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_____________________________________________________________________________ 

 

Virtualization has with it many advantages – Better CPU resource usage, less carbon footprint 

and better energy Management of IT hardware, thus leading to reduced power consumption, 

Improved resource and component managementthrough a central environment control, improved 

availability and reduced downtime, improved disaster recovery capability through better failover 

clusters, and improved outsourcing services amongst many others . In this paper, we will present 

a brief look at virtualization, its benefits, analysis and operational efficiency over physical 

servers. 
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1.0 Introduction 
 

Virtualization is a word that is always used in the Server and Computing industry to describe 

many different technologies.Some of these technologies are Hardware, Storage, Server, Process, 

Operating System virtualization
 [1]

. 

Virtualization is commonly used to describe the process of separating the operating system layer 

from the serverHardwarelayer
 [2]

. This is commonly achieved through the deployment of 

virtualization software engines known as hypervisors (also known as Virtual Machine Monitors) 

some of the commonhypervisors in the business place are VMware‟s vSphere and 

Microsoft„sHyper-V and   Citrix‟s Xenserver, amongst many others.  

Although server virtualization has been around for decades the term has become of widespread 

use only a decade ago when an efficient Virtual Machine Monitor was developed for Intel 

servers
[1]

. Virtualization has quickly evolved from concept to reality. The technologies that are 
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used forServers, clients, storage, and networks are being virtualized to create flexible and cost 

effectiveIT infrastructures.  

Today, there is an Emphasis on reducing an Organization‟s Total Cost of Ownership  andalso 

increasing the organization‟s Returnon Investment on IT Projects;hence, virtualization of servers 

is an area if IT that cannot be ignored, as it is leading the pack, and creating an Impact on data 

centers around the Globe.Also, powerconsumption reduction and carbon footprint elimination is 

a factor in TCO and ROI and helps data centers with the “Making of Green IT” initiative a 

success.  There are many forms of virtualization such as desktopvirtualization and storage 

virtualization initiatives, but this paper focuses on the benefits of Server virtualization and takes 

a look at it operational efficiency. 

Virtualization is viewed as a plus in Datacenters, and is also advantageous for a swift and easily 

manageable business continuity process – but only if the total data center environment remains 

manageable. Early adoption and migration tovirtual servers typically uses non-mission critical 

applications and Disaster Recovery (DR)solutions
 [3]

.  

Before now, datacenters and industries had at least one server per application doing this was to 

avoid the servers from crashing,isolate applications from others applications; so should an 

application crash, the other applications hosted on that server would not have to be affected by 

the crashed app. This practice continued for decades until the virtualization idea started. Today 

almost all datacenters and servers have adopted the virtualization drive and more virtualization is 

taking place in the datacenters. 

 

2.0 Benefits of Server Virtualization 

 Allows us to “port” old operating systems and legacy applications into abetter and 

more moderninfrastructure. Virtualization of an Operating System or application will 

make such a system „portable‟. Thismeans that the software can be hosted on newer 

systems, with better system management features, therefore allowing for modernbackup 

devices and software, better Hardware solutions, improved systems that monitor 

performance, and workloadmanagement utilities that can bemade to work on the newly 

migrated Operating System or application
 [4]

. This doesn‟t mean that the legacy system 

will lose its functionality. No! The original functionality will be maintained, but it will 

now be maintained on a better managed infrastructure and Hardware. Forexample, if we 

have mission-critical software that  runon an old version of windows XP, they could be 

migratedonto a newer server with better encryption,better backup, better security, better 

memory managed-processes, and a dedicated fail-over. 

 

 Makes it possible to run old Operating systems and applications on modern 

infrastructure with a higher performanceindex. A virtualized Operating System or 

application can be ported from a slow system to a system with a higher performance 

index. This can allow for a significant performance gains to beachieved, without affecting 

the overall functionality of the system. Though there may be an overhead in the 

acquisition and deployment of virtualization software, the overall effect can be 

animprovedperformance gain for the application. Virtualizationoverhead is typically less 
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than 10% of the total cost of ownership of server systems over a three-year period. Other 

little system elements (e.g., Network Interface Card speed,Hard disk I/O speed, and 

Speed of the backup software) are faster on the new system,adding to the overall gains of 

virtualization. This means there is an increase in realizedperformance, whileconsolidating 

footprint. 

 

 SupportOld applications by depending on the new featuresof new physical (virtual) 

systems.In most cases, peripheral hardware attached to the new system canincrease the 

value and reduce the operational cost of the Old application. The newdevice acts as the 

older device (attached to the original server), yet it adds value bycontributing features 

that are not readily known to the virtualized Operating System or application. An 

example could be cited where an application that makes use of plenty disk space is 

moved to a server that has a Storage Area Network or a Network attached Storage 

attached, or wherean Operating System with a small-memory footprint and a huge paging 

requirement is run on a server with high memory availability and solid-state disks. Such 

as operating system or application would perform maximally in its overall index than 

when it was running on the old physical hardware, because of the hidden memory and 

storage resources available to it.  

 

 Easy Migration of Virtual machines:Migration is the moving of the settings, the 

configuration and data in one VM to another VM. It also includes virtual disk storage, 

with virtualization technologies likeVMware Storage VMotion
[9]

. VMware Storage 

VMotiontechnology has been improved with vSphere, and now includes the option for 

migrating from a fully allocated virtual disk to a thin-provisioned virtual disk. 

Considering the great costs associated with shared storage and storage server 

implementation and migrations, the ability to migrate in this way has enabled 

virtualization administrators to provide resources as needed, with no impact or downtime 

to the business. 

 

 Improve and increase the utilization of assets and resources.We all know that during 

the server sprawl era, when we had distributed servers everywhere taking up all available 

space, those servers‟ resources we greatly underutilized. Reliable Industry figures were 

often cited that those serversran at less than 20% utilization (of both memory, disk space 

and processor power). This figures show us that there is significant asset waste. When we 

combine two to four physical servers into one of those physical units, we can see that 

there will be an increase in resource utilization.When we combine the servers into one 

and use then, the  overall asset utilization will still remain the same because we still have 

a someidle de-commissioned servers running that are totally idle, but once we dispose of 

the idle systems, then thewe can say we have improved and increased the utilization of 

the assets.
[5]

 

 

 

 Reduction in the requirements for systempower, and server cooling.When there is a 

move from several small physical servers to a handful oflarger ones, we often experience 

a decrease in the overall energy requirements for the two systems when compared. 

However, there will be a difficulty in measuring and even leveraging on the energy 

http://www.vmware.com/products/storage-vmotion/overview.html
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savings since the servers may not be in one physical location, so they may not really 

appear as one large lump-sum on the financial statement, instead they will be broken 

down into tits and bits here and there, but we know they are there.In the case of a central 

IT facility, the energycosts willappear to have grown substantially, because now all the 

energy demands areconcentrated in one, central budget. But at a theoretical although 

typicallynon-measurable level, overall energy usage can be reduced if we virtualize and 

have several applications running on a virtual server. The power requirement for a server 

when running several operating systems in a hypervisor remains same even when it‟s 

running only one Operating system. 

 

 Improved Space management and reduction in space required for servers.When we 

centralize or virtualize we achieve this goal. We free up the floor spaces where the 

decommissioned servers are and can make use of the space for offices or Storage. 

 

 Reduce physical networkload. Most times, servers that are connected together in the 

same subnet or that depend on each other for information sharing, can be virtualizedand 

hosted on the same physical machine just like we do on mainframe computers, where 

onepartition hosts the Database, another one the web access layer, and another one the 

actual application software. Insuch cases, the network connections between the Virtual 

Machines run „inside‟ the physical machine(often in internal RAM) in virtual LANS. 

These internal LANS can be very, very fast speeding up overall performance, thus 

freeing the network from the load of sending packet over various NICs 

 

 Implementation resource management policies.In many cases, the 

virtualizationtechnology used is supported by an eco-system of management products and 

tools, frommultiple vendors. Some of the tools are focused on workload management, 

implementing various types of policy-based logic. Typical examples would be tools that 

move a VM from onehost to another (for reasons of data access) and tools that allocate 

more processors to a given VM during anticipated peak-load periods. When servers are 

virtualized, IT can takeadvantage of workload and provisioning tools to simplifythe IT 

management workload, andincrease overall performance/reliability. 

 

 Helps in Fast configurations and re-configurations. Of the many advantages of server 

virtualization, one of them is the speed with which we can make a change to an existing 

server configuration. The possibility of moving virtual Machines from one 

physicalsystem to another (without the attendant ceremony of unplugging wires and 

reinstalling Operating systems), means that fast configuration and re-configuration of the 

server isa reality and very possible. This can be very useful in times of 

circumstantialsystem downtime, peak loadadjustments, and technological refresh.  

 

 Consolidation and Centralization of system management functions (e.g., patch 

management, File Server Management, security, role management).In addition to the 

standard centralization benefits available in consolidation scenarios, virtualinfrastructures 

can also be protected more effectively, through centralized software tools.Tools exist 

today to allow network-wide application of updates, patches, software agents,security 

scans, problem containment, failover, etc. 
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 Accelerate fault detection and isolationmeasures.When a Virtual Machine is 

compromised by a bot, virus,and malware orbecomes a „carrier‟ of a malware, and begins 

to create a risk to other servers and systems on the network, If the server hosting the 

particular OS is virtualized, it is very easy to shut down or restart a fresh uninfected copy 

of a virtual machine. This when done on a physical server takes more time than when it is 

done on a virtualized environment. 

 

 Implementation of proper resource usage accountability and chargebackoptions.The 

current generation of virtualizationtechnologies are starting to produce tools to allow 

measurement and reporting of resourceusage. This will allow IT department to implement 

cost-awareness programs, and eventually,cost-chargeback programs for Virtual Machine 

usage. 

 

 Reduce cost of Test and Developmentequipment. Server Virtualization was usually 

used in the Research and development department in the early years of development. IT 

personnel usually have virtual copies of allthe server OS/application stacks, running on 

only one physical server. When anupgrade or new application becomes available, these 

Virtual Machine copies of theproduction servers were where the changes were usually 

tested first. This reduced the cost of quality assurance and checks, ofcourse, since the 

patches weren‟t pushed out to servers which would have problems with theupgrade. Also, 

it was easy to create a new Virtual Machine for software development jobs.This strategy 

was always used, because it reduced the costs that would have been incurred in buying 

physicalsystems for Test/Development. 

 

 Reduce, cost of server acquisition or defer it to some other time.One of the ways 

server virtualization was used was in the reduction of requests for additional future 

servers by the business units. When virtualization has been done in an organization, any 

other request coming for a new dedicated x86 physical servers will be checked if it can fit 

into the virtualization model. If it can, then the only cost tobe incurred would be the cost 

of licensing the software. This can help save cost, space and also energy till further 

notice, when the workload grows, and there is need for physical servers. 

 

 

 

 

3.0 Performance Comparison of Virtualized Servers against 

PhysicalServers. 

 
Physical servers are server configurations that do not leverage on the Power of Virtualization to 

optimize server Hardware resources.  Some Technology experts argue that Physical servers are 

better than virtualized servers as they offer you the opportunity of leveraging on the server 

resources 100% and are cheaper to acquire, while running your applications. This has however 

been found to be untrue in majority of the server farms and server deployment environments as 
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no application has been noted to take over all 100% resource of the server resource with 

appropriate load balancing and server monitoring and optimization technologies in place. 

Because of the technology built into virtualization like memory page sharing, thin-provisioned 

disks and the hypervisor CPU scheduler, you can get away with fewer resources than you would 

need with physical servers. 

We compared a single virtual host using free ESXi and two virtual hosts with shared storage 

using the Essentials Edition of vSphere for failover capability
 [18]

. 

For both the physical servers and virtual host, we included RAID storage which organizations 

will typically want with all servers in their data center. Let's start with the cost of the small 

physical servers. We‟llchoose a basic Hewlett-Packard (HP) DL120 with the following 

specifications: 

 HP ProLiant DL120 G5 Server 

 Dual-Core Intel® Xeon® processor E3110 (3.0GHz, 6MB L2 cache, 1333MHz FSB) 

 HP 4GB Unbuffered ECC PC2-6400 DDR 4x1GB Memory 

 HP Embedded SATA Controller 

 HP 160GB 3G SATA Non-Hot Plug 7,200rpm 3.5" ETY Hard Drive  

 Embedded HP NC105i Gigabit Server Adapter 

After the server has been configured, the cost of this server as configured above is $1,135.00. For 

nine of them the total would be $10,215. Let‟s have a look at our virtual hosts.  A DL380 G5 

with two quad-core processors should be sufficient to handle eight virtual machines. As we 

know, a rule of thumb in server virtualization when calculating the number of single vCPU VMs 

per single processor core is 4:1, so if we have eight CPU cores, that should be enough for all of 

our expected virtual machines, which will be eight in number. The HP DL 380 we will choose 

for this purpose has the following specification: 

 HP ProLiant DL380 G5 Server 

 Quad-Core Intel® Xeon® X5450 (3.00GHz, 1333MHz FSB, 120W) Processor 

 Quad-Core Intel® Xeon® X5450 (3.00GHz, 1333MHz FSB, 120W) Processor 

 HP 32 GB Fully Buffered DIMM PC2-5300 8X4GB Memory 

 HP Smart Array P400/256 PCIe Controller 

 HP 300GB Hot Plug 2.5 SAS Dual Port 10,000 rpm Hard Drive. 

 HP 1000-W Hot-Plug Power Supply 

 HP 1000-W Redundant Hot-Plug Power Supply (NEMA) 

 HP Redundant Hot-Plug Fans 

 Embedded NC373i Multifunction Gigabit Network Adapter 

 HP NC364T PCI Express Quad Port Gigabit Server Adapter - Low Profile 

The total cost for this server to be used as a virtual host is $9,548; to add virtualization software 

to this server costs nothing if you use the free edition of ESXi. This gives us a host with 8 

processor cores, 32 GB of memory, 1 TB of disk and 6 network interface cards (NICs). So if we 

chose the no failover route the cost comparison between eight physical servers and one virtual 
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host is $9,080 vs. $9,548. Now this is a pure hardware cost comparison and doesn't take into 

account the many advantages that virtualization provides in features and energy savings. As you 

can see the cost of the hardware is about the same, so why wouldn't you choose the virtual route 

instead of sticking with physical servers? If you wanted to add High Availability (HA) to your 

virtual hosts (which you will want if you are running critical applications) you will need to add a 

second virtual host and shared storage so you can utilize the VMware HA feature. 

You could use the free edition of ESXi, but it does not support the HA feature, so you would 

have to manually restart VMs on another host in case of a failure. Instead we'll use the low-cost 

VMware Essentials plus Bundle that supports up to three hosts with two physical processors each 

and up to six cores per processor. At $3,624, this is the lowest cost edition that supports the HA 

feature and also includes vCenter Server. 

Our grand total for this whole setup is below: 

 DL380 G5 -- $7,401 

 DL380 G5 -- $7,401 

 MSA2300 -- $8,769 

 VMware Essentials Plus -- $3,624 

The grand total is $27,195, more than two times the cost of the nine physical servers at $10,215 

but nowhere near the $90,000 that the author
 [19]

 estimated it would cost for just two servers. 

While going virtual may be $17,000 more expensive than using physical servers you are getting 

a lot more for the extra money spent, including the following: 

 Capacity for additional servers -- You will typically not want to exceed 60% resource 

capacity for two hosts that are using HA so there are sufficient resources available on one 

host to handle the VMs from a failed host. But that still leaves enough resources available 

to add additional VMs to each host if needed. If you need to add three more servers to the 

physical environment, it's going to cost you $1,135 for the hardware for each one. Adding 

three new servers to a virtual environment that has capacity available will cost nothing 

for hardware. 

 Additional features like the ability to snapshot and clone VMs and to easily build new 

VMs in minutes from templates. 

 Energy savings result in lower operational costs by having to power and cool a lower 

number of servers, plus a reduced data center footprint. 

 Centralized management of all virtual machines from a single console. 

 Less server hardware to install, maintain and upgrade, reduced costs for hardware 

support. 

 Below is a carefully analyzed result of the comparison of bare-metal servers and the 

Virtualized Server environments. These comparisons were made based on the following criteria 

 Speed of Deployment 

 Ease of Deployment 

 Failover Clusters 

 Ease of recovery 
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 Processing Speed 

 Speed of Applications 

 Ease of Sandboxing 

 Security 

 Cost of Optimization 

 Resource Utilization 

 Space Optimization and Utilizations 

 Storage Requirements, etc. 

 Hardware Installation, Maintenance and Upgrade. 

 

CRITERIA PHYSICAL VIRTUAL NO HA VIRTUAL WITH HA 

Number of physical servers 9 1 2 

Virtualization software N/A Free ESXi Essentials Plus 

Physical server total cost $10,215 $9,548 $14,802 

Shared storage cost 0 0 $8,769 

Virtualization software cost 0 0 $3,624 

Total cost $10,215 $9,548 $27,915 

Speed of Deployment Slow Faster Fast 

Ease of Deployment Not too Easy Easy (VMs can be 

built in Minutes from 

Templates) 

Easy (VMs can be built 

in Minutes from 

Templates) 

Failover and Disaster 

Recovery 

You would need 

to run regular 

back-ups and 

when the Physical 

Server Fails 

without a backup, 

everything is 

Lost. 

Virtualization makes 

Disaster Recovery 

way simpler as well. 

Thanks to the 

hardware 

independence  

Virtualization makes 

Disaster Recovery way 

simpler as well. Thanks 

to the hardware 

independence  

Ease of recovery Difficult and 

Painstaking 

once a VM inside 

your virtual 

infrastructure fails 

you can just run your 

backed up VMs on 

any server because 

the guest OS‟s are no 

more tied up to 

particular hardware. 

once a VM inside your 

virtual infrastructure fails 

you can just run your 

backed up VMs on any 

server because the guest 

OS‟s are no more tied up 

to particular hardware. 

Processing Speed Faster Fast Fast 

Power Consumption  Power is 

Consumed by 9 

Servers. 

Power is Consumed 

by Just one Server 

Power is Consumed by 

Just two Physical Server 

Resource Utilization Resources are 

Poorly Utilized, 

thus not giving 

Resources are greatly 

Utilized, thus giving 

full value for the 

Resources are greatly 

Utilized, thus giving full 

value for the Money 
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full value for the 

Money 

Money 

Hardware Installation, 

Maintenance and Upgrade. 

More hardware 

Support,maintena

nce and Upgrade 

needs to be 

carried out over 

the Physical 

Servers. 

Less hardware 

Support, maintenance 

and Upgrade needs to 

be carried out over 

the Physical Servers. 

Just one server is 

Used here. 

Less hardware Support, 

maintenance and 

Upgrade needs to be 

carried out over the 

Physical Servers. Just 

one server is Used here. 

 

4.0 Conclusion 
Server hardware can be utilized and optimized up to 80% if we allow the use of virtual engines 

and hypervisors. The remaining 20% can be left off for peak times and also for use in periods 

when there will be multiple users on the server. The efficiency as seen is up to 33% more 

efficient, as when compared with Physical servers. This helps improve process and response time 

and also helps failover clusters to be implemented better.  
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