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Abstract 

Wilson Medical Center in Wilson, NC had a major problem with server sprawl.  There 
was at least one server for every product and no central or consistent way to manage anything.  
With a range of OS installs, and hardware ranging from brand new to very old, they were in 
desperate need of a centralized and modernized IT environment.  This server sprawl had caused 
support and maintenance as well as electrical and cooling costs to rise to borderline silly levels.  
This can all be controlled by leveraging new technology including VMware vShpere 5, Dell 
Compellent storage and its “Fluid” data management, and Cisco Unified Computing System 
(UCS) Blade servers centralized hardware configuration and Extended Memory technologies.  
These technologies are all designed to be scalable, making expansion and growth down the road 
easy and cost effective.  By leveraging these technologies to their fullest potential, it is possible 
to fully modernize their environment in one project that will result in an easily managed, more 
stable and modern, cost effective IT environment for many years to come.
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Consolidating and Modernizing an Enterprise IT Environment 

1. Project Description and Intended Use  

1.1 Problem Statement  

One growing problem in today’s IT environment’s, and particularly in healthcare, is what I 

like to call Server Sprawl. Server Sprawl is where an organization has made a serious 

commitment to IT and their infrastructure allowing the department to continue to grow with the 

business; adding new applications, new systems, and new computerized processes in all areas of 

the organization. While this sounds like a good thing on paper, the real problem appears when 

you step back; look at the infrastructure that is in place at the organization, and realize that there 

is not a clear understanding of what half of the equipment does. Perhaps it is a case of poor 

documentation or poor management, but the reality of the situation is that once you hit that point 

you have a problem that can only be described as Server Sprawl. 

 Wilson Medical Center in Wilson, North Carolina is a perfect example of a good, strong 

organization that has a very weak and mismatched IT infrastructure. They have been the 

beneficiaries of a strong budget that has allowed them to peruse many projects and systems that 

smaller, less funded organizations can only dream about. They currently have 3 SAN storage 

arrays that do not communicate with each other, multiple Tape-Library systems that have 

unknown functionality levels, 15 different documented iSCSI storage appliances, at least 20 

servers with various amounts of direct attached storage, and 25 racks full of servers of which 

only about half can currently be identified by current staff. Somewhere along the line, someone 

thought virtualization would be a good idea, and while it is a great idea, it was poorly 

implemented.  The virtualization was so poorly implemented that all the servers  virtualized on 
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that platform were plagued by horrid performance. The configuration was so bad that the only 

thing which could be salvaged for the future benefit of Wilson was the licensing.    

Wilson has also become littered with IT “appliances” that performed various functions 

and were costing quite a bit of money each year to support. Several of them were even 

performing duplicate tasks. This, combined with the general server sprawl, has caused there to be 

almost an equipment overload, which is costing Wilson money every year.  

Overall the single largest problem faced by Wilson Medical Center’s IS department is a 

simple lack of documentation. Beyond one single “Master IP List,” very little is known about the 

server environment. Server names on the aforementioned list are cryptic at best: not to mention 

for most servers there is nothing known about the hardware. While this is the single largest 

problem encountered by Wilson; correction of this problem will also be the single largest benefit 

to the company as a whole.  

As IT budgets across all sectors continue to shrink, it became apparent to Wilson Medical 

Center that supporting their ever sprawling IT infrastructure was going to become extremely 

challenging, if not downright impossible. Therefore, they realized that now is the time to act.  

They needed to fully leverage the advanced technologies that are available to organizations today 

to being to rein in their sever sprawl. There is potential savings approaching the tens of 

thousands of dollars a year in support costs alone that could be saved with the proper application 

of technology. The goal of this project is to fully centralize, consolidate, and standardize the IT 

infrastructure at Wilson Medical Center; in order to provide the advanced medical care the 

residents of Wilson have come to expect into the future, all with the benefit of spending less. 
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1.2 Description of the Solution  

My solution is to centralize, standardize, and simplify the entire IT infrastructure all the 

way back to the core. The goal is to re-architect the entire environment, including the clustering 

of SQL servers, load-balancing Exchange servers, and eliminating of unneeded appliances. All in 

an effort to increase reliability and uptime but still lowering costs. Some of things that were 

leveraged included a Microsoft Enterprise agreement; this allowed access to the latest Microsoft 

products. A new Dell Compellent storage array to centralize datacenter storage was leveraged for 

its tiered storage capabilities; maintaining performance and reliability in the growing virtual 

environment (Dell). Cisco UCS blade and fabric technology was used in combination with 

VMware vSphere 5 virtualization to eliminate the need for continuous hardware purchases. 

Cisco UCS technology was chosen because of the simplified cabling system and extended ram 

technologies (Cisco). VMware was chosen due to its industry leading reliability as well as the IT 

staff’s positive prior experiences with the technology (VMware). These three core pieces laid the 

foundation for a strong, efficient, cost effective, and scalable datacenter environment at Wilson 

Medical Center for many years to come.  

1.3 User Profile  

There were three main user profiles affected by this project. The first is the end user at 

Wilson Medical Center. The end user’s main stake in the project was the simple fact that they 

required all the existing systems to be in place and functional for them to do their job. This was 

obtained by off-hour maintenance as well as some necessary planed coordination with the staff to 

allow for any needed down times. The second was the administration at Wilson Medical Center. 

Their main stake was the ever tightening budget as well as their goal to not over spend on 

unneeded projects or systems. Lastly was the IS support staff at Wilson Medical Center. They 
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have an every growing problem of a shrinking staff and growing work load. Their main stake 

was to have a reliable, easy to manage solution that was also scalable and cost effective.  

2. Design Protocols  

2.1 Overall Project Design  

Over all this was a project that resulted in a more centralized, robust, and stable IT 

environment. By integrating and centralizing the major IT components the overall stability was 

greatly improved.  Utilizing redundancy capabilities built within each system an IT environment 

that can provide the near 100% uptime that a healthcare environment requires was designed. This 

includes leveraging multipath technology for both data and IP traffic, and physical hardware 

redundancy for power supplies, fans, and physical switches. The overall design of this 

environment is detailed below in Figure 1. Project Design Overview 

Figure 1. Project Design Overview 
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2.2 Project Components  

There were three key components to the project that each played an integral role in the 

overall design.  The largest single component of the project was the Cisco UCS Blade Cluster.  

The UCS blades are designed with a single point of management and configuration.  Each blade 

contains dual 10-core Intel Xeon processors with Hyper-threading.  Each blade currently has 

128GB of ram, and is capable of housing 512GB.  These blades are managed from a single 

management console that is housed in the Cisco Fabric Interconnects.  These interconnects are 

fully redundant, and load balance across each other.  The management interface is in an 

active/passive format, and is accessed via a virtual IP.  These interconnects not only provide a 

single point of management, they provide a single point of connectivity for data and IP 

connections.  Each interconnect is connected to the core IP network via 1, 10GB fiber 

connections, and each interconnect has 4, 8GB connections to the SAN.  The blade chassis are 

then connected to the fabric interconnects with 4, 10GB fiber connections to each interconnect. 

 Another major component to this project was the Dell Compellent storage array.  This 

array will provide a single point of storage for the enterprise that will scale and provide a reliable 

environment for the future.  Compellent arrays feature tiered data profiles, and automatically and 

intelligently moves higher priority data from high capacity, low cost, and lower speed SATA 

drives, to lower capacity but higher speed SAS drives.  This allows the array to balance 

performance, and obtain high capacity and high performance at a reasonable price point.  

The last major component of the project was VMware virtualization technology.  While 

some virtualization was in place at the beginning of the project, it was several versions behind, 

and was running off old iSCSI datastores.  After some deliberation, it was decided to completely 

rip out the old virtualization infrastructure, and replace it with all new, all properly configured 
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equipment.  For this project, I decided to go with a physical vCenter server, mostly due to the 

quantity of VM’s being managed, and a locally installed SQL server on that server to maximize 

the performance of vCenter.  

2.3 Design Considerations 

Design considerations for this project included better leveraging of Wilson Medical Center’s 

Enterprise Microsoft agreement, their existing VMware license, and the skills of their existing 

staff.  

3. Deliverables 

For this project, there was fairly lengthy list of deliverables.  Each one was big step toward 

the larger goal of a modern, centralized and standardized datacenter environment.  Many of the 

deliverables were completed; however there were some that did not get completed.  Even those 

that did not get 100% completed had much of the legwork done to allow for an easy transition 

once business conditions allow. 

• Install VMware vCenter 5  
• Configure Cisco UCS Fabric Interconnects, UCS Chassis, and UCS Blades  
• Configure Dell Compellent storage array  
• Virtualize as many physical servers as possible (Limited only by specialty hardware or 
manufacturer limitations)  
• Eliminate existing 15 VMware servers by consolidating their VM’s on the UCS blades, and 
powering off the old hosts  
• Migrate storage from existing SANS and iSCSI arrays to new Compellent array  
• Virtualize MEDITECH (Core Hospital HIS System)  
• Possibly centralize databases  
• Possibly coordinate a backup plan for all system 
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4. Project Planning  

4.1 Project Schedule 

Detailed below in Figure 2 is the overview of my project schedule.  As it is clearly 

obvious, the bulk of time on this project will be devoted to migrating to the new VMware setup. 

Figure 2. Project Schedule Overview 

 

4.2  Project Resources  

Project resources were limited to a few individuals at Wilson Medical Center, and myself.  

I was the point on the project, as well as handled the brunt of the configuration work.  I had some 

resources at my disposal at both Cisco and VMware to answer technical questions, provide best-

practice advice, and verify configurations. 
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4.3 Project Budget  

The budget for this project came from Wilson’s capital project budget, and was approved 

in full.  Do to the importance of this project; there are additional funds available from other 

project savings in case there were unforeseen budget overruns.  A summary is below in Figure 3. 

 
Figure 3. Budget Overview 

Item Cost 
Cisco UCS Equipment $110,000.00 
Dell Compellent Storage 224,000.00 
VMware Software Licensing 0.00 
Microsoft Licensing 0.00 
HP DL360 G7 Server 0.00 
Total $344,000.00 
 

5. Proof of Design 

5.1 Cisco UCS Servers, LAN Connectivity, and SAN Connectivity 

5.1.1 Cisco UCS Server Setup 

For this setup I fully configured 8 Cisco UCS blade servers and their managing Fabric 

interconnects.  Figure 4 below shows a general overview of the Cisco UCS console, and show all 

8 VMware ESXi servers fully registered and operational. 

Figure 4. Cisco UCS Server Overview 
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5.1.2 Cisco UCS LAN Connectivity 

Figure 5 below shows an overview of the LAN connectivity for the UCS interconnects.  

Each uplink port is rated at 10 Gbps, as shown in Figure 6, and each uplink goes to a separate 

core switch allowing for full redundancy on the LAN.  This configuration is duplicated on the 

second fabric interconnect for 4 total LAN uplink ports. 

Figure 5. Cisco UCS LAN Connectivity Overview 

 

 

Figure 6. Cisco UCS LAN Uplink Port Detail 
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Figure 7 below shows the overall network diagram for the Cisco UCS LAN connectivity. 

Figure 7. Cisco UCS LAN Network Diagram 
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5.1.3 Cisco UCS SAN Connectivity 

For SAN connectivity, there are four, 8Gbps connections to each SAN fabric, one set of 

which is shown below in Figure 8.  These SAN uplink ports are connected to Cisco MDS 9148 

SAN switches that allow connectivity for the rest of the SAN environment. 

Figure 8. Cisco UCS SAN Connectivity Overview 

 

The SAN network is setup to allow for full redundancy and multi-pathing on the SAN 

storage side of the UCS configuration and is detailed in Figure 9 below. 

Figure 9. Cisco UCS SAN Network Diagram 
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5.2 Dell Compellent Configuration 

For the configuration of the Dell Compellent storage system, I have created several storage 

volumes and presented then to the VMware servers.  Below in Figure 10 is the Compellent 

configuration page, and the VMware configuration will be demonstrated later. 

Figure 10. Dell Compellent Configuration 

  

 

One of the unique features of the Dell Compellent storage system is the concept of 

Storage Profiles, or Tiers.  This configuration is shown in detail in Figure 11, allows the 

administrator to designate specific volumes as Tier 1, or high priority for better system 

performance. 

Figure 11. Dell Compellent Tiered Data Detail 
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5.3 VMware Configuration 

For the VMware configuration, a physical vCenter server, with internal RAID 10 and 

dedicated Microsoft SQL Server 2008 R2 database to gain maximum performance for the 

VMware environment.  Figure 12 below shows the server configuration, Figure 13 shows the 

SQL Databases, and Figure 14 shows the installed software versions. 

 

 
Figure 12. Server Configuration 

 
Figure 13. VMware Databases 

 

 

 

Figure 14. VMware Software Versions 
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Figure 15 below shows the overall VMware configuration, Including the 8 Cisco UCS 

servers detailed above. 

Figure 15. VMware Configuration Overview 

 

The Dell Compellent storage volumes mentioned earlier are shown as detailed below in 

Figure 16. 

Figure 16. VMware Datastore Detail 
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Each server is configured with 2 virtual HBA’s, one to each physical SAN fabric.  This is 

show below in Figure 17. 

Figure 17. VMware Storage Adaptor Detail 

 

Each server is also configured with 2 virtual NIC’s, allowing for fully redundant network 

connectivity as detailed in Figure 18. 

Figure 18. VMware Network Adaptor Detail 

1 
6. Testing  

Testing for this project consisted mostly of verifying the core components were present and 

stable.  The remaining testing items were to verify some of my deliverables were functioning. 

• Install VMware vCenter 5  
o Log into vCenter Server and verify product level is 5.0, shown in Figure 19.  

 
Figure 19. VMware Product Version in vCenter 

 
 
 
 
 
 

• Configure Cisco UCS Fabric Interconnects, UCS Chassis, and UCS Blades  

                                                 
1 Note:  The third NIC (vmnic2) is used for connecting the UCS blades to the legacy iSCSI network to aid in the 
migration process.  It will be removed at a later date. 
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o Log into UCSM and verify all components are present and functional, shown in 
Figure 20. 

 
Figure 20. UCS Installed Hardware 

 
 

• Configure Dell Compellent storage array  
o Log into array, demonstrate adding, deleting LUN’s, shown is Figure 21,Figure 22, 

and Figure 23
 
Figure 21. Compellent adding a Volume 

 

Figure 22. Compellent Successful Volume 
Creation 
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Figure 23. Compellent Deleting a Volume 

 
 

 
• Virtualize as many physical servers as possible (Limited only by specialty hardware, or 

manufacturer limitations)  
o Compare physical list prior to project, to post project 

  At time of writing, 250 VM’s where in production, compared to 35 at the 
start of the project 

 
• Eliminate existing 15 VMware servers by consolidating their VM’s on the UCS blades, and 

powering off the old hosts  
o When logged into vCenter, identify # of hosts present is < 15, shown in Figure 24 

 
Figure 24. VMware Hosts 

 
 

 
• Migrate storage from existing SANS and iSCSI arrays to new Compellent array  

o Log into Compellent storage array and show migrated data  
 At time of writing, 25TB of data has been migrated or created on the Dell 

Compellent Array 
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• Virtualize MEDITECH (Core Hospital HIS System)   
o Log into vCenter, and show MEDITECH servers, shown in Figure 25 

 
Figure 25. Virtualized MEDITECH Servers 

 
 

• Possibly centralize databases  
o Log into SQL Management Studio and show databases that have been migrated  

 At time of writing, 16 databases have already been centralized 
 
• Possibly coordinate a backup plan for all systems  

o Show backup software in action, or show console 
 At time of writing, no product or solution had been chosen 

 
7. Conclusion and Recommendations 

Overall this project was designed to simplify, centralized and modernize an IT environment 

suffering from server sprawl.  By centralizing the management of server hardware, centralizing 

storage, and simplifying the deployment process for new servers, this project greatly helped the 

IT infrastructure at Wilson Medical Center.  This project was successful so far and will continue 

to help as the technology continues to be leveraged more and more. 
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