, SLAs. But there are 

many risks associated with public cloud offerings such as security, performance, 

privacy, interoperability with different cloud environments etc. Public cloud are not 

flexible enough to use its services according to the specific requirements of the 

enterprises and as public cloud is proprietary, enterprises cannot customize the cloud 

according to their needs. Apart from this, enterprises have their own infrastructure set 

up at their premise and are more interested in building their own private cloud 

environment to avail the benefits of cloud.  

 

A private cloud is a secure cloud environment in which the cloud is accessible 

only by a single organization, providing high level of control and privacy[3]. The goal 

of a private cloud is not to sell its computing resources "as a service" but instead use 

the advantages of a cloud architecture without giving its control over organizations 

own data centers. There are many private cloud providers such as vCloud Director, 

Microsoft System Center, etc. but the main disadvantage of using them is that they are 

proprietary software’s [4]. These are often very expensive as one has to pay for 

licensing, pay for hardware, pay for software to be customized and pay for regular 

maintenance and support[5]. Here is where the focus shifts in using open source 

platform, which is easy to use, maintain and modify. 

 

Open source has become the foundation for deploying a cloud. With open source 

there is a high level of support and freedom to modify the source code and one has 

complete control over the underlining software. Open source cloud environment makes 

the enterprises greatly reduce the maintenance and operational costs as open source 

software’s comes with less cost[6]. It can be extensible with other clouds and 

pluggable open APIs are present in it. With open source there is no vendor lock-ins 

and a high level community support is present. OpenStack is one of the largest open-

source cloud computing middleware development communities[7]. 

 

The main disadvantages of using open source is that they require high initial costs 

and managing the cloud environment becomes difficult as there is less support. With 

open source there is a need for more skilled persons to perform jobs. 

 

The increasing popularization of centralized computing centres caused the 

enterprises to build their own private clouds, not only to support their internal 

processes, but also to provide the organisations with the virtualized workstation model 

DaaS.[8]. The concept of DaaS is to use a VDI environment to offer customers a 

persistent, highly available desktop that can be accessed from anywhere. This is 

significant because right now there are no services available which offer these 

solutions. The idea is to take the burden off of the customer by removing the tedious 

upkeep that the facilities must regularly go through. DaaS is used in enterprises for a 

similar reason. The employees no longer have to worry about maintaining a PC, 

Personal Computer, since the OS, Operating System would be centrally managed. The 



 

3 

 

idea is to reduce complexity by centralizing management, which leads to a more 

productive and efficient IT organization [5]. 

 

This is significant because as the times change consumers are looking for different, 

innovative solutions to their problems. One problem that consumers have is that they 

have to regularly maintain their data and hardware. DaaS would provide a turnkey 

solution for consumers looking for a simpler computer experience. 

 

1.1 Problem Statement 
 
DaaS is a cloud offering which provides a VDI solutions. Large number of 

enterprises are adopting DaaS for their in house desktops hosting using various VDI 

solutions presented by different technologies. With the evolvement of open source the 

focus has now shifted to OpenStack. At the same time there are traditional 

technologies which offer these services. While there are many features present in VDI 

solutions, virtual desktops launch times are essential to improve the service offerings. 

Also, there has been no significant work done in calculating the performance of virtual 

desktops in multiple scenarios which involves optimizing memory, compute power 

and disk. The need for such work to be done is to resolve the issues arising due to 

running of CPU, memory and disk intensive applications. 

1.2 Aims and Objectives 
 
The main aim of this thesis is to evaluate the performance and launch time of 

virtual desktops in a private cloud VDI/DaaS solution. With the evolvement of open 

source, a comparative study will be performed for OpenStack with largely used 

traditional setup in setting up a VDI/DaaS in enterprises. 

 

The main objectives of this thesis will accommodate: 

 Conducting a survey to find largely used private cloud provider in enterprises 

along with figuring the challenges and associated with the current cloud 

technologies. 

 Performing a literature study on private cloud service providers along with 

OpenStack VDI/DaaS solutions 

 Collecting various performance metrics to be analysed. 

 Setting up the experiment to collect these metrics such as CPU and memory 

utilization, average disk latency, VM launch time, etc. 

 Analyzing these data points and present the results. 

 

1.3 Research Questions 
 
1. How does VMware Horizon View and OpenStack VDI solution perform in 

terms of virtual desktop launch time, when the desktops are launched in serial, 

one after the other and in parallel, all are launched simultaneously? 

2. How do DaaS, Desktop as a Service VDI’s offering on VMware Horizon View 

and OpenStack perform in multiple test cases in terms of CPU utilization, 

memory utilization, processor queue length and disk performance metrics like 

average IO size, average latency, throughput and IOPS? 
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1.4 Thesis Outline 
 
This paper is organized as mentioned below: 

 

Chapter 2 gives a brief introduction about the previous work which is essential to 

understand this thesis. This chapter explicitly describes the architecture of OpenStack 

VDI and VMware Horizon View. 

 

Chapter 3 gives an insight to the methodology used to conduct this research work. 

First a cloud survey was conducted to understand the various challenges faced in using 

current cloud technologies. Next, experiment was setup to find out the various 

performance metrics and launch times for virtual desktops running on OpenStack VDI 

solution and VMware Horizon View. 

 

Chapter 4 presents the results obtained from the experiments conducted. In the 

first part of this chapter results and a brief analysis is given for the virtual desktops 

launch time in two scenarios. While in the next part results obtained for virtual desktop 

performance are presented. Analysis for these results is mentioned simultaneously. 

 

Chapter 5 gives a conclusion to the thesis results and briefly mentions the scope 

for future work in this field of study. Along with this research questions are explicitly 

answered in this chapter. 
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2 BACKGROUND 

2.1 DaaS, Desktop as a Service 
 
In DaaS the services are provide to the users remotely where the desktop is 

provided as an instance running in cloud. All the user tasks are executed in the server 

side of the cloud. DaaS is a form of VDI where desktops are hosted in the cloud and 

are delivered to remote user’s on-demand. It is also referred to as hosted desktops 

services. Here the backend of VDI are hosted in the cloud environment and these 

desktops are delivered by a third party provider. VDI runs on a multi-tenant 

architecture. The complexity of VDI is eliminated in DaaS, as the service provided 

handles data storage, security, backup and upgrades. End users can access the virtual 

desktops from anywhere since customer data is saved during login and logoff sessions 

[9]. 

 

Benefits of DaaS/Hosted Desktops. 

 Can be easily deployed and managed. 

 Lowers operating expenditure along with hardware costs. 

 DaaS/VDI are easily scalable and the performance is high. 

 Networks are more flexible and secure. 

 Helpdesk becomes more efficient. 

 

2.2 OpenStack VDI and DaaS 
 
The OpenStack software consists of several different projects, each focus on 

different aspects of the datacentre. The projects required for DaaS/VDI, include: 

 

 Nova handles compute. Nova is the project that runs the desktops. Nova runs 

on a hypervisor, typically KVM, Kernel-based Virtual Machine. 

 

 
Figure 1: Projects in OpenStack VDI/DaaS [8] 
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 Cinder and Swift projects handle the storage. Cinders block storage is used 

for desktop workloads. Each desktop has a persistent volume that can be 

attached to a running instance.  

 The Glance project handles imaging in OpenStack. Here the master image of a 

customer’s desktop is created. And with this one can quickly provision new on-

demand instances from that image.[10]. 

 Neutron is a network service for OpenStack. It provides tools that can build 

per-tenant private networks, which is useful for multi-tenant environments[10]. 

 Lastly, Horizon, which is the dashboard project. Horizon provides a UI, User 

Interface on top of your OpenStack cloud, where you can create images, 

instances, networks, and more. The Horizon UI will not be used to manage 

VDI or DaaS. A connection broker is needed to manage the virtual 

desktops[11]. 

 

The process of building an OpenStack VDI/DaaS is shown in Figure 2. 

 

 Build the OpenStack cloud: Here the architecture of the OpenStack cloud is 

decided and then the cloud is build[12]. 

 Creating an OpenStack project for each tenant: Here, the project and the 

network is defined separately for each tenant, assigning them their own 

OpenStack project. 

 

 
Figure 2: OpenStack VDI blue print[9] 

 
 Build images for each tenant: Next stage is building a master desktop and 

image that can be used to provision desktops for the users. After this a display 

protocol is selected. 

 Leverage a connection broker to ease management: The last step is to 

configure the connection broker to manage the desktops. 

 

For OpenStack VDI/DaaS a Hypervisor, Display Protocol and Connection Broker 

are needed. 

 

Hypervisor: OpenStack supports a wide range of hypervisors. Most of the 

OpenStack deployments use KVM, as KVM being an open source management stack. In 

many of the OpenStack documentation KVM is noted as the highly tested and supported 

hypervisor. Other hypervisors like VMware ESXi, Xen, etc. can also be used. For 

successfully managing VDI/DaaS any of the hypervisor is adequate. [13]. 

 



 

7 

 

 

Display Protocol: A display protocol provides end users with a graphical interface 

to view a desktop that resides in the datacentre or cloud. Some of the popular options 

include Teradici PCoIP, PC over IP, HP RGS, Remote Software Graphics, or Microsoft 

RDP, Remote Desktop Protocol. Choosing a protocol is important and can make or 

break the end user experience. Complex workloads often require complex visualization 

and rendering graphics. 

 

 
Figure 3 OpenStack VDI Components 

 

 

Connection Broker: The job of connection broker is to spin up desktops in cloud 

and to get the user connected to that desktop. The key is to find a broker that handles all 

the use cases, which includes both Windows or Linux desktops and a mixture of 

different display protocols or different types of client devices. Enumerating the 

brokering needs before starting to build the design will help in choosing a broker which 

future-proofs the deployment. A connection broker focuses on desktop provisioning and 

connection management. It also provides the interface that the end users will use to log 

in. 

2.3 VMware Horizon View 
 

VMware Horizon View provides virtual desktops to the users with VMware’s 

virtualization technologies. Virtual desktops are run in datacentres and are provided to 

users through VMware View. 

With Horizon View managing the virtual desktops, there are many benefits which 

include increased reliability, security, hardware independence, and convenience.[14] 

 

Reliability and Security 

Virtual desktops can be centralized by integrating with VMware vSphere and by 

virtualizing server, storage, and networking resources. Placing desktop OS, Operating 

System and applications on the server in datacentres provides the following advantages: 

 Access to data can easily be restricted. Sensitive data can be prevented from 

being copied onto a remote employee's home computer. 

 Integration with Horizon Workspace means that end users have on-demand 

access to View desktops through the same Web-based application catalog they 

use to access SaaS, Web, and Windows applications. 

 Data backups can be scheduled without considering when end user systems 

might be turned off. 

 

Convenience 

From a single View Manager interface even large number of Horizon View 

deployments can be managed. The management console is built on Adobe Flex and it is 
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done to provide the feature of scalability. The dashboards enhance the workflow and 

facilitate drilling down to see details and to change settings. 

 

Hardware Independence 

Virtual machines are hardware-independent as the View desktop runs on the server 

in datacentre and is accessed from client device. 

 

2.3.1 Horizon View Components 
 
End users start View Client to log in to View Connection Server. This server 

integrates with Windows Active Directory which provides access to a virtual desktop 

hosted in a VMware vSphere environment. 

 

Figure 4 shows the relationship between the major components of a Horizon View 

deployment 

 

 
Figure 4: VMware Horizon View Components[15] 

 

2.3.1.1 Client Devices 

In Horizon View users can access the virtual desktops directly by opening the 

View Client to display the desktop. End user can access the desktops regardless of 

device or location. 

Using HTML feature, the desktops can be directly accessed from the web browser 

without installing View Client. 
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2.3.1.2 View Connection Server 

View Connection server is a broker for client connections. View Connection 

Server authenticates users through Windows Active Directory. It directs the request to 

the appropriate virtual machine in vCenter Server. 

View Connection Server provides various management capabilities. It includes 

entitling users to specific desktop pools, establishing secure connections, 

authenticating users and managing local and remote desktop sessions. 

 

2.3.1.3 View Client 

The client software is for accessing the View desktops. The user logins to the 

virtual desktops using authorization. It is done through using View Client. 

An administrator configures View Client to allow end users to select a display 

protocol which are PCoIP and Microsoft RDP. 

 

2.3.1.4 View Administrator 

This Web-based application allows administrators to configure View Connection 

Server, deploy and manage View desktops, control user authentication, and 

troubleshoot end user issues. 

 

2.3.1.5 View Composer 

This software service is installed on a vCenter Server instance. This component 

manages virtual machines. It creates a pool of linked clones from a specified parent 

virtual machine in vCenter server. Here, each linked clone acts like an independent 

desktop, with a unique host name and IP address. Even then the linked clone requires 

less disk storage as it uses the storage with the parent base image. 

By updating the parent cloned image the linked-clone desktop pools can be 

quickly deploy updates and patches. With this the user setting and applications are not 

affected. 

A View Composer operates with only one vCenter server instance. Similarly, a 

vCenter Server instance can be associated with only one View Composer service. 

 

2.3.1.6 vCenter Server 

This service acts as a central administrator for VMware ESX/ESXi servers. In 

vCenter Server the configuration, provision, and management of virtual machines in 

the datacentre is done.  

The virtual machines here can be used both as source for View desktop pools and 

for hosting the server components of Horizon View including Connection Server 

instances, Active Directory servers, and vCenter Server instances. 

View Composer can be installed on the same server as vCenter Server to create 

linked-clone desktop pools. Here vCenter Server manages the virtual machines in the 

servers and provisions CPU and memory resources to virtual machines. 

 

2.3.1.7 View Transfer Server 

This software manages the transfer of data between datacentre and virtual 

desktops. 

Several operations use View Transfer Server for transferring data between vCenter 

Server and the View desktop. 
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3 METHODOLOGY 
 
In this chapter, experimental details and setup for the thesis research are explained, 

various workloads used in the experiment are presented and several performance 

metrics have been clearly elaborated. Two experiments were conducted on OpenStack 

VDI and VMware Horizon View. 

 

This thesis was aimed to understand the extensibility of private cloud offerings 

especially DaaS offerings. This was done by understanding the performance variations 

and various features presented by the service providers. For the same a survey was 

conducted to analyze how various enterprises are adopting to the virtualization 

technologies and the cloud and the challenges faced in using them. The experiment 

was set up to analyze how OpenStack VDI behaves with other traditional technology 

in enterprises. 

 

 

3.1 OpenStack VDI and VMware Horizon View 
 

The OpenStack VDI blueprint for installation and design has been shown in 

Figure 5.  

OpenStack Kilo was build using devStack. DevStack is contains a script 

which creates an OpenStack environment.  

The display protocol used was spice protocol and a proprietary connection 

broker was used. KVM was selected as a suitable hypervisor as it is considered 

to be the most supported hypervisor for OpenStack and the host OS was 

CentOS 6.  

 

The detailed installation setup for VMware Horizon View is mentioned in 

Appendix B. 

 

 
Figure 5: Setup for OpenStack VDI 
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3.2 Survey 
 
A cloud survey was conducted to understand how enterprises are adopting various 

cloud technologies in present days and the challenges they face. For the same a 

questionnaire was prepared and around 150 telephonic interviews were conducted 

along with sending a total of 4157 emails to various enterprises all around the world. 

 

A total of 51 responses were received and based on that VMware was selected as it 

was the most preferred technology, which enterprises use for their private cloud 

environment. This survey was conducted to analyze how there is shift towards using 

OpenStack in enterprises. The survey also lists the main challenges that enterprises 

face in using current day cloud technologies. 

 

The summary of the survey responses have been mentioned in Appendix A.  

3.3 Experimental Setup 
 
Based on the survey responses and literature study, comparative study was 

performed for OpenStack VDI and VMware Horizon View. For the same several test 

beds were considered and the results for the same have been mentioned. 

 

Virtual desktop launch time and several performance metrics such as CPU usage, 

memory usage and disk utilization metrics which include average latency, average IO, 

throughput and IOPS were selected. 

 

For VM launch time different virtual desktops were launched and their launch 

times were calculated. For this test bed two cases were considered. The first case was 

to launch desktops serially i.e. one at a time in succession and the other case was to 

launch virtual desktops in parallel, all the desktops are launched at a same time. 

 

The second test bed was to analyse the performance metrics when the virtual 

desktop in both OpenStack VDI and VMware Horizon View were put under various 

test scenarios. The test scenarios considered were no load test case, full load on CPU, 

full load on memory, disk stress test and a test case where continuous write operations 

takes place on disk. Performance metrics which were considered are CPU utilization, 

memory utilization, average IO size, throughput, average latency and IOPS. These 

values were calculated using counter values generated from Perfmon. 

 

The OpenStack VDI and VMware Horizon View were given the same hardware 

and software specification for every test scenario. In order to improve the accuracy and 

reliability factor, experiments were conducted thrice in the same environment. The 

standard deviation of results was found to be negligible, so the values are presented 

from the first experiment. 

 

3.3.1 Hardware and Software Specifications 
 
The hardware used for both OpenStack and VMware VDI solution are the same. 

The specifications are shown in Table 1. 

 

Table 1: Server Hardware Specification 

CPU 16 core 

Memory 16GB 

Hard disk(SSD) 1TB 
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The performance testing was done on virtual desktops running on OpenStack VDI 

and VMware Horizon View. The virtual desktop with identical specifications were 

taken. Virtual desktop hardware and software specifications are shown in Table 2. 

 

Table 2: Virtual Desktop Hardware and Software Specification 

CPU 2 core 

Memory 4GB 

Hard disk(SSD) 40GB 

Operating System Windows server 2008 R2 

 
For calculating VM launch time the hardware and software specifications for 

different virtual machines are specified in Table 3. 

 

Table 3: Virtual Desktops Specifications 

Virtual Desktop VM1  VM2 VM3 VM4 
CPU 2 core 2 core 2 core 2 core 
Memory 4GB 4GB 4GB 4GB 
Hard disk(SSD) 40Gb 40GB 40GB 40GB 
Operating System Windows 

server 2008 R2 
Windows 
server 2008 R2 

Windows 
server 2008 R2 

Windows 
server 2008 R2 

 
Four different virtual desktops namely VM1, VM2, VM3 and VM4 with 

specifications as shown in Table 3 were selected. 

 

3.3.2 Performance Monitoring 
 
Performance testing was done for the virtual desktops, with similar hardware and 

software specifications on both OpenStack and VMware VDI’s. Virtual desktop 

hardware and software specifications is shown in Table 2. In the experiment, a total of 

five test beds were considered. In every test, six performance metrics were taken into 

account. The performance metrics are CPU usage, memory usage, average IO, average 

latency, throughput, IOPS and processor queue length. 

To calculate these parameters, performance monitor tool was used. Running the 

various test beds the counter values for the specific metric were stored. The counter 

values were generated by the Perfmon for a sample interval of ten seconds. 

 

3.3.2.1 CPU usage 

CPU usage was interpreted from the counters values of % Processor (_Total)\% 

Processor Time and Processor (_Total)\% User Time. CPU utilization is the average of 

the % Processor (_Total)\% Processor Time and Processor (_Total)\% User Time. 

3.3.2.2 Memory usage 

The counter value used for determining memory usage was \Memory\Available 

Mbytes. This counter values gives the available memory in the system. From this the 

percentage memory usage was calculated. 

3.3.2.3 Average IO size 

The Perfmon counter name representing average IO size is Avg Disk 

Bytes/Transfer. For the experimental setup only one logical disk was taken. 
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3.3.2.4 Average Latency 

Avg Disk sec / Transfer counter was used to represent average latency. This 

counter represents the average time the disk transfers have taken to complete in 

seconds. This is the counter used to measure IO latency. 

3.3.2.5 Throughput 

Throughput was calculated using Disk Bytes / sec counter. This counter in 

performance monitor derives the total number of bytes sent (write operation) and 

retrieved from disk (read operation). These values are stored over a period of one 

second and if the sample rate is higher the average values are represented. 

3.3.2.6 IOPS 

Disk Transfers / sec was the counter which specifies IOPS. Disk transfers / sec 

captures the number of total individual disks IO requests over one second. 

3.3.2.7 Processor Queue Length 

The counter used for processor queue length is System\Processor Queue Length 

This counter represents the number of threads waiting for processor time. A processor 

bottleneck develops when threads of a process require more processor cycles than are 

available. 

3.4 Test bed Setup 
 
Two experiments conducted as a part of thesis work. The first experiment was to 

calculate the VM launch time in both OpenStack VDI and VMware Horizon View 

considering two cases. The second experiment was to measure the performance of 

virtual desktop running in OpenStack VDI and VMware Horizon View, when the 

virtual desktop was put under different optimization tests scenarios such as CPU full 

load, complete memory consumption load, inserting stress hard disk and continuous 

write operation to see how the virtual desktops performs when put under these tests. 

3.4.1 Experiment 1 
 
This experiment was conducted to calculate the VM launch time in OpenStack and 

VMware VDI environment. For the same two cases were considered. 

 

In the first case virtual desktops were launched. The virtual desktop specifications 

used in this experiment are presented in Table 2. 

 

3.4.1.1 Launching virtual desktop in OpenStack 

 
First to launch a virtual machine the procedure followed was: 

 Creation of instance name: Here the name given was ITCVDI001. 

 Flavor: It is to specify the size of the VM to launch. The flavors which were 

created are shown in Table 4. 

 

Table 4: OpenStack flavors created 

Name Virtual Core(s) Memory Disk 

m1.small 1 1GB 20GB 

m1.medium 2 4GB 40GB 

m1.large 4 4GB 40GB 
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 Selection of image: Here an image is selected from the list provided or a new 

volume of image can be created. 

 Next the image name is given and key pair is given. 

 After this network is added to the VM from the list of networks available.is 

given. 

 The last step is to launch the VM. 

 

This procedure is followed to create the VM’s in first scenario. In this case first 

VM1 was launched and the launch time was calculated. Next successively, one after 

other VM2, VM3 and VM4 were launched and the VM launch time were measured. 

 

In second case all the four VM’s were launched in parallel i.e. VM1, VM2, VM3, 

and VM4z were launched all at a time and the launch times were calculated. 

3.4.1.2 Horizon View Installation 

 
Horizon View installation setup is described in below steps: 

 Setting up the required administrator users and groups in Active Directory. 

 Next is to install and set up ESX/ESXi hosts and vCenter Server. 

 For deploying linked-clone desktops, install View Composer, either on the 

vCenter Server system 

 Next step is to Install and set up View Connection Server.  

 Creating one or more virtual machines that can be used as a template for full-

clone desktop pools or as a parent for linked-clone desktop pools. 

 Next step is the creation of a desktop pool. 

 The administrator and the user control access to desktops are set up. 

 Install View Client on end users' machines and making end users access their 

View desktops. 

 Instructions: VMware Horizon View Administration document 

 

In this scenario the virtual desktops were launched from VMware Horizon View. 

For this test bed the image or the clone was created in VMware vCenter server with 

specification as shown in Table 2. 

 

In the first case only one VDI was launched from VMware Horizon View and for 

the next case 4 virtual desktops were launched in parallel with specifications as 

mentions in Table 3. 

 

3.4.2 Experiment 2 
 
This experiment was conducted to test how the virtual desktop, at the user end 

behaves when put under various load test scenarios. The virtual desktop selected is 

Windows server 2008 R2 with specifications as shown in Table 2. The same 

configuration was given for the desktop in both OpenStack VDI and VMware Horizon 

view. 

 

The performance metrics which were taken in this experiment are  

 

 CPU Utilization: This determines the amount of work been done by CPU or 

the usage of the computing resources by the OS. 

 Memory Utilization: It is the amount of memory that a process or processes 

take to finish the work 
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 Average IO size: It is the average size of the individual disk requests for a 

sample interval. 

 Throughput: It the capability of the hard disk or storage to transfer an amount 

of data in a fixed interval of time. 

 Average Latency: Average latency is the time taken to complete a single input 

output operation. 

 IOPS: It is the number of read-write operations a storage can service in a 

second. 

 Processor Queue length: The number of threads waiting for the processor is 

the processor queue length. 

 

This experiment was divided into several stages. At each stage specific test case 

was performed and the performance of virtual desktop running in OpenStack VDI and 

VMware Horizon view was calculated. 

 

3.4.2.1 Test Case1 – No Load 

Performance of CPU, memory and disk were calculated from the counter values 

generated from Perfmon when the virtual desktop is in ideal state. Here the counter 

values are taken for every 10 seconds. 

3.4.2.2 Test Case2 - Full load on CPU 

In this scenario CPU was put under complete load. Script was written to generate 

100% load on CPU. Performance metrics were calculated from the counter values 

generated from Perfmon. The counter sample were stored for every 10 seconds. 

3.4.2.3 Test Case3 – Full load on Memory 

In test case2 script was written to put memory under full stress and the 

performance metrics are calculated as described in Section 3.2.2. 

3.4.2.4 Test Case4 – Write temp file 

In this scenario Heavyload tool was used to test how the performance of the VM 

behaves when faced with dwindling disk space. In this scenario the tool writes a test 

file to the hard disk with variable speed. After this test is run the performance counters 

were generated from Perfmon. From those counters the metrics were calculated. 

3.4.2.5 Test Case5 – Simulation of Disc Accesses 

This test case checks how much stress the hard disk can take and checks its 

reliability. HeavyLoad simulates a number of hits on files and folders on all local 

disks. During this test case the counter values from Perfmon are stored. 



 

16 

 

4 RESULTS AND ANALYSIS 
 
The following section represents the results of the experiments conducted for this 

thesis. Brief analysis of the results obtained are drawn simultaneously. 

 

Experimental results have been divided into two parts. In the first part, Experiment 

1 results are presented and next the results obtained for the performance of virtual 

desktop running on top of OpenStack VDI and VMware Horizon View in various test 

cases are shown. 

4.1 Part 1 
 
This section provides the results for Experiment 1. In this experiment the virtual 

desktop launch time was calculated for two cases. In the first case, virtual desktops 

were launched in serial while in the second scenario they were launched in parallel. 

 

4.1.1 Virtual Desktops Launch Time 
 
In the first case the virtual desktops were launched serially. The launch times are 

as shown in Figure 6. 

 

 
Figure 6: Desktops launched serially 

 

From Figure 6, it can be easily interpreted that virtual desktop launch time in 

OpenStack VDI is almost 2 times less the time taken in VMware Horizon View. 

In the second scenario four virtual desktops namely VM1, VM2, VM3 and VM4 

are launched in parallel i.e. all virtual desktops are launched at a time. The hardware 

and software specifications are shown in Table 3 in Section 3.2.1. The graphs for this 

scenario are shown in Figure 7. 
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Figure 7: Desktops launched in parallel 

 

From Figure 7 it can be clearly interpreted that the time taken to launch all the 

virtual desktops takes same time as to launch the desktops serially. 

 

Table 5: VM Launch time with image creation 

Virtual Desktop OpenStack VDI VMware Horizon 

VM1 25min 33sec 39min 40sec 
 

Table 5 shows the time taken by VM1 to launch virtual desktop when the image 

file is not loaded. 

 

4.2 Part 2 
 
In this section results for Experiment 2 are presented. This section is again divided 

into several sections based on the tests conducted on virtual desktop on both 

OpenStack VDI and VMware Horizon View. In the first part results and analysis are 

presented for the test case for no load. Here the performance metrics such as CPU 

usage, memory usage, average IO size, throughput, average latency, IOPS and 

processor queue length are calculated. Similarly, in the next sections various tests beds 

results are presented. 

 

4.2.1 No Load 

4.2.1.1 CPU Utilization 

The graph for CPU usage is shown in Figure 9. The CPU usage for this case 

scenario is the same for both OpenStack VDI and VMware Horizon View. 

4.2.1.2 Memory Utilization 

The memory allocation for the system in ideal state is more in OpenStack VDI 

desktop than VMware Horizon View. 
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4.2.1.3 Average IO size and Throughput 

As there is no load on the desktop and any read and write operations these two 

parameters are the same in both the VDI solutions. 

 

 

 
Figure 9: Graphs for No load test case 

 

4.2.1.4 Average Latency and IOPS 

There are no variation either in these two parameters as the virtual desktop is in 

ideal case. There is a spike in latency for the desktop running on VMware Horizon 

View and it can be because of the Perfmon tool. 

 

4.2.2 Full load on CPU 
 

4.2.2.1 CPU Utilization 

From Figure 10 it can be clearly seen that, CPU usage for virtual desktop running 

on top of OpenStack VDI is less than that on VMware Horizon View. Virtual desktop 

on VMware Horizon completely utilizes the processing power while for the same test 

the desktop on top of OpenStack VDI uses less compute power. It can be interpreted 

that VMware completely provisions the processing capacity for the applications while 

OpenStack stores some compute or it does not allocate the complete processing 

capacity to a single application. 
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Figure 8: Graphs for Full load CPU test case 

 

4.2.2.2 Memory Utilization 

In Figure 10 it can be viewed that the memory utilization for desktop running on 

VMware Horizon View and OpenStack is linear, although the difference is negligible. 

 

4.2.2.3 Average IO size 

Figure 10 shows that average IO size for virtual desktop on VMware Horizon 

View is greater than that on OpenStack VDI. 

 

4.2.2.4 Throughput 

Throughput for VMware running virtual desktop is better than OpenStack VDI. 

 

4.2.2.5 Average Latency 

It can be clearly viewed from Figure 11 that average latency for virtual desktop 

running on OpenStack is higher than that on VMware Horizon View desktop. 

Generally it is considered that latency above than 20ms as a bottleneck and the average 

latency in OpenStack VDI is 20 times higher than that. 

 

4.2.2.6 IOPS 

IOPS for VMware Horizon View virtual desktop is better than OpenStack VDI 

virtual desktop. But the average values collected over a sample interval shows that the 

difference is negligible. 
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Figure 9: Graphs for Full load CPU test case 

 

4.2.2.7 Processor Queue Length 

The processor queue length for VMware Horizon View virtual desktop is largely 

greater than OpenStack virtual desktop. Generally, when the value of queue is two 

times greater than that of number of CPU cores for an extended period then it is shown 

represents that the processing capacity is low. Here it can be clearly seen that VMware 

Horizon View virtual desktop has the average queue length of 4, which is twice the 

number of cores for the virtual desktop on VMware Horizon View. 

 

In this test bed, virtual desktop on OpenStack VDI performed better in most of the 

performance metrics. But it can be seen that desktop on OpenStack VDI doesn’t provide 

all its computing power to one application while VMware completely given its processing 

power. The same can also be seen from average processor queue length that there is no 

processing capacity left in VMware virtual desktop. There are not much changes in other 

metrics as there is no load on the disk. 

 

4.2.3 Full Memory Load 

4.2.3.1 CPU Utilization 

CPU Utilization Graph from Figure 12, it can be clearly seen that CPU usage for 

VMware Horizon View Desktop is higher than OpenStack virtual desktop. 

 

4.2.3.2 Memory Utilization 

In Figure 12 the memory utilization for virtual desktop running on VMware 

Horizon View is less than the one running on OpenStack VDI. One more interpretation 

which can be seen is that there is a gradual increase in memory in VMware Horizon 

View than in OpenStack VDI over a sample interval. 
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Figure 10: Graphs for Full load Memory test case 

 

4.2.3.3 Average IO size 

Average IO size for both the VDI environments is similar but the average IO size 

is slightly greater for virtual desktop on VMware Horizon View than in OpenStack 

VDI. 

 

4.2.3.4 Throughput 

It can be easily interpreted from Figure 11 that throughput for virtual desktop on 

VMware Horizon is considerably better than that of OpenStack VDI. 

 

 
Figure 11: Graphs for Full load Memory test case 
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4.2.3.5 Average Latency 

Graphs for average latency shown in Figure 13 clearly represents that average 

latency for virtual desktop on OpenStack VDI is much better than the VMware 

Horizon View. It can also be deduced that latency is higher than 20ms for both the 

environment but for VMware Horizon View it is much higher. Generally it is 

considered that reduced latency means more efficient use of processor and memory. 

 

4.2.3.6 IOPS 

From the IOPS graph in Figure 13 one can easily conclude that IOPS for virtual 

desktop running on VMware Horizon View is much better than OpenStack VDI. 

4.2.3.7 Processor Queue Length 

The queue length for both is environment is almost similar and there are no threads 

which are waiting. It can also be observed that at the initial stage of the experiment 

there was some threads which were waiting for the processing power. It can be 

because when full memory load was put on the system there was a high demand for 

the processor and some threads were waiting in the queue. 

 

In this test case virtual desktop on VMware Horizon view performed much better than 

OpenStack VDI. It can also be interpreted that VMware VDI provides better memory 

optimization for applications on virtual desktops. 

 

4.2.4 Write Temp File 
 

 
Figure 12: Graphs for Write Temp file test case 

 

4.2.4.1 CPU Utilization 

CPU utilization graph from Figure 14 represents distinctly that the CPU usage for 

virtual desktop running on OpenStack VDI is less than the VMware Horizon View 

environment. 
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4.2.4.2 Memory Utilization 

Memory usage for both the environments is linear and the memory usage is almost 

similar. 

4.2.4.3 Average IO size 

From Figure 14 it is evident that the average IO size for both the VDI 

environments is almost same. 

4.2.4.4 Throughput 

Throughput graph is plotted in Figure 14. From that it can be clearly deduced that 

throughput for virtual desktop running on VMware Horizon View is much better than 

OpenStack VDI environment. The average throughput values over a sample interval of 

the experiment are represented in Figure 12. 
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Figure 13: Graphs for Average Throughput in Write Temp file test case 

 

 

 
Figure 14: Graphs for Write Temp file test case 
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4.2.4.5 Average Latency 

From the graphs plotted for average latency in Figure 17 it can be clearly deduced that the 

latency for virtual desktop running on OpenStack VDI is much higher than in VMware 

Horizon View. The average latency for both the environments is higher than 20ms, which is 

generally considered as the benchmark for hard disk bottleneck for performance changes. 

Further, average latency for virtual desktop on OpenStack VDI is almost 2 times higher than 

that in VMware environment. 

.  
Figure 15: Graphs for Average Latency in Write Temp file test case 

 

4.2.4.6 Processor Queue Length 

.Queue length in the OpenStack environment is slightly higher compared to that of 

VMware Horizon View. The graphs are represented in Figure 16. But these changes 

are acceptable as even though number of queues were greater than the core present but 

the duration of the queue length was for few seconds. 

 

In this test scenario, no general conclusion are be drawn. In terms of CPU usage and 

processor queue length OpenStack VDI solution performed better while in all the other 

cases VMware showed better performance results. 

 

4.2.5 Simulation of Disk Access 
 

4.2.5.1 CPU Utilization 

From Figure 18 it is clearly seen that CPU usage for virtual desktop considered on 

OpenStack VDI was better compared to VMware Horizon View environment. 

 

4.2.5.2 Memory Utilization 

Memory usage for both OpenStack and VMware environment is linear as shown in 

Figure 18. The memory usage for OpenStack Environment is much high compared to 

desktop on VMware Horizon View. 
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Figure 16: Graphs for Simulate Disc Access test case 

 

4.2.5.3 Average IO size 

Average IO size for virtual desktop on OpenStack VDI is very high than in 

VMware Horizon View environment. The average IO size values collected over a 

sample period are shown in Figure 19. 

 

 
Figure 17: Graphs for Average IO size in Simulate Disc Access test case 

 

4.2.5.4 Throughput 

From the graphs plotted for throughput in Figure 18 and from the average values 

collected over sample period which are depicted in Figure 19, it is clearly viewed that 

the throughput for virtual desktop on OpenStack environment is very high compared to 

VMware Horizon View. 
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Figure 18: Graphs for Simulate Disc Access test case 

 

4.2.5.5 Average Latency 

The average latency for both the environment is very high, though for virtual 

desktop on OpenStack VDI environment is considerably higher than VMware Horizon 

View. 

4.2.5.6 IOPS 

From Figure 20 it can be clearly viewed that IOPS for virtual desktop on 

OpenStack VDI environment is higher than in VMware Horizon View. The IOPS 

value in OpenStack environment is almost 9 times higher than the VMware Horizon 

View. 

4.2.5.7 Processor Queue Length 

The queues present in virtual desktop on VMware Horizon View are much higher 

than the OpenStack environment. In VMware environment on an average 3-4 threads 

were waiting, which is a very serious processor performance bottleneck. 

 

In this test scenario, OpenStack outperformed VMware Horizon View in all the test 

cases. It can be seen that OpenStack provides a better solution for disk access compared 

to VMware. 
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5 CONCLUSION AND FUTURE WORK 
 
The purpose of this thesis was to provide an insight for enterprises to shift towards 

OpenStack VDI solution or the VMware Horizon in DaaS for private cloud 

environment. The benchmarks that were considered were the launch times for virtual 

desktops in both the environments and the performance of the virtual desktop when put 

under various test cases. 

 

In the first test bed the launch times were considered for both OpenStack VDI and 

VMware Horizon to test how much time it takes to launch a virtual desktop in each 

environment. It was very clear from Section 4.1.1 that the launch time for virtual 

machine in OpenStack VDI takes much less time than VMware Horizon. Another 

conclusion drawn is that the even when more than one virtual desktops launched in 

both the environment it took the same time as when launched in serially one after the 

other. 

 

In the second test bed performance was benchmarked with various parameters 

such as CPU utilization, memory usage and the disk performance parameters like 

average IO size, throughput, average latency, IOPS and processor queue length. 

Several test cases were considered like full load on CPU, full load on memory, write 

operation in hard disk and testing when the hard disk is put under stress. 

 

Based on the results of two experiments conducted it can be concluded that 

OpenStack VDI solution performs better both in terms of virtual desktop launch time 

and in terms performance. Though there were many bottlenecks present while running 

the test cases in both OpenStack and VMware VDI environments. 

 

Virtual desktop of OpenStack VDI performed much better when the disk was put 

under stress. This test case was represented with continuous write functions and other 

test beds on the disk for checking its reliability. 

 

5.1 Linking to Research Questions 
 
The research questions framed are answered in the context of virtual desktops on 

OpenStack VDI and VMware Horizon View environments are as follows 

 

1. How does VMware Horizon and OpenStack VDI solution perform in terms of 

virtual desktop launch time, when the desktops are launched in serial, one 

after the other and in parallel, all are launched simultaneously? 

This answer for this research question has been divided into two parts. In the first 

case when the virtual desktops were launched in serial i.e. one after the other 

simultaneously it was observed that time taken for launching desktop on 

OpenStack VDI solution took much less time than in VMware Horizon View. In 

the test case when the image was not loaded in both OpenStack VDI and VMware 

Horizon the time taken was less for virtual desktop launch in OpenStack 

environment. 

In the second scenario, four virtual machines were launched in parallel, all at a 

time. In this case again the time taken to create virtual desktop was less in 

OpenStack VDI solution but it was observed that the time taken to create all the 

virtual desktops was almost same. 
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2. How do DaaS, Desktop as a Service VDI’s offering on VMware Horizon and 

OpenStack perform in multiple test cases in terms of CPU utilization, 

memory utilization, processor queue length and disk performance metrics 

like average IO size, average latency, throughput and IOPS? 

The answer to this research question has been divided based on the performance 

metric values obtained and on the test beds performed. In the first case based on 

the various performance metrics the behaviour of virtual desktops on OpenStack 

VDI and VMware Horizon View are presented and in the second case the 

conclusions are presented based on the tests conducted on the virtual desktops in 

both the environments. 

The conclusions based on the performance metrics are: 

 It was seen that the CPU utilization in all the test cases was less in virtual 

desktop on OpenStack VDI. Especially the change was considerable when the 

hard disk was put under test, i.e. for write temp test and the disk access test.  

 It was also clear from the result section that desktop running on VMware 

Horizon uses less memory compared to that of OpenStack in all test cases.  

 Average IO size was comparatively high for virtual desktop on OpenStack VDI 

than in VMware Horizon in most of the test cases.  

 There was no general conclusion found for throughput from all the test cases 

but when the hard disk was put under stress to check reliability the throughput 

for OpenStack virtual desktop was better.  

 Average latency for VMware Horizon virtual desktop was high compared to 

that of OpenStack environment. And in most of the cases the latency was high 

than 20ms which shows that the system has disk bottlenecks. 

 IOPS had a comparatively high value in OpenStack VDI and in some cases like 

when the disk stress was applied it showed very high value compared to 

VMware Horizon virtual desktop. 

 Processor queue length was optimum in most of the cases in both the 

environments but the queue length in VMware Horizon virtual desktop was 

much higher compared to OpenStack environment. 

 

Conclusions based on the test beds conducted: 

 For full load test on virtual desktop running on OpenStack VDI and VMware 

Horizon shows that most of the performance metrics for VMware Horizon VDI 

were better but the difference was small. 

 Considering full load memory test bed on virtual desktop on both the 

environments the results showed that both the VDI’s solutions performance 

was similar though average latency in OpenStack was little high. 

 The test case when write functions were performed on temporary folder it 

showed that the performance of OpenStack VDI was better than VMware 

Horizon. The CPU usage and the average latency were considerably better than 

VMware Horizon virtual desktop. 

 The test case where the reliability of disk was tested showed that OpenStack 

out performed VMware Horizon. 

5.2 Future Work 
 
The scenario of DaaS is rapidly increasing. One of the main parameter which is 

seen extremely important is to provide the users the desktop services with less latency 

and better user experience. This can be done by comparing various display protocols 

used in VDI solutions. Also future experiments can be performed by finding the 

number of virtual desktops that can be launched per host. And also the reliability of the 

offline VDI solutions for various technologies can be performed. 
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APPENDIX A 
 
The summary of responses for the survey conducted along with the questionnaire 

prepared are show below. 
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