
Virtual Datacenter Upgrade 

A Project  
Submitted in Partial Fulfillment 

of the Requirements for the  
Degree of 

 
Masters of Information Systems

  
 

Ryan Messier 

Department of Business Information Technology 
 College of Business 

Minot State University 
Minot, ND  

2015 

Do Not Copy



ii 

Do Not Copy



iii 

Signature Page 

Approval  
This project was submitted by 

Ryan Messier 

Dr. X, BIT 582 Course Professor 

Dr. X, MSIS Faculty Member 

Dr. X, MSIS Faculty Member 

Dr. X, MSIS Faculty Member 

Dr. X, MSIS Faculty Member 

MSIS Program Director 

Dr. Lori Willoughby 

Date of Defense: ____________________________________ 
Do Not Copy



iv 

Executive Summary 

Modern day organizations need agile datacenters to remain competitive in a volatile and 

global e-business arena.  An organization with a solid digital footprint, visible to all facets of e-

commerce, is only as strong as the core framework and network infrastructure behind the 

beneficial applications needed to remain consistently profitable.  The seemingly exponential 

technical growth, that takes place out of necessity to keep up with high digital demands of the 

common e-consumer, tends to lead to the oversight of hardware and software needed behind the 

scenes of a datacenter due to resource fatigue. This research and feasibility study strives to point 

out an example of a common growing pain that small businesses tend have in common while 

growing and normalizing their business on a lean I.T. budget.  

The R.E.M. Manufacturing Company realized that a recently implemented virtual 

datacenter package did not provide the optimal hardware and software needed to avoid a major 

downtime event on their network.  The package in itself was a great step forward for a higher 

uptime datacenter, however it turned out that not all possible disaster scenarios were considered 

when the purchase was made.  As the English phrase goes, “hindsight is 20/20” and the general 

oversight documented is a common issue with any new venture that requires cutting edge 

technology coupled with a high measure of tutelage on the topic. 

Under recommendation of a consultant, R.E.M.’s situation was dissected and researched 

in order to provide the appropriate measures needed to mitigate the issue by combining key 

upgrades in the form of hardware and software to avoid future problems related to the growing 

needs of the system.  It was proposed to upgrade the VMware Essentials software environment to 

a VMware Standard package coupled with a Storage Area Network to provide higher 

availability. 
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INTRODUCTION  

The R.E.M. Manufacturing Company is a family owned, manufacturer of competitively 

priced plumbing products.  R.E.M., founded in the early 1900’s, got its business legs on the 

ground by manufacturing ceiling plates and radiator air valves.  As the business grew, R.E.M. 

learned to keep fresh by being an innovator in the plumbing industry and paved the way for 

plastic injection molding lines of plastic tubular products for domestic residential use.  Through 

the 70’s and 80’s R.E.M. further expanded its manufacturing capabilities and sourcing footprint 

by establishing itself in the do-it-yourself market by adding creative marketing and 

merchandising programs to new sink, faucet, bathroom, shower and toilet repair lines.  The 

company established distribution facilities nationwide which claimed order fill rates reaching 

99.1% within days of receipt of order.  The present day supplier now has a presence in China 

allowing them to source a broad array of goods and services to meet any customer needs in a 

timely manner. 

STATEMENT OF THE PROBLEM 

The problem that needs attention at R.E.M. is the enhancement of its current virtual 

datacenter environment.  There is an urgent need to upgrade key problematic infrastructure to 

provide a more robust, agile, and highly available computer system that is resilient to disaster 

scenarios.  The proposed software and hardware will increase the overall goal of the organization 

of increasing profits  by eliminating downtime due to datacenter failure.  R.E.M.’s main office in 

Glenndale, CT suffered a 3-day outage of key application servers, leaving business and 

employees in a standstill while the small staff of I.T. members raced to mitigate the problem.  
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FINDINGS&

The problem occurred to a datacenter infrastructure that was recently virtualized utilizing 

the virtual solution “VMware Essentials” to consolidate servers, save money on licensing, and 

provide a stable, cutting edge environment to grow business.  Although the project saved money 

in the short term, the recent outage made it apparent that the solution implemented left many new 

exposures that were not contemplated prior to failure.  The current server farm is stable at the 

moment but the organization needs a solution to prevent the problem from occurring again.  The 

problem has been under review by the I.T. staff and remains under control to provide 

functionality to the user community, but the issue is not completely alleviated.  

The same problem could have been tackled and possibly avoided by addressing  “three” 

important constraints during the planning process.  It is important to point out that these 

constraints are common to all business planning processes because of competitive market issues 

and budgetary cost consideration: 

• Staffing 

• Hardware & Software Limitations  

• Service Level Agreements 

The staffing constraints came into view by assuming the number of datacenter employees 

typically needed to administer a datacenter of this size would usually be double what this 

organization has.   More datacenter employees with specific responsibilities lead to better 

coverage of the infrastructure and lends to a department more adept to deal with problems.  In 

this particular scenario more eyes on the system could have uncovered the problem earlier giving 

the department resources for a software and hardware upgrade implantation.   
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The findings are that the remaining individuals in R.E.M.’s I.T. department had 

responsibilities that fell outside of the virtual infrastructure being deployed causing a gap in 

coverage for the growing virtual datacenter.  Two employees are website administrators and 

designers and the other two fell under the ERP mainframe programing and system support arena.  

The company ERP on the IBM iSeries mainframe has historically been the driving force of the 

business utilizing the JT Computing for core business processes.  Today, with the influx and 

popularity of email, ecommerce, and 3rd party applications, the “virtual” datacenter has 

continued to grow in value for the user community.  The provisioning process of servers tend to 

have the most attention paid to it across the Network Administrators, Web Administrators, and 

mainframe administrators but it is only on a basic level.  The responsibilities must incorporate 

more collaboration as applications and services interlace with the mainframe application 

software more and more.  A recent survey from Enterprise Management Associates backs up the 

idea that virtual machine deployment in the workplace involves substantial participation across 

more than the server team, of which there is not one clearly defined at R.E.M., and that the 

change in infrastructure is a serious oversight and stress across the organization [4]. 

R.E.M. Manufacturing’s server farm and remote sites have been growing over the past 

ten years but the datacenter employee total has remained the same leaving oversight in properly 

managing all nodes and resources.  Out of 6 department members in the I.T. department, there 

are only two network administrators at the headquarters and their responsibilities do not always 

allow them to stay in tune with traditional core responsibilities of a network administrator job 

description.  The network administrators not only administer the infrastructure, they also tackle 

various miscellaneous needs within the organization that spreads them thinner.  Another issue is 

that there is not a Help Desk solution to document or escalate tickets.  The administrators are 
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first responders to basic customer support needs of hundreds of users as well as hundreds of 

network devices spread across six remote sites and a mix of mobile clients.  At the user 

workstation level alone, the network administrators deal with level 1 support issues starting with 

workstation configuration\setup, troubleshooting, print issues, non-warranty hardware repairs, 

application support, and user phone system issues.  The network administrators also deal with 

level 2 help desk issues such as workstation security issues, office application issues, Email 

issues, and 3rd party applications needed in various departments.  Further more, the 

administrators must deploy and maintain network and phone cabling runs, phone system 

administration, printer configuration, maintenance, toner replenishment, hardware/software 

procurement and installation for all locations.    

The roles in the department have to be altered or redefined so that there is more cross-

training and responsibility overlap going on within the department to alleviate day-to-day 

operations and support for the user community especially if the department does not have the 

budget to hire additional employees with special disciplines native to typical IT departments.   

According to a 2011 Computer Economics report, service levels should always be a top priority 

as there are inevitable new waves of technology being introduced down the road [5].  Lastly, user 

training, and any special research requirements that come down from the executive team are 

required of the team. 

The hardware and software limitations typically would have been addressed by an 

organization by doing more research on the VMware Essentials package acquisition and design 

of the virtual network.  The package chosen resulted in three sizeable hardware and software 

drawbacks, one being that it limited the licensing to only three host servers leaving no room for 

growth.  The second repercussion was that the organization had to rely on local storage for the 
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data-stores between the three local hosts leaving a performance bottleneck and single point of 

failure risk balanced only by local space available.   As far as the foundation hardware was 

concerned, the benefits of tying in shared storage were not considered and therefore were an 

unseen limitation.  Shared storage in the form of a (SAN) Storage Area Network would have 

allowed live migrations of data-stores and virtual machines without any repercussions to the 

drive space.  The time consuming migrations of virtual machines during scheduled host 

downtime associated with driver or security patches caused severe disruptions and jockeying of 

virtual disks.  The latency was evident between the gigabit switched networks during these 

transfers.  The third repercussion of the software package was the lack of robust performance 

indicators and monitoring tools available to head off problems within the environment. 

An SLA would have typically been in place between the customer and a primary IT 

consultant to help troubleshoot the issue in a timelier manner.  According to a Cornell University 

IT process repository, SLA, a service level agreement, is a contract between the support provider 

and the customer that describes the requirements and expectations of the customer and the 

commitment of the provider to meet those expectations [3].  The contract would have given 

R.E.M. an agreement that spelled out the level of service that the provider was going to give 

them and an agreed upon time to show up on site to assist with the issue.  It was found that there 

was just block time level service hours purchased for hourly support but with no strings attached.  

There was not a policy that spelled out the procedure, timeline for remediation, or the proper 

contacts at the organization in order to escalate the issue.  This caused hours of 

miscommunication until the agents were able to free up from regular contract work. 
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LITERATURE REVIEW 
 

The current solution is a VMware Essentials 5.5 three-host environment with local 

storage.  It is effective for the consolidation of multiple servers but has proved to not to be the 

automated, high availability solution R.E.M. needs to continue business in a fast paced global 

economy.  The next level of protection in licensed software is needed (storage vMotion) for the 

protection of live migrations of virtual machine disk files across hosts without disruptions [11].   

The backup solution for the current environment utilizes a Veeam Backup & Replication 7.0, 

which incorporates disk-to-disk backup to the current NAS (network attached storage).  The 

software is sufficient at creating the needed recovery files for the company.   However, it lacks 

the speed needed to recover in a sufficient amount of time as well as do the proper backups in the 

window of opportunity during user downtime in the evenings. 

A more detailed review of the current technology to weigh limitations was needed by the 

consultant.  The review revealed that this recent VMware Essentials was a necessary act to gain 

savings with respect to operations, staffing, and existing hardware a few years ago.  Aging 

servers had started to outnumber warrantied hardware and the budget was not conducive to 

replacing them all.  The virtualization of a server is essentially a technical method of creating or 

emulating a non-physical version of the target physical server.  R.E.M. saved money emulating 

the physical servers and consolidating them onto single new hosts while providing a clean 

environment to spawn new servers with the click of the mouse rather than purchasing new 

hardware.  An article from Computer Weekly gives us an example of the benefits of virtualization 

by explaining that a virtualized server can be saved off to a disk image and be treated as an 

application that can be backed up or saved instantly much like saving a document or a file [9].  If 

you want to restore to an earlier point, there is only the matter of clicking the time that you want 
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to roll back to.  This backup feature turned out to cause R.E.M.’s problem.  The snapshot style 

backup consumes disk space at a rapid pace.  R.E.M.’s backup snapshots faulted out and 

exponentially ate up an entire host, which caused a massive operating system halt that was not 

easy to fix.   

The issue is currently being addressed by doing a full restore of a backups resulting in 

data loss of at least 24 hours due to the restore time from the original backup source.  A 

significant amount of money has been spent on consultants to monitor the system post crash.   

The performance of the datacenter has been greatly effected and slowed down due to the usage 

of spare servers to keep the VM’s working.  Money is also being drained on training, test 

environments, and secondary backup sources to get up to speed on.  

 In order to analyze the problem and come up with a feasible solution, key stakeholders 

were assigned roles as project team members tasked with assisting in defining project 

requirements with the project manager to build a project charter.  The following sections reflect 

the agreed upon requirements that were collaborated on.  They took into account best practices 

and cost conscious avenues of execution for the organization.  The project charter deliverable 

details the stakeholders, roles, and communication between the team.  Further information can be 

found in Appendix A. 

Hardware 

As identified in the statement of the problem, the current license and hardware does not 

deliver what the company needs to accomplish a highly available datacenter.  Virtual networks 

rely on storage and the demand grows rapidly in an environment that makes it convenient to spin 

off new servers with the click of a mouse.  The trend in modern day enterprise organizations is 

not only to have to incorporate the largest block of storage for servers, but also the fastest 
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platform for the hosts to grab data from.  Although the elements of size and speed in leading 

storage products seem to change daily there are two agreed upon standards that organizations 

must use when growing their datacenter and that is relying on a storage area network.  One is 

that all disks must employ some version of RAID which is basically a way to incorporate 

multiple small disks in an effort to create redundancy by striping data across the disks which are 

seen as one.  The idea is that, depending on the level of RAID chosen, disk failure can be fixed 

by swapping the failed drive with a new blank one so that a built-in recovery process takes over 

in a rebuild process.  Arrays are the logical units that make up the multiple disks to be seen as 

one unit, and they can be configured in a variety of different ways to increase resilience to 

multiple drive failures or speed.  According to a Dell Equilogic whitepaper, all raid levels 

provide performance and protection for the data, but the application workload and network 

requirements must be weighed before any raid level is put into action.  Different Raid levels have 

dissimilar fault tolerances and speeds based on what is chosen.   For example, in regards to 

protection, if Raid 5 is chosen, you can only have one member drive fail in the array but with 

Raid 6, one can have multiple drive failures and still be able to rebuild your sets once a new 

drive is hot swapped back into the array.  As far as speed and performance of the drive choosing 

Raid 10 instead will give better performance than RAID 6, however you loose capacity when 

choosing this level [2]. 

Reliability is a big factor to consider when choosing a raid level.  Disk arrays are 

vulnerable when rebuilding one failed disk because of the double work that a must be done in the 

system.  Handling the normal I/O operations of the server as well as handling the rebuild 

commands can be very taxing and lead to a failure of a second drive.  Depending on what you 

have chosen, your storage could be dead in the water or able to handle the faults.  Consider the 
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Dell Equilogic reliability scores in Figure 1.  The figure points out that raid 6 is a common 

choice for modern engineers and administrators due to the reliability based on metrics of the 

number of disks, rebuild time, and the likelihood of a second drive failure. 

 

Figure 1 -Raid Reliability Scores, (Dell Storage Engineering, 2014) 
 

The other standard is that a storage area network (SAN) should be used to cluster the 

storage devices that hold the ever-growing accumulation of organizational data providing 

resilience and redundancy to data.  The days of having single servers host storage within 

themselves have gone for most organizations irrespective of size.  Physical server sprawl in the 

datacenter and the lack of resources to watch over the objects initially lead staff efforts down the 

path of separating corporate data from the hosts which was commonly done with a NAS 

Do Not Copy



 10 

(network attached storage).  A NAS is a separate device whose sole purpose is to store data using 

common file transfer protocols such as FTP and SMB.  There is a separate operating system 

involved with managing the device and usually an intuitive but basic GUI interface to administer 

the shared data on the device.  A NAS is an important device for any network administrator or 

engineer from an ease management standpoint but also as a quick fix for large drive capacity.  

The fact that a NAS’s operating system is something that common users cannot abuse or taint 

with malware becomes another important characteristic of separating data from hosts that are 

often unknowingly abused from negligent web surfing. What these first NAS devices did not 

solve for administrators is the speed at which the data can be accessed, or the rules that apply to 

virtual networks seeking disk volumes to mount.  The simple networking protocols used are not 

the fastest form of transmission.  Protocols and speed become important with modern networking 

and object connectivity because they define the rules for network objects to communicate with 

each other and specify how the information is encapsulated in these transmissions.   

A NAS does not become irrelevant in modern enterprise or growing SMB datacenters, 

the device role simply changes.  The need for backup data repositories and offsite replication 

sources are better suited to be delivered to these network attached storage device because of its 

lack of real-time need by the user community. 

A SAN, or storage area network, is similar to a NAS in the sense that it separates the data 

from the hosts accessing it for administrators, but it has inherent differences as pointed out in 

Figure 2.  It is not just an area that data resides on like a file server.  It is actually a series of 

network-attached devices that store data in a cluster.   
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Figure 2 - Storage Topologies, (Popovinciu, 2011) 

 Hosts are able to map to a SAN’s storage environment and the connection is seen as an 

actual mounted drive unbeknownst to the host.  The drive, now securely striped and written 

across one or a series of storage devices or physical enclosures with the use of RAID, now lends 

the SAN the speed, redundancy and security needed to increase the host and its virtual machines 

relying on it.  The physical enclosures that hold the hard-drives are the SAN devices.  They are 

commonly attached with some form of medium to a switch and then to the hosts creating this fast 

network storage solution.  Replacing failed drives is as easy as a live swap of hardware and the 

environment can grow by simply introducing a new enclosure or network attached drive to the 

SAN. 
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Connectivity is a key component of SAN technology and is another element that 

differentiates itself from a NAS.  According to a University of New Hampshire Interoperability 

laboratory document, when it comes to communication between processors and network nodes, 

there are two types of connections and they are networks and channels.  Networks tend to have 

connections that are unpredictable, not very structured, and are slower than channels. Channels, 

in contrast, are  “closed” and “structured” means for transmitting data between a small numbers 

of objects [10].  For the purposes of this research, we focused on the key connectivity component 

found in the majority of deployed SAN environments active in business networks today called 

the Fiber Channel (FC).  As documented in the same Interoperability document, a Fiber Channel 

is a communication protocol that allows a structure called a “fabric” to connect its devices and is 

done so on five layers ranging from a physical layer to high level protocols and how they are 

transported in the connection [10].  Sixteen gigabit per second is the rate at which a FC can 

connect hosts with the actual storage at this moment in time, and given that information one can 

conclude that it provides the high speeds needed to connect virtual hosts to their storage. 

There are two other common networking protocols worth mentioning that have the ability to 

connect to storage networks and they are iSCSI and FCoE.  The networking protocol iSCSI can 

actually run over standard network equipment making it the inexpensive alternative to placing 

FC hardware in the architecture. FCoE or Fiber Channel over Ethernet, is another newer 

protocol, however these alternatives to FC will not be addressed in this research due to the 

unreliability, server processor performance load and speed constraints that shadow it.   

One of the main reasons a virtual environment will benefit from a SAN is that storage will 

always be available without reconfiguring the entire environment.  Added costs may come into 

play down the road with the addition of more storage, but it would be planned for during a 
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scheduled offline maintenance period to avoid high activity business hours and the associated 

costs. 

Another reason a virtual environment thrives in a SAN environment is the associated 

increase of speed of the FC network.  According to a Broadcasting Engineering World journal, 

the storage system is derived of data containers in the form of disks, which are typically hard-

disk drives.  Whether the drives are conventional hard-disk drives or solid-state hard drives, they 

are differentiated by capacity and read/write speed. The access speed depends on how fast the 

drive spins to read or write data and is measured in terms of input/output operations.  Solid-state, 

though expensive, commands the better performance for the reads [7]. 

The need for accessing network storage in a quick and reliable way is not an easy or 

inexpensive task.  R.E.M. Manufacturing was familiar with network storage in its previous 

virtual efforts but it is not upgradable.  The QNAP model 412 (NAS) network attached storage 

was a capable unit for backing up the VMware Essentials hosts because of the NFS protocol 

used.  The speed does not provide the ability to mount disks as actual drives for virtual machines.   

In a conference paper that reported on IP-networked storage protocols, the author, Radkov, 

points out that servers make the shared namespace available to hosts and clients via an RPC 

protocol in a file based storage as opposed to a block level storage of iSCSI or FC.  This means 

that block level storage allows the clients to see the remote storage disks not differently than its 

very own disks.  The network file sharing protocol is fundamentally suitable for sharing data to 

multiple machines [8].   

Given the scope of the project is to remain under the VMware software umbrella, the 

storage must be defined before getting into the software piece of the project.  The basic makeup 

of high-speed storage devices that are a SAN is made up of a storage component, a switch, and 
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an HBA.   A VMware whitepaper explains the associated SAN switches connect various pieces 

together much like an Ethernet switch in a traditional network.  In most cases they connect the 

hosts to the storage arrays that are the actual disks inside of the SAN.  An HBA or a host bus 

adapter must physically be installed and configured in every host server in order to communicate 

over the proper fiber cabling to the switch and from there to the storage processors inside the 

storage array.  Once these connections are made the actual network portion is called the “fabric” 

[11].  The following diagram explains a basic SAN layout in Figure 3. 

 

Figure 3 - SAN Components, (VMware Inc., 2006) 
 
Software 

 A highly available infrastructure was not possible by only addressing the hardware 

components. The following research in software aims to remain under the VMware vendor 

solutions to provide the best return on investment for the organization.  If R.E.M. Manufacturing 

elected to switch gears by choosing a different platform such as one of the other 3 big virtual 

players, it would be too costly and would dilute any background knowledge that was built so far.  
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Microsoft's Hyper-V and Citrix's Xen both provide hypervisor services that permit multiple 

operating systems to run on a host server concurrently.  Evidence of VMware’s strong hold on 

the market when it comes to business deployments is documented with leaders in the tech 

industry such as Gartner INC.  Gartner is a trusted technology research company that provides 

CIO’s and technical business leaders awareness of tech trends to help them make proper business 

decisions.  They hold a technical conference every year in the United States covering trends with 

analysts, guest speakers and presentations.  One of the presenters, Chris Wolf, presented a 

session on virtualization trends that showed VMware as the clear deployment leader amongst the 

clients polled at the conference which he documented in one of Gartner’s blogs that he writes 

for.  In Figure 4, the conference poll shows that the only runner up that is even relatively close is 

Microsoft’s Hyper-V platform. 

 

Figure 4- Poll from Gartner Technical Conference, (Wolf, 2012) 
 

There are three components of software drive VMware’s virtual solution.  VSphere is the 

name of the software package that encompasses the datacenter solution for businesses.  There are 
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different components that work with the software depending on the package or level of software 

purchased.  Elements like the ESXi server (hypervisor), the vSphere client that is downloaded to 

manage the server, and the vCenter server module are just a few examples.  The VCenter server, 

whether installed as a virtual appliance or loaded on a physical windows server, is the controlling 

node that manages the virtual machines and various cloning operations of the underlying VM's. 

R.E.M.'s current environment employees all three vSphere components but was not licensed for 

unlocking other features needed such as vMotion or VMware High Availability. 

VSphere HA is an important add-on piece that can be used as the foundation for the 

highly available environment.  HA pools the virtual machines and the hosts into a cluster where 

the machines are monitored and failover to substitute hosts during a trouble.  When an 

administrator creates the cluster, the HA service has to have a master host to keep in contact with 

the vCenter server.  The mechanism that vCenter uses to monitor the application is built into the 

API of vSphere that communicates with guest operating systems using "heartbeats”. The 

software heartbeats, as detailed in Figure 5, advise vSphere HA how systems are operating by 

measuring whether or not the signal is lost.  If the signal is lost, the system then knows how to 

move ahead and restart the virtual machine. 

VMware vMotion is another add-on that is available to all vSphere application packages 

above the Essentials tier that R.E.M. utilized prior to 2015.  According to a VMware technical 

white paper associated with version 5.0, the add-on allows the live migration or movement of an 

entire virtual machine’s execution state from one host to another regardless of processing or load 

taking place on the server at the moment including the ability to capture and transfer the CPU, 

physical memory state, attached drives and network mappings with complete transparency [13]. 
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Figure 5 - VMware HA Heartbeat, (VMware Inc., 2011) 
 
  

The VMware Standard software package is the cost effective platform that is the best fit 

for the organizations next move.  The VMware Essentials package does not have an upgradable 

path and therefore was just a starter pack into the world of datacenter virtualization.  According 

to a VMware white paper, it is clear that it is a three host only package with no scalability other 

than to the pro edition.  The Essentials package was suitable for a server consolidation package 

and integrated management of the environment [13].  In order to capture the required features for 

R.E.M. Manufacturing to not be limited by the number of hosts and feature scalability, the 

licensing model has to move up to the VMware Standard structure.   According to the same 

VMware whitepaper, Figure 6 details the fact that the vSphere HA, VMotion, High Availability, 
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and scalability will give the necessary tools to grow without being limited to sockets and 

processors for future growth. 

 

Figure 6 -vSphere Feature Comparison, (VMware Inc. 2014) 
 

One other package that needs a closer look and consideration is VMware’s Remote Office and 

Branch package (ROBO).  Geographically distributed and challenged businesses may find that 

virtualization over wide area networks (WAN) tends to be difficult to manage given the 

unreliability for business class data connections to remain constant to business class remote sites.   

There are unique needs for the remote sites and VMware tends to have the answer with 

this class of package.  VMware packages vMotion, High availability, Replication and Storage 

vMotion packages with the setup and sells it by the Virtual Machine number rather than a socket 

processor price.  You get twenty-five Virtual machines that you can spread to any number of 
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remote sites at the price of around $3000.00 US.  This clearly is targeted a virtual environments 

that have to push past the standard datacenter needs in one location [12]. 

 A comparison of the two most feasible options available to R.E.M. Manufacturing came 

down to feature and functionality of the products considered.  Although it is true that VMware’s   

Remote Office (ROBO) option is less expensive, it is not the package that will be able to move 

forward for the business in the future.  While it is true that the option gives the organization the 

flexibility to have as many hosts as possible, the business also has to purchase the licenses by 

volume (twenty-five virtual machines to a license) which at the given price will exceed the costs 

of going for a full featured standard set once other remote branches virtualize their small 

datacenters.  Figure 7 points out the pricing if only considering the original host site of the main 

branch. 

 

Figure 7 - Price Comparison - VMware packages for 1 site, (Messier, 2015) 
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Objectives   
 

The plan is to give R.E.M. Manufacturing a research and feasibility study that will outline the 

infrastructure and steps needed to design and implement a highly available, zero downtime, agile 

datacenter based on a proper migration path using their existing licensing, hardware and 

software.  The desired outcome will also include the project plan, reference material, and the 

documentation needed to keep the staff properly trained for their new 24/7 virtual infrastructures 

Deliverables 

1. A solution based on a research and feasibility study given the current problems with 

existing infrastructure. 

2. Findings documented based on the failure 

3. Options for upgrade path based on a literature review of existing infrastructure and 

articles that backup the project charter and proposal ideas. 

4. A Project Plan for the most ideal option of hardware and software needed for a highly 

available data center written in the form of a Project Charter for presentation to 

executives. 

5. Detailed Network Map of new infrastructure - before and after. 

6. Work Breakdown Structure (WBS) for tasks. 

7. A training session that outlines best practice operations for the R.E.M. I.T. team to 

support their new solution by the consulting firm. 

8. Recommendations for Disaster Recovery Documentation 

Results and Conclusions 
 

The project required extensive research of the existing system to pinpoint why the 

datacenter failed and how it could be mitigated.  In order to come up with a presentable solution 
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in the form of a project charter for the company steering committee to agree upon, key 

stakeholder input was mandatory when analyzing what occurred and why the problem needed 

solving for R.E.M..   The consultant worked with stakeholders to assess R.E.M.’s current 

structure, weigh their requirements, and research upgrade options available to them to come up 

with a solution.  The project charter stands as the document for approval that delineates the roles 

of stakeholders and the project objectives.  The charter outlines the project team’s decision based 

on the researched options for R.E.M. Manufacturing’s upgrade path for the virtual datacenter and 

is located in [Appendix A]. 

 Based on the research, the recommended path documented in the project charter is to 

continue the upgrade utilizing the VMware vSphere Standard platform along with the 

accompanying SAN and associated hardware.  The price comparison, in [Figure 7], points out a 

thin margin in price difference that will allow a better long-term solution while keeping the 

expense below the Project Charter’s $40,000.00 scope statement.  

Infrastructure Network Maps  
 

Based on the recommended solution, it was important to obtain a detailed network map 

of the infrastructure in its current state.  This helped evaluate the effect of the recommended 

changes on remote sites while providing a baseline blueprint of the current setup for the project 

team to consider during requirement studies.  The “before changes” network map [Figure 8], 

would also help the project team plot contingency efforts to mitigate any breakdowns in 

telecommunications during testing and or implementation.  
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Figure 8 - Pre-Implementation - Network Map, (Messier, 2015) 
 

After approval is given for the existing virtual network environment will undergo the 

necessary changes needed to provide the high availability that R.E.M. was looking for, a new 

Visio network map was drawn up [Figure 9] to illustrate the projected outcome of the VMware 

Standard implementation.  This figure details the breakdown of the main headquarters site and 

points out the promotion in software & the physical components of the three virtual hosts.  The 

main server rack will not have to be reconfigured, as the number of open unit spaces will handle 

the additional 6 U spaces.  The NAS will now move out of the main storage container and be 

cabled with dual crossover cat 5e cables directly out of one of the new hosts.  The NAS will 

stand as the backup target and repository for all objects on disk in the SAN.   The hosts will have 

to have scheduled downtime of an hour a piece in order to install the (HBA) host bus adapters to 

hook directly up to the SAN.   The external USB hard drive rotation will still exist as a secondary 

monthly dump of 30 days worth of backup targets and will be rotated appropriately with the 

onsite safe as well as the safety deposit box offsite. 
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Figure 9 - Proposed Changes - Glenndale Site Network Segment, (Messier, 2015) 
 
Training  
 
 FriendlyCo Corporation was chosen to provide contract technical support for the upgrade 

project.  The block time purchased includes a series of training seminars for the staff to prepare 

the department for the new infrastructure.  In order to abide by the IT staff’s tight work schedule, 

given their lean coverage of the current infrastructure, it was determined that the most efficient 

use of time would be to provide three informative two hour seminars that will cover areas of 

concern.  The three sessions will cover the following areas: 

Session 1- vSphere migration techniques / Veeam Backup and Restore - Given the new 

infrastructure and the SAN environment, migration of servers will not take place using the 

standard downtime procedures used in the past.  The live migration of operating virtual machines 
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would now be possible and will be explained during this two-hour seminar.  FriendlyCo 

Corporation will provide assistance for the initial migration of virtual machines to the new 

datastores that reside on the SAN, however the operation will be documented during this session 

by utilizing examples of previous company migrations.  

Session 2 - Setting Thresholds /Alerts & monitoring the system - Setting up an 

environment so that the proper thresholds for processing power and drive space needed are 

realized for critical applications is a must in any environment.  This seminar covers using the 

vSphere client or the vSphere web client to access log files associated with previous system as 

well as forecasting future needs.   The session will cover all aspects of setting the proper warning 

methods for key network administrators. 

Session 3 - Disaster recovery techniques – The clout of the VMware vSphere Standard 

environment will be covered in this session.  vMotion and HA techniques based on prioritization 

of server availability needs will be documented. 

Work Breakdown Structure  
 

The Work Breakdown Structure for the virtual datacenter upgrade aims to provide 

detailed lists of tasks to successfully implement the project for R.E.M. Manufacturing.  The first 

three outline numbers and their subtasks cover the research portion of this project.  Moving 

ahead, outline number three to seven details the tasks and how they should be achieved to 

complete the physical work of the project.  The tasks shall remain in sequence in case the dates 

change due to scope creep or other pressing business issues that take priority in R.E.M. 

Manufacturing’s normal business activities. 
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Figure 10 -WBS 
  

ID Task 
Mode

Task Name Duration Start Finish

1 1 Virtual Datacenter Upgrade 135 days Tue 3/3/15 Sat 9/5/15
2 1.1  Document Current System 5 days Tue 3/3/15 Mon 3/9/15
3 1.1.1  Observe System 1 day Tue 3/3/15 Tue 3/3/15
4 1.1.1.1  Document Hardware 1 day Wed 3/4/15 Wed 3/4/15
5 1.1.1.2  Document Software 1 day Thu 3/5/15 Thu 3/5/15
6 1.1.1.3  Document the Failure 2 days Fri 3/6/15 Mon 3/9/15
7 1.2  Administrative Planning 4 days Tue 3/10/15 Fri 3/13/15
8 1.2.1  Identify Stakeholders 2 days Fri 3/13/15 Sun 3/15/15
9 1.3  Project Management 10 days Mon 4/6/15 Fri 4/17/15
10 1.3.1  Contact Stakeholders 2 days Tue 4/7/15 Wed 4/8/15
11 1.3.2  Write up Communication Plan 2 days Thu 4/9/15 Fri 4/10/15
12 1.3.3  Meet with Stakeholders 1 day Mon 4/13/15 Mon 4/13/15
13 1.3.4  Requirement Gathering 4 days Tue 4/14/15 Fri 4/17/15
14 1.4 Research 13 days Mon 4/6/15 Wed 4/22/15
15 1.4.1  Research SAN 3 days Mon 4/6/15 Wed 4/8/15
16 1.4.2 Map Existing Network 3 days Wed 4/8/15 Fri 4/10/15
17 1.4.3  Research activities based on SMB's 4 days Sat 4/11/15 Wed 4/15/15
18 1.4.4  Research Case Studies & Whitepapers 2 days Wed 4/15/15 Thu 4/16/15
19 1.4.5  Research Best Practices 2 days Thu 4/16/15 Fri 4/17/15
20 1.4.6  Research Vmware Standard & ROBO 4 days Fri 4/17/15 Wed 4/22/15
21 1.5  Document Findings 1 day Wed 4/22/15 Wed 4/22/15
22 1.6 Weigh Options 4 days Thu 4/23/15 Tue 4/28/15
23 1.6.1  Contact Reseller 1 day Fri 4/24/15 Fri 4/24/15
24 1.6.1.1  Find Vmware Vendors 1 day Mon 4/27/15 Mon 4/27/15
25 1.6.1.2  Investigate Vendors 1 day Tue 4/28/15 Tue 4/28/15
26 1.6.1.2.1  Spec. out secondary quotes 1 day Tue 4/28/15 Tue 4/28/15
27 1.6.1.2.2  Research Vendor References 1 day Tue 4/28/15 Tue 4/28/15
28 1.6.1.2.3  Meet with reseller of solutions 1 day Tue 4/28/15 Tue 4/28/15
29 1.6.1.2.4  Acquire Quotes 1 day Tue 4/28/15 Tue 4/28/15
30 1.7  Setup Lab Environment 2 days Fri 5/1/15 Mon 5/4/15
31 1.7.1  Test trial software/hardware 1 day Mon 5/4/15 Mon 5/4/15
32 1.7.2  Monitor and Control 1 day Mon 5/4/15 Mon 5/4/15
34 1.8  Define Hardware and Software 1 day Tue 5/5/15 Tue 5/5/15
37 2  Draft Final Proposal 1 day Wed 5/6/15 Wed 5/6/15
38 2.1  Update Charter 2 days Thu 5/7/15 Fri 5/8/15
39 3 Authorization 2 days Tue 9/1/15 Wed 9/2/15
40 3.1 Charter Signed 2 days Tue 9/1/15 Wed 9/2/15
41 4 Project Planning 2 days Tue 9/1/15 Wed 9/2/15
42 4.1 Meet with Stakeholders 1 day Wed 9/2/15 Wed 9/2/15
43 4.2 Acquire Hardware and Software 1 day Fri 9/4/15 Fri 9/4/15
44 4.3 Kelser Training Session 1 1 day? Mon 9/7/15 Mon 9/7/15
45 5 Receive Equipment 5 days Tue 9/8/15 Mon 9/14/15
46 5.1 Kelser Training Session 2 1 day? Tue 9/15/15 Tue 9/15/15
47 5.2 SAN Installation 2 days Fri 9/18/15 Mon 9/21/15
48 5.3 Host Software Installation 2 days Mon 9/21/15 Tue 9/22/15
49 5.4 Data Migration 1 day? Wed 9/23/15 Wed 9/23/15
50 5.5 Backup and Replication test 1 day? Thu 9/24/15 Thu 9/24/15
51 5.6 Project Management 1 day? Fri 9/25/15 Fri 9/25/15
52 5.7 Kelser Training Session 3 1 day? Mon 9/28/15 Mon 9/28/15
53 6 Go Live 2 days Sat 10/3/15 Mon 10/5/15
54 6.1 Troubleshooting 2 days Mon 10/5/15 Tue 10/6/15
55 7 Project Management 1 day Wed 10/7/15 Wed 10/7/15
56 7.1 Documentation 1 day? Fri 10/9/15 Fri 10/9/15
57 7.2 Close Project 1 day? Thu 10/15/15 Thu 10/15/15

Page 1
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Documentation and Disaster Recovery Recommendations 
 

The R.E.M. Manufacturing Company has a disaster recovery plan in the form of a PDF 

document that covers all of the hardware and software platforms used to conduct business on a 

daily basis and how to restore service based on catastrophes that might occur to the sites that 

make up the organization.  The document acts as a living, breathing document that is updated 

once a year in the first quarter.  The IT staff meets and agrees on the changes that were made 

throughout the year and is usually done just prior to the arrival of auditors.  The team compiles 

what little notes they have of documenting hardware\software changes and open tickets with 

vendors that we have support with and gather network maps to be updated with Microsoft Visio.  

Another exercise done is to populate an encrypted password database documenting any major 

changes in administrative credentials as well as IP address lists associated with the static 

identification of key application servers and other nodes on the subnet.  Lastly, the team 

compiles a list of changed contact information for stakeholders spelled out in the disaster 

scenarios covering plant managers, IT contacts, emergency vendors, HR employees, and the 

executives of the company. 

 The exercise in updating the DRP document occurs to help the staff stay on top of their 

documentation and changes but mainly to comply with an annual mandatory financial statement 

audit.  The audit itself is done by an outside firm hired by the board of directors to look at the IT 

General Controls (ITGCs).   The company performs the audit in accordance with Generally 

Accepted Auditing Standards aimed at calculating and getting a solid understanding of the 

environment in order to identify risks that may affect the accuracy and security of company 

financial systems and data. 
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While this is an important exercise for the IT team to be involved in the documentation 

and change management associated with all core infrastructure changes, the focus of the 

documentation should not be just to appease the auditors.  There are many cases where the 

auditor’s questionnaires that come through do not cover all areas of concern and that does not 

lend themselves to be left out for the organization’s sake.   R.E.M. is not alone in the thin 

documentation that routinely gets gathered based on audits.  It is very common to find that 

tedious documentation associated with gathering system information followed by a thin staff of 

authors.  It is also the case that the lack of roles associated with the coverage of responsibility 

areas easily leads to oversight and often unequal, sparse involvement by all IT employees. 

Other issues that should be addressed are the scenarios documented and their realistic 

likelihood of occurring.  It is easy to map out the plan to recover hardware and software if a site 

goes down but not so easy to remember to associate them with the subcategories of business 

processes often overlooked.  It is recommended that the current DRP document contain more 

contact information and procedures pertinent to non-technical stakeholders that are affected from 

any disruption.   A recent article from the Computer Economics Report explains that a business 

continuity plan is comprehensive programs that must also include ensure essential business 

functions such as contacting customers, suppliers, and vendors.  The alternate work site, or the 

work area recovery process also needs to be better documented with an action plan as well.  The 

author also points out that recovery testing in the form of intermittent exercises should be carried 

out to ensure that all avenues of the plan have some form of “fire drill” [13]. 
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Appendices 
A. Project Charter 
 
Purpose of Project Charter 
 
The purpose of this project charter is to outline the obligations associated with implementing an 

upgrade to the existing virtual datacenter for R.E.M. Manufacturing.  This charter outlines the 

deliverables for the project and stands as a contract between the project manager and The R.E.M. 

Manufacturing Company. 

Business Need 
 
In order to survive, the organization must assure that critical operations can resume normal 

processing within a reasonable timeframe.  The goal of this project is to strengthen the ability of 

the organization to respond to virtual datacenter failures in a practical amount of time to provide 

imperative communication to R.E.M. Manufacturing.  Application servers hosted in the virtual 

datacenter are vital to daily business transactions and downtime must be limited to hours not 

days. 

Benefit 
 

• The uptime of the organizations virtual datacenter will increase by installing a 

storage area network and upgrading out licensing to VMware Standard software 

• The current staff members in charge of the virtual datacenter are familiar with the 

VMware product and have invested time and resources into maintaining it thus far.  

Staying with VMware over another product will benefit the organization by the 

experience and background knowledge we already have in the product. 

• The VMware Standard licensing opens the organization up to other compatible 

software packages and tools for the future. 

• VMware standard reviews are stellar for SMB’s. 
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• The SAN will be upgradable. 

• The environment will be easier to maintain and support 

Objective 
 
The VMware Standard Upgrade project will upgrade R.E.M. Manufacturing’s existing 

standalone hosts from a VMware Essentials environment to a fully licensed VMware Standard 

environment to prevent primary data outage from any key servers and will do so by October 15, 

2015 at a cost of $40,000.00.  

 
Deliverables 
 
Hardware 

• SAN -Storage Area Network 
HP Modular Smart Array 2040 
• Drives 

2.5" SAS 6GB/S Hard drives 
HP Enterprise Mainstream Solid State 
Solid State 2.5" SAS 6GB/S 

• HP SAS external cable 
• HP H221 Host Bus Adapter 

 
Software 

• HP Foundation care 24X7 Service  
Supporting the hardware 
• VMware vCenter Server Standard 
vSphere 5 software license 
• VMware Support and Subscription Production 
Technical Support 1 year 24/7 response 
• VMware vSphere Standard (v.6) 1 processor 1 license 
• VMware Support and Subscription production 

 
Constraints 
 

• The suggested changes in infrastructure will consume current I.T. staff resources  

• The overall project cost is more than the organization generally spends on 

equipment obsolescence or capitol expenses related to upgrades in software/hardware.  
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This limits departmental agility to procure funds for emergency hardware or software 

needs outside of the project.  

• There will be a learning curve related to administering the system. Extended 

hours for salaried stakeholders may lead to fatigue, frustration, and can lead to slowing 

normal day-to-day resources. 

• Possibility of lack of acceptance within the department due to the rapid changes in 

infrastructure in turn negatively effecting department moral and ultimately slowing 

implementation. 

• Access to the building during the implementation may provide an issue if 

clearance is not given to stakeholders during key milestones. 

• Hardware may be damaged and need replacement upon receipt or during install.  

Time will then be needed for replacement via purchased warranty. 

 
 

Assumptions  
 

 The following aspects are assumed to be true without substantiation.  If the suppositions are 

found to be incorrect the proper change request should be addressed and the project charter 

altered respectively. 

• FriendlyCo Corporation and technical stakeholders will provide satisfactory 

support as well as supervision for the duration of the project. 

• The building in Glenndale, California is available for stakeholder access during 

all documented tasks scripted in the schedule. 

• Funds are available for the project based on the requirements documented in the 

project charter. 
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• All assets and hardware received by the organization are held fully functional 

upon receipt and installation. 

• Replacement hardware or software (licenses) is obtainable during the landed 

service level agreement. 

Project Authority: 

Project Manager – The project manager’s obligations are to be answerable to the result of the 

project.  It is the project manager’s job to name fellow team members with roles to oversee and 

assist in the completion of the project. 

Project Sponsor - The project sponsor is responsible for funding the project. 

Project Team - The project team is derived of key members that are responsible for managing, 

collaborating, and executing project tasks according to the work breakdown structure under the 

guidance of the project manager. 

Stakeholders and Communication Matrix 
  

Table 1 displays the stakeholders that are recognized as vital to the successful completion 

of this project.  

 
Name Title/Role Contact Communication Vehicle 

Ryan Messier Sr.Network Administrator/Project 
Manager 

xxx-xxx-xxxx All email 

CannotDisclose@address phone 

Jim Klief Sr.Network Administrator/Project Team xxx-xxx-xxxx Status Report/Quotes email 
CannotDisclose@address phone 

Jeff Andrews Technology Mgr./Project Team xxx-xxx-xxx Status Report/Quotes email 

CannotDisclose@address phone 

Andrew Smith Plant Mgr./Sponsor xxx-xxx-xxxx Status 
Report/Timecard/Change 
Mgt. 

email 

CannotDisclose@address phone 

Bob Camp CIO/Sponsor xxx-xxx-xxx All email 
CannotDisclose@address phone 

Keith Colbert CFO/Sponsor xxx-xxx-xxxx All email 
CannotDisclose@address Phone 

Allen 
Chandler/FriendlyCo 
Corporation 

VMware Consultant xxx-000-xxxx All email  
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Table 1 -Stakeholders 

 

The communication matrix detailed in Table 2 provides the structure for communication during 

the project lifecycle.  

 

Vehicle Target Description Frequency Owner Distribution Internal/ 

Purpose Vehicle External 

Status 
Report 

All 
Stakeholders 

Communicate 
progress of 
the current 
state of the 
project 

Weekly Ryan 
Messier Email Internal 

Change 
Management 
Document 

All 
Stakeholders 

Changes in 
scope Weekly Ryan 

Messier Email Internal 

Quotes Project 
Team 

Price 
comparison Weekly 

Network 
Administr
ators 

Meetings/email Internal 

Timecard 
Approval 
forms 

Hourly 
employees 

Signing for 
Approvals Bi-weekly Managers Mailbox Internal 

Executive 
Approval 
Forms 

Executives Signing for 
Approvals Weekly Executive 

Team Mailbox Internal 

Table 2 - Communication Matrix 
 
High Level Requirements 

The following conditions must be true in order for the project to launch: 

● Resources are available for project specific hardware, software, and consulting. 

●  Key stakeholders have agreed upon project requirements based on the verbiage in 

the project charter.   
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●  The plant\facilities manager is informed of project schedule and needs of the 

project team based on staffing, testing, and implementation. 

● The project charter has been agreed upon and been signed into approval by the 

steering committee.  

High Level Milestones 

Table 3 details the high-level milestones that must be fulfilled by the associated date in order for 

the project to successfully launch. 

MILESTONE DATE 
Documentation of Current System 3/3/15 
Research Completed 4/6/15 
Settle on Solution 4/23/15 

Purchase order cut for initial block hours for FriendlyCo Corporation  5/16/15 

Lab Environment Setup for testing 5/1/15 
Charter Signed/Authorization 9/1/15 
Equipment install in Glenndale 9/18/15 
Testing of system 9/24/15 
Go live date of system 10/3/15 
Close Project & transfer of knowledge from FriendlyCo Corporation 10/15/15 

Table 3 - High Level Milestones 
 
Preliminary Budget 
 
Table 4 details the preliminary budget associated with a successful project implementation. 
 

Hardware& Qty& Cost 
HP!Modular!Smart!Array!2040! 1! $8,405.00!!
HP!Dual!Port!Enterprise@2.5"!SAS!6GB/S!Hard!drives! 8! $5,200.00!!
HP!Enterprise!Mainstream!Solid!State!

6! $9,282.00!!
Solid!State!2.5"!SAS!6GB/S!
HP!SAS!external!cable! 3! $297.00!!
HP!H221!Host!Bus!Adapter! 3! $747.00!!

Software&     
HP!Foundation!care!24X7!Service!!Support! 1! $2,579.00!!
VMware!vCenter!Server!Standard@vSphere!5!software!license! 1! $4,543.00!!
VMware!Support!and!Subscription!Production@Technical!Support!1!year!24/7!response@
vCenter!server!STD!v.5!

1! $1,278.00!!

VMware&Specific&Solution&     
VMware!vSphere!Standard!(v.6)!1!processor!1!license! 5! $4,525.00!!
VMware!Support!and!Subscription!production! 5! $1,595.00!!

Total& $38,451.00!!

Table 4 - Preliminary Budget 
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 R.E.M. Manufacturing has a quarterly budget that allocates funds to be appropriated for 

routine trouble tickets that have to be escalated past their capabilities. Block time support hours 

must be replenished by the beginning of the install, but is not to considered part of the capitol 

expense for the project. We expect a minimum of 10 hours of block time to cushion the support 

needed for consulting with FriendlyCo during the project.  The normal hourly block time rate is 

$120/hour. 
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Approvals  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

______________________________________________________________________________ 
                                                                                                                       R.E.M. Manufacturing 

 
 

______________________________________________________________________________ 
                                                                                                                       R.E.M. Manufacturing 

Do Not Copy



 36 

REFERENCES&
 

 
1. Chen,G. White Paper .The Benefits of Virtualizing Remote and Branch Offices. Sponsored 

by: VMware.2014. Retrieved on March 24,2015 from 
http://www.vmware.com/files/pdf/vSphere/VMware-IDC-Benefits-of-Virtualizing-Remote-
and-Branch-Offices-Whitepaper.pdf 
 

2. Dell Storage Engineering, EqualLogic PS Series Storage Arrays: Choosing a Member RAID 
Policy | TR1020 | v December 2014 

 
3. Haustein, J., Cornell University – Procedure for SLAs and OLAs, retrieved on 3/15/2015 

from: https://confluence.cornell.edu/display/itsmp/Procedure+for+SLAs+and+OLAs 
 
4. Infoblox, Inc. (04/02/2012). Survey Reveals Lack of Communication and Cross-Domain 

Tools Impede Collaboration Needed for VM Deployments. Business Wire (English). 
 
5. Computer Economics Inc. One-Year Rise in Desktop Support Staff Breaks Trend. (2011). 

Computer Economics Report, 33(11), 11. Retrieved on April 16, 15 from: 
http://eds.a.ebscohost.com/eds/pdfviewer/pdfviewer?vid=5&sid=9621f79f-8843-41f3-9f65-
25f66c7865ae%40sessionmgr4002&hid=4110 

 
6. Computer Economics Inc. Practical Framework for Business Continuity Planning. (2014). 

Computer Economics Report, 36(5), 9-15. Retrieved on April 16,15 from: 
http://eds.a.ebscohost.com/eds/pdfviewer/pdfviewer?sid=9621f79f-8843-41f3-9f65-
25f66c7865ae%40sessionmgr4002&vid=8&hid=4110 

 
7. Popovinciu, C., & Khalid, M. (2011). Storage primer. Broadcast Engineering, 53(1), 36. 
 
8. Radkov P, Yin L, Goyal P, Sarkar P, and Shenoy P. 2004. A Performance Comparison of 

NFS and iSCSI for IP-Networked Storage. In Proceedings of the 3rd USENIX Conference on 
File and Storage Technologies (FAST '04). USENIX Association, Berkeley, CA, USA, 101-
114. 

 
9. Tarzey, B. (2014). Backup and Disaster Recovery in the Ate of Virtualization,. Computer 

Weekly, 14. 
 
10. UNH-IOL. University of New Hampshire InterOperability Laboratory. Retrieved from: 

https://www.iol.unh.edu/testing/storage/fc/tutorial on March 19,2015 
 
11. VMware Inc. Technical White Paper VMware, VMware Infrastructure 3,SAN Conceptual 

and Design Basics Oct 3, 2006 
 
12. VMware Inc. VMware vSphere with Operations Management and VMware vSphere 

Licensing, Pricing and Packaging White Paper Retrieved from: 
http://www.vmware.com/files/pdf/vSphere_pricing.pdf on February 5, 2015 at 8:50 PM EST.. 

Do Not Copy



 37 

13. VMware Inc. Business Continuity (Backup & HA) Technical White Paper. What's New in 
VMware vSphere 5.0 Availability R. Jul 12, 2011. Retrieved on March 23,2015 from: 
http://www.vmware.com/files/pdf/techpaper/Whats-New-VMware-vSphere-50-Availability-
Technical-Whitepaper.pdf  
 

14. Wolf, C. Heterogeneous Virtualization Trends at Gartner Data Center. December 11, 2012.  
Retrieved on 3/22/2015 from: http://blogs.gartner.com/chris-wolf/2012/12/11/heterogeneous-
virtualization-trends-at-gartner-data-center/ 

Do Not Copy




