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Program Request 
The Center for Extreme Data Management, Analysis and Visualization  

(College of Engineering and Scientific Computing and Imaging (SCI) Institute) 
Data Center Engineering Certificate 

04/11/2013 
Section I: Request 

The Center for Extreme Data Management, Analysis and Visualization (CEDMAV) respectfully requests 
permission to establish an Undergraduate Data Center Engineering Certificate. This certificate would 
prepare students to deal with the specific needs and challenges of the complex environments of modern 
data centers in government, industry, and academia. In particular, the program will provide the students 
with skills associated with facility planning, decision making supporting operations management, 
infrastructure design, and resource management for (large scale) data centers. 

We seek approval to enable students to earn a certificate by taking 27 credit hours involving areas such as 
Computer Science, Electrical Engineering, and Mechanical Engineering. Students will choose two classes 
from each area plus management and capstone class on best practices in data center operations (new 
class). This program is designed to provide students with the broad foundational preparation needed for 
managing operations in modern data centers. This interdisciplinary combination of classes addresses the 
specific needs of this industry sector for a skilled workforce with knowledge in power and thermal 
engineering, computer science, general management, and best practices for managing large scale 
facilities. 

We expect a diverse student population. Some students, possibly already working in the industry, will be 
allowed to go through the certificate program at a moderate pace by taking two classes per semester as 
described in the schedule in appendix A. Other students may take this certificate as a short intensive 
program and complete the coursework within a year by taking four classes per semester. Overall, the 
students will be required to take 27 hours of total credit to complete the certificate. 

The selection of classes outlined in this certificate proposal has been developed with multiple rounds of 
intense consultation with faculty of the departments involved. In particular, once we identified this gap in our 
curriculum, the faculties in each department have been consulted to recommend which classes would best 
fulfill the combined needs of this interdisciplinary program. During the process, we also relied on the direct 
involvement of each department chair to guarantee proper coordination and each curriculum committee to 
validate the sound academic structure of the certificate. The proposal is being submitted after having 
received positive feedback from all the parties involved, as also indicated by the attached letters of 
endorsement from the Director of the School of Computing Al Davis, the Chair of the ECE Department 
Gianluca Lazzi, the Chair of the Mechanical Engineering Department Tim Ameel, and the Director of 
Information Systems Programs Bradden Blair. 

The overall certificate will be coordinated by Valerio Pascucci and Greg Jones. They will focus on 
maintaining proper coordination among the departments and be available to students for general advice on 
the program. They will also work at maintaining effective engagement and support from industry partners 



and develop opportunities for site visits to state of the art facilities, internships for hands-on experience, and 
guest lecturers especially in the capstone class. Given the heterogeneous structure of the program, we 
have also identified a coordinator in each department to advice students in a specific area. The 
coordinators currently identified are Jeff Philips for the School of Computing, Tim Ameel for the ME 
Department, Faisal Khan for the ECE Department and Bradden Blair for the Information Systems 
Programs. 

Section II: Need 

The University of Utah is poised to become a world leader in research and education for training Data 
Center Engineers and, in general, for dealing with the Big Data challenges of the future. Dealing with 
massive amounts of data is emerging as one of the main challenges in information technology. With both 
the amount of data and uses of the data expected to grow dramatically, this challenge and the needed 
workforce to address it will continue to grow at a significant rate. The data growth challenge has led most 
industries to create data center facilities where large amounts of data are collected and processed with a 
variety of demands in terms of reliability, efficiency and flexibility. This trend has created a new demand for 
a skilled workforce with a profile that has not been addressed by the traditional structure of university 
curricula. In particular, people need the skills to deal with the special challenge of highly concentrated 
computing and networking infrastructure where one cannot separate the problems of achieving power 
efficiency, processing data with high performance computing resources, and managing the heat output all 
within an environment with little to no downtime no matter the outside environment. While the creation of 
new data center facilities constitutes a growing global trend, it is particularly accentuated in the state of 
Utah, which has proven to be an ideal ground for developing such large-scale facilities on a basis of energy 
efficiency principles.  

In this effort, students will be trained in project management, which will add value to the Data Center 
community, and lead to new innovations and ventures in Utah. Our vision is that these students will be 
enriched with the know-how to manage, entrepreneur, and innovate data center operations, especially in 
their need to adopt green technologies and achieve sustainable operations. Overall they will also derive an 
enhanced skillset, by which they will meet a growing need of skilled Data Center Engineers. This certificate 
will fill the lack of programs offered in the intermountain region, which we are ready to accommodate. 
Currently, there are no programs offered through Intermountain universities. 

Letters of Support in Appendix B 

Section III: Institutional Impact 

It is expected this new certificate will essentially use classes that already exist. However, we will create one 
class that will train students in the current best practices used in running large-scale data centers: Current 
Data Center Operational Practices. This course will be the capstone to the program. The other courses, 
outlined below, are very suitable for this program and no new facilities or modifications will be needed. With 
a projected enrollment of 30 students, when the certificate program reaches its maturity, we do not expect a 
need for additional faculty commitment. 



Students will experience the meshing of mechanical, electrical and computer engineering work in the early 
semesters of the certificate. This will allow them to develop the solid interdisciplinary training needed to 
work in a facility with large amounts of storage and high performance computing capabilities, which 
requires dealing efficiently with the power and the thermal challenges involved. The certificate will end with 
an immersion in the managerial dimension of the skillset required in running a large-scale data center 
facility and its personnel. As has been the case from the inception of this certificate, during the execution of 
this program we will continue to maintain direct involvement from industry and government partners both in 
terms of presentations in our classes as well as in organizing a series of internships where the students will 
be able to have additional hands-on experience on the field while developing the interactions that can lead 
to employment opportunities. 

Following the course outline, participating students will continue to connect with other students and 
professionals in this field, which will require students to develop individually and in small groups, 
understand and identify engineering knowledge leading them to a thorough understanding of the principles 
of large-scale data center management. 

In addition to the capstone course, the program requires students to develop and deliver skills in the 
Computer Science, Electrical Engineering, Mechanical Engineering and Management fields. These are 
courses designed to promote this new knowledge at the proper beginning level needed for this certificate. 

Section IV: Finances 

It is projected that there will not be any significant increase in administrative load (recruiting, admissions, 
orientation, advising, and career management) for the department and any eventual cost will be offset by 
the increase to overall enrollment with time.  

We anticipate that the students will be primarily undergraduates that will pay full tuition for the courses, and 
include any differentials with accompanying usual and customary fees. The departments and colleges will 
actively pursue external funding for scholarships/assistantships. Our intent for this is to increase enrollment 
by 30 undergraduate students enrolled within the first 5 years.  
 



Section V:  Program Curriculum 

All Program Courses (with New Courses in Bold)  

Data Center Engineering Certificate 

The central component of the Data Center Engineering program is a certificate that involves 8 classes in 
Computer Science, Electrical Engineering, Mechanical Engineering, and Management (two in each area). 
These classes are organized as follows: 

• General requirements (6 credits): 
o OIS 5670 – Managing Service Operations (3 credits): 

 3 credits 

Service companies constitute the largest and fastest-growing segment 
of the economies of the United States and many other countries.  To 
successfully compete in this emerging service economy, it is critical for 
business managers to understand the managerial issues and problems 
unique to designing, producing, marketing and delivering services.  This 
course aims to develop a better understanding of best practices in the 
service sector through analysis of leading-edge firms and the strategies 
they have employed to create and maintain competitive advantage.  
Topics include the design and delivery of breakthrough services, 
managing the service encounter, and the role of technology, in particular 
information technology, in changing the nature of the service delivered 
and/or the way in which the service is delivered.  The course relies on 
the analysis of a number of case studies, and includes a project where 
the principles developed in the course are applied to a real service 
organization 

o CS 5030 – Data Center Operational Practices (3 credits): 
 3 credits  

This course will focus on the evolving design elements and the latest 
operational practices employed in modern, large-scale data centers for 
efficient management of electric power, computational and data load, 
and cooling. The course will include both seminars by professionals 
from design firms and local data centers and reports by students who 
have completed internships at these facilities.  We will also tour several 
local data centers during the term and expose students to the latest 
green technologies adopted in Utah data centers. Enrollment is limited 
to those enrolled in the Data Center Engineering program with either 
senior or masters student standing. 

• Two classes in Mechanical Engineering (Thermal Systems and Design) (7 credits):  
o ME EN 3650 Heat Transfer for non-majors (prerequisites waved) 



 Credits 4   

Basic mechanisms of heat transfer, law of conservation of energy, 
conduction, convection, radiation, heat transfer with change of phase, 
heat exchangers. 

o One class chosen among the following three: 
 ME EN 5800 Sustainable Energy Engineering: 

• Credits 3 

Engineering of energy collection and production systems that satisfy 
long-term energy needs while minimizing damage to the earth's 
ecosystem. Conversion of chemical and nuclear fuels to produce work 
or electrical energy. Solar, wind, biomass, geothermal, co-generation 
and direct energy conversion. Conservation, seasonal underground 
energy storage, and hydrogen production technologies. 

 ME EN 5810 Thermal System Design: 
• Credits 3 

Design of steam-power plants, feed-water heater systems, pumping 
systems, compressor blades, turbine blades, and heat exchangers. 
Equation fitting and economic analysis as basis of design decisions. 
Optimization of thermal systems using Lagrange multipliers, search 
methods, dynamic programming, geometric programming, and linear 
programming. Probabilistic approaches to design. 

 ME EN 5820 Thermal Environmental Engineering: 
• Credits 3 

Principles of design of systems for heating and cooling of buildings. Heat-
load calculations, psychometrics, thermodynamic systems, and solar-
energy concepts.  

• Two classes in Computer Science (8 credits): 
o CS 3810 - Computer Organization: 

 Credit hours 4 

An in-depth study of computer architecture and design, including topics 
such as RISC and CISC instruction set architectures, CPU 
organizations, pipelining, memory systems, input/output, and parallel 
machines.  Emphasis is placed on performance measures and 
compilation issues 

o CS 4400 - Computer Systems: 
 Credit hours 4 



Introduction to computer systems from a programmer's point of view.  
Machine level representations of programs, optimizing program 
performance, memory hierarchy, linking, exceptional control flow, 
measuring program performance, virtual memory, concurrent 
programming with threads, network programming 

• Two classes in Electrical and Computer Engineering for Power Engineering   
(6 credits): 

o ECE 2210  Electrical and Computer Engineering for Non-majors: 
 3 credits 

Fundamentals of electrical and computer engineering topics for non-
electrical and computer engineers. Covers fundamentals of dc and ac 
circuit theory, active semiconductor devices (diodes, transistors, 
amplifiers), 60 Hz-power circuits and equipment (2 and 3 phase circuits, 
transformers, motors), transducers and actuators, safety 
considerations. 

o ECE 3600  Introduction to Electric Power Engineering: 
 3 credits 

Introduction to AC power generation, distribution, and use. Topics will 
include single-phase and 3-phase power, power factors and corrections, 
transformers, power distribution and the grid, generation plants, and 
some wiring and AC motors 

  



Course Prefix and Number Title Credit Hours 

Required Courses   

ECE 2210   Electrical and Computer Engineering for Non-
majors 3 credits 

ECE 3600   Introduction to Electric Power Engineering 3 credits 

ME EN 3650 Heat Transfer for non-majors 4 credits 

CS 3810 Computer Organization 4 credits 

CS 4400 Computer Systems 4 credits 

ME EN 5800 Sustainable Energy Engineering  

ME EN 5810 Thermal System Design 3 credits 

ME EN 5820 Thermal Environmental Engineering  

OIS 5670  Managing Service Operations 3 credits 

CS 5030 Data Center Operational Practices  
(new class defined by Steve Corbato) 3 credits 

Sub-Total 27 credits 

Elective Courses   

   

Sub-Total  

Track/Options (if applicable)   

Sub-Total  

Total Number of Credits 27 credits 

 

 

 



Section VI:  Program Offering 

The proposed Data Center Engineering program will be offered with two main mechanisms: 

(1) as a certificate combined with an undergraduate degree offered by one of the three core 
departments or 

(2) as a standalone certificate offered via continuing education and certified for completion directly 
by the college of engineering.    

The first option targets students that want to pursue a traditional degree while achieving the interdisciplinary 
preparation provided the certificate. In this option the certificate will be offered by designing a special 
version of the undergraduate programs in the following four degrees: Computer Engineering, Electrical 
Engineering, Mechanical Engineering, and Computer Science. For each of these degrees, we have 
developed a structure that uses most of the technical electives to complete the Data Center Engineering 
Certificate while satisfying all the requirements of the core undergraduate programs. In this way the 
students can be awarded a regular undergraduate degree with the addition of the certificate in data center 
engineering. In appendix A, we attach the four advising sheets that implement this structure and that have 
been approved by the relative departments. 

The second option targets students that need to broaden their existing preparation and experience by 
pursuing the eight classes of the certificate but that do not need a full degree (e.g. they may already have a 
BS in computer science). These are students will not be matriculated at the University but will be allowed to 
register to the classes via the continuing education program (the procedure for cross listing the classes with 
continuing education will start upon approval of this proposal). CEDMAV and the college of engineering will 
manage directly this direct admission of the students to the certificate and track their progress. Upon 
successful completion of all the classes a certificate of completion will be issued to the students cosigned 
by the director of the program and the dean of the college of engineering. Appendix A also reports a 
possible plan for students taking the stand-alone option of the certificate.  

 

 



Appendix A: Advising Forms 

 

 



  



 

 

 

 



  



  



 

– Data Center Engineering Certificate –  
Stand-Alone Program 

Year 1: Fall Semester 

ECE 2210       Electrical and Computer Eng. for Non-majors 3   

CS 3810          Computer Organization 4   

Year 1: Spring Semester 

ME EN 3650 Heat Transfer 4   

ECE 3600   Introduction to Electric Power Engineering 3   

Year 2: Fall Semester 

CS 4400 Computer Systems 4   

ME EN 5800 Sustainable Energy Eng. or  
ME EN 5810 Thermal System Design or  
ME EN 5820 Thermal Environmental Eng. 

3   

Year 2: Spring Semester 

CS 5030 Data Center Operations 3   

OIS 5670 Managing Service Operations 3   



Appendix B:  Letters of Support 
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