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REVISION HISTORY

Date Version | Author Description

2 June 2016 1.0 Dean Initial draft.

26 June 2017 1.1 Goodpasture | Updated calendar, corrected minor date changes,
fixed formatting on syllabus.

11 June 2017 1.2 Goodpasture | Updated classroom for 2017

17 July 2017 1.3 Goodpasture | Updated TBD speakers

14 August 2017 1.4 Goodpasture | Updated typos and removed content that is no
longer applies

25 August 2017 1.5 Goodpasture | Added 11/21 Industry Speaker

06 September 2017 1.6 Goodpasture | Adjusted dates for lectures on Infrastructure and
Cooling
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ECE 463 Fall 2017 Class Calendar:

August 2017
[ sun | Mon Tue Wed Thu Fri Sat

1 2 3 4 5
6 7 8 9 10 11 12
13 14 15 16 17 18 19
20 21 22 23 24 25 26
CLASSES BEGIN INTRODUCTION TO THE
COURSE
{-Mark Dean, Fisher
IDistinguished Professar, UTK
--Jim Serafin. Computational
IFacilities Complex Manager,
(ORNL
27 28 29 30 31
DATA GENTER DATA CENTER
STRATEGIES STRATEGIES
--Stephen McNally, |--Stephen McNally,
Operations Manager for (Operations Manager for
Center for Computational (Center for Computational
Sciences, ORNL ISciences, ORNL (1/2 class)
Review sample RFP and
icontent
ICutoff for ORNL Tour Signups

September 2017

3 4 5 6 T 8 9
PROJECT MANAGEMENT ENERGY EFFICIENCY-
Kathlyn Boudwin, Project Mechamt;al and Electrical
Management Director, Darren Na!:f:n;;C
Exaseale Computing Froject, Complex Engineer, ORNL
—-Dawid Grant, HFC
-Justin Whitt, Project Dirscior| Mechanical Enginesr, ORNL
for Oak Ridge Leadership
Computing Facility, ORNL
10 11 12 13 14 15 16
COOLING COOLING
—-David Grant, HFC —-Dawid Grant, HFC
Mechanical Engineer, ORNL Mechanical Enginesr, ORNL
17 18 19 20 21 22 23
INFRASTRUCTURE! INFRASTRUCTURE!
SPACE SPACE
- Jim Rogers, Dirsctor for - Jim Rogers, Dirsctor for
Computing and Faciliies, Computing and Facilifies,
ORNL ORNL
24 25 26 27 28 29 30
POWER POWER
--Rick Griffin, Elecirical --Rick Griffin, Electrical
Enginser, ORNL Enginser, ORNL
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October 2017

Mon Tue Wed Thu Fri | ____sat |
1 2 3 4 5 6 7
POWER
--Rick Griffin, Electrical
Enginesr. ORNL FALL BREAK FALL BREAK
8 9 10 11 12 13 14
OPTIONAL INDUSTRIAL CONTROLS
DATACENTER TOUR AT --Saeed Ghezawi, Senior
ORNL SCADA Systems Engineer,
—-Jim Rogers ORNL
-David Grant
--Rick Griffin
-Stephen McNally
--Jim Serafin
--Bart Hammoniree
15 16 17 18 19 20 21
INDUSTRIAL CONTROLS
--Saeed Ghezawi, Senior
: ENGINEERING DAY
SCADA Systems Engineer,
ORNL
22 23 24 25 26 27 28
NETWORKING FOR A DATA NETWORKING FOR A DATA
CENTER CENTER
- Brett Ellis, Group Leader -- Brett Ellis, Group Leader
for Data Center Operations, for Data Center Operafions,
ORNL ORNL
29 30 31
COMMISSIONING A DATA
CENTER
-- Jim Rogers, Director for
Computing and Facilities,
ORNL

November 2017

____Sun | Mon | Tue | Wed | __Thu ' ___Fi____| __ Sat____|
1 2 3 4

MANAGEMENT DURING
CONSTRUCTION OF A
DATA CENTER
- Bart Hammontree,
Technical Project Manager,
CRNL
5 6 9 10 11
DATA CENTER FACILITY COMPUTING
OPERATIONS CONFIGURATION
-_Jim Serafin, Computational MANAGEMENT (DCIM)
Faciliiess Complex Manager, OCR, Disaster Recovery,
ORNL And Open Source DCIM
Software Tool
- Scott Milliken, Computer
Facility Manager, ORNL
12 13 14 15 16 17 18
SOFTWARE ENVIRONMENT CLOUD COMPUTING
- Gary Rogers, HFC - Kris Torgerson, Depuly
Cperations for Joint Institute CI, Cak Ridge National
of Computational Sciences Laborafory
19 20 21 22 23 24 25
INDUSTRY GUEST
SPEAKER THANKSGIVING HOLIDAY | THANKSGIVING HOLIDAY
Drew Frederick, VP of Cloud
& [nfrastructure Senvices,
Scripps Networks
26 27 28 29
INDUSTRY GUEST FINAL PROJECT Q&A
SPEAKER
Lee Kestler, Principal,
Kopend Ventures, LLC
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December 2017

____Sun | ___Mon | Tue Wed Thu Fri Sat
1 2
3 4 5 53 7 8 3
RFP resounses Due

10 1 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28 29 30

31

Fall 2017 Semester
Classes Begin .......cccevvvvveieinininise e WedNesday ........ccooevveieinineeesiseneseeeins August 23
Labor DAY .....ccoevieieieinieese e MONAAY ..o September 4
1st Session ENds .......ccoovvvveieiiiccics Friday ...oooooeeeiiieeeeeeee e October 13
Fall Break .......cccocovviieieccecc e, Thursday-Friday .......ccccoeeviiiiviiiiicecee October 5-6
2nd Session Begins ........cccocevveeeveveciiieccie e, MONAY ....cooveiiiee October 16
Thanksgiving ......ccccceeveiiciiciiceccce e, Thursday-Friday ........ccccoevveviiiiiiicinnnn, November 23-24
Classes ENd .......ccccovvveveieieee e TUESHAY .vvovveiecieece e December 5
SUAY DAY ..o WeEdNESAAY .......coovvrverieieieiisieies e December 6
EXAMS wovvvieeiiiiieee e Thursday - Thursday .........cc.cceeevenene December 7, 8, 11, 12, 13, 14
Graduate HOOdING .......oovevverieiiiniie e THhUISAAY ..o December 14
COmMMENCEMENL ..o Friday .....cocoooeveieinene e, December 15
Official Graduation Date .............cccccvvevreeernne. SAtUrday ..o.coevveeee e December 16
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Class Description (ECE 463)

ECE 463 - Introduction to Datacenters - is required to complete the Datacenter Technology and
Management minor. This is a senior-level course focused on developing multi-disciplinary
insights into datacenter technology. The primary objective of this course is to deliver broad
awareness of datacenter requirements, design and management technologies and methodologies.
This includes: reliability, security, network systems, storage systems, industrial design, systems
management, operating environments, application environments/management, operations,
logistics and energy efficiencies. The program is not expected to deliver deep knowledge in a
specific area, but give a student sufficient basic insight on datacenter operational characteristics
and requirements. Engineering disciplines which can take this course include EE, CpE, CS, ME
and IE.

Learning Outcomes

Students will be presented with a broad overview of datacenter technology and the interactions
and interdependencies of datacenter components (facilities, cooling, power, management,
computers, networks, OSes, applications, security, safety, etc.). Students will gain knowledge in
datacenter infrastructure, operations and management best practices.

Tour of the ORNL Data Center (optional) — Oct. 10

As an optional part of this course, students will have the opportunity to visit Oak Ridge National
Laboratory and tour of several data centers, including the OLCF data center, home of Titan.
Students will be given a customized tour that most visitors do not receive. This tour will include
a walk-through of ~50ksf of data centers and their supporting power and cooling distribution
systems.

If interested, students should send an email to goodpasture@ornl.gov and cc Dr. Dean no later
than August 31. For those who wish to participate will then receive an invitation from ORNL to
visit. The student will need to go into the visit request and enter in their personal information.
For U.S. Citizens, this information will need to be received by Sept 25. For foreign national
students, information will need to be received by Sept 05.

Although this is optional, it is strongly suggested that student participate in the ORNL tour
given it will include a tour of a datacenter that is like the one described in the RFP

Prerequisites by Course

COSC 130: Computer Organization or equivalent background knowledge

Introduction to Data Centers — ECE 463 Page | 5
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Topics that are Covered (ECE 463)

Note: This is a topical list, not a syllabus. See the syllabus for the specific semester to view the

timing of the various topics.

Introduction to Course (1) Serafin/Dean
* What to expect from this course
* What is a Data Center
- Data Center Strategy (2) McNally
+ Datacenter Strategy overview
*  Models (Cost and Operations)
- Project Management (1) Boudwin/Whitt

» General Topics — What is a Project and
what is project management

* Project Life Cycle
* Organizational Influences
* Planning Process

- Infrastructure/Space (2) Rogers
* Infrastructure/Space
+  Security and integration
* Managing the space

- Energy Efficiency for Mechanical and
Electrical Systems (1) Grant/Norris

*  Measures of efficiency

» Technologies (Inherent Efficiencies)

* Heat Recovery/Reuse

* Air Flow Management

» Case Studies/ White Papers
- Cooling (2) Grant

* Fundamentals

» Technologies

» Design

» Efficiency Metrics

»  Operations

* Future Direction

Introduction to Data Centers — ECE 463

- Power (3) Griffin
* Power Systems
* Metering, SCADA, EEM systems
* Load Factors, capacity, ...
+ Efficiency and sustainability
* Reliability, Safety, Standards,
- Industrial Controls (2) Ghezawi

» SCADA Overview, Brands/Types of
SCADA

+  System Hardware (Metering,
Networking, Communications, Security

- Data Center Network (2) Ellis —
e History of Data Center Networks
e Considerations:

o Virtualization

o Physical Security

o Cyber Security

o Bandwidth

o Software-Defined Networking
o Converged Infrastructure
e Planning
o Rack Types
o Cable Types
o Airflow
o Design
=  Top of Rack
= End of Row
= Mixed Environment

- Commissioning a Data Center (1) Rogers

e Electrical distribution for data center
facilities
o Sources of power, with a focus
on the TVA transmission
system
o Industrial energy rates, and
components of national charge
models (demand, energy, and
blended models)
e Facility commissioning
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o The role of commissioning
agents

o Acceptance testing of facility
improvements

o Functional testing of facility
capabilities, including current
injection testing, simulated
loads

e Environmental conditions in data
centers

o The impact of corrosive gases
on electronic components and
systems

o Monitoring and detection

o Requiring corrosive-resistant
materials in your supply chain

e  System commissioning

o Using robust hardware,
functionality, performance, and
stability tests to ensure
successful transition to
operation

o Case studies of large HPC
system failures

- Management During the Construction of a
Data Center (1) Hammontree

Defining Project Requirements
Procurement Approach
Design
Submittal Review
Pre-construction Planning
Construction/Installation
Turnover to operations
o Safety
- Software Environment (1) Gary Rogers (JICS)

e Allocation,

e software environment management,

e virtualization,

e maintenance from a software standpoint
- Cloud Computing (1) -Torgerson

e ADD

Introduction to Data Centers — ECE 463

-Data Center Facility Operations (1) Serafin

e Facility Operations

o What are the essential elements
of Facility Operations and why
is it important?

e Data Center Reliability

o How does facility operations
affect reliability? What if |
cannot afford “N+1” design
requirements?

e What is Total Cost of Ownership?

o How do I contribute to the
bottom line?

o programmers, system
administrators, engineers,
managers

o Tradeoffs between investing in
computing performance versus
redundancy?

- Computing Configuration Management —
DCIM (1) Milliken

e OCR, Disaster Recovery,
e Open Source DCIM Software Tool
- Industry Guest Speakers (2)

Page | 7



pm

Scheduled Meeting Times
Type Time

Days Where

525

Date Range
Type

Class 2:10 pm—3:25 TR Min Kao Engineering 24-Aug-2017 — 05-Dec- Lecture

2017

Schedule

Instructors

Mark Edward Dean (P)

Total number of classes — 27
Final Project due Dec. 7

Syllabus

Lectures | Date | Topic Materials/Assignments Misc.
1 Introduction to Course, Review class project: Request |Jim Serafin and Mark Dean
Expectations (grading, for Proposal — Design a Data
attendance, etc.), TA Center Project
Experiences
2 Data Center Strategies Pre-reading: N/A INVITED SPEAKER:
Homework: N/A Stephen McNally,
Operations Manager for
Center for Computational
Sciences, ORNL
3 Data Center Strategies INVITED SPEAKER:
Pre-reading: N/A Stephen McNally,
Operations Manager for
Review class project: Request | Center for Computational
for Proposal — Design a Data Sciences, ORNL
Center Project
Homework: N/A
4 Project Management INVITED SPEAKER:
Pre-reading: PM glossary Kathlyn Boudwin, Project
. Management Director for
Hom\?vvéosrlfs.tructure, Org chart Exascale Computing, ORNL
iAM (Respon5|b_| lity Justin Whitt, Project
ssignment Matrix) . :
- Risk Register Director for Oak Rlplge
Leadership Computing
Facility, ORNL
5 Energy Efficiency: INVITED SPEAKER:
- Measures of Efficiency | Pre-reading: David Grant, HPC
- Mechanical Systems Mechanical Engineer, ORNL
- Electrical Systems Homework: Discuss in class
Darren Norris,
Computational Complex
Facilities Engineer, ORNL

Introduction to Data Centers — ECE 463
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Lectures | Date | Topic

Materials/Assignments

Misc.

6 Cooling

Fundamentals
Technologies

Pre-reading: 2.6,
10.1-10.2.9, and 10.4-10.7
from the textbook

Homework: Project prep
cooling system & other
mechanical systems

INVITED SPEAKER:
David Grant, HPC
Mechanical Engineer, ORNL

7 Cooling

Future Direction

Pre-reading: 10.3 from the
textbook

Homework: Discuss in class

INVITED SPEAKER:
David Grant, HPC
Mechanical Engineer, ORNL

8 Infrastructure/Space INVITED SPEAKER:
Pre-reading: N/A Jim Rogers, Director for
Homework: Discuss in class | Computing and Facilities,
ORNL
9 Infrastructure/Space INVITED SPEAKER:
Pre-reading: N/A Jim Rogers, Director for
Homework: Discuss in class | Computing and Facilities,
ORNL
10 Power Pre-reading: Sent via email INVITED SPEAKER:
Homework: Discuss in class Rick Griffin, Electrical
Engineer, ORNL
11 Power Pre-reading: Sent via email INVITED SPEAKER:
Homework: Discuss in class Rick Griffin, Electrical
Engineer, ORNL
12 Power Pre-reading: Sent via email INVITED SPEAKER:
Homework: Discuss in class Rick Griffin, Electrical
Engineer, ORNL
13

ORNL’s Data Center Tour (optional) Oct. 10 (tentative date)
Check-in at the visitor’s center by 1:45 p.m.

14 Industrial Controls

Pre-reading: 1. watch this
short 8-minute video with a
basic overview of SCADA
systems.

2. Read this whitepaper by
Schneider Electric

Homework: TBD

INVITED SPEAKER:

Saeed Ghezawi, Senior
SCADA Systems Engineer,
ORNL

Introduction to Data Centers — ECE 463
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https://www.youtube.com/watch?v=bfxr5DikdP0
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Lectures | Date | Topic Materials/Assignments Misc.
15 Industrial Controls INVITED SPEAKER:
Pre-reading: Discuss in class | Saeed Ghezawi, Senior
at the end of lesson 14 SCADA Systems Engineer,
ORNL
Homework: N/A
No Class — Engineer’s Day
16
Networking for a Data Center | Pre-reading: INVITED SPEAKER:
Brett Ellis, Group Leader for
Data Center Operations,
Homework: NA ORNL
17 Networking for a Data Center | Pre-reading: NA INVITED SPEAKER:
Homework: NA Brett Ellis, Group Leader for
Data Center Operations,
ORNL
18 Commissioning a Data Center | Pre-reading: INVITED SPEAKER:
Jim Rogers, Director for
Homework: TBD Computing and Facilities,
ORNL
19 Management During Pre-reading: NA INVITED SPEAKER:
Construction of a Data Center | Homework: Preparation of a | Bart Hammontree,
Sample Activity Hazards Technical Project Manager,
Analysis ORNL
20 Data Center Facility Operations | Pre-reading: INVITED SPEAKER:
Essential Elements of Data Jim Serafin, Computational
Center Facility Operations Facilities Complex Manager,
(White paper 196) ORNL
by Robert Woolley and
Patrick Donovan
Homework: TBD

Introduction to Data Centers — ECE 463
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Lectures | Date | Topic Materials/Assignments Misc.
21 Computing Configuration Invited speaker:
Management (DCIM) Pre-reading: Article on the Scott Milliken, Computer
race for PUE Facility Manager, ORNL
Data Center Institute
Standards on Density
European Commission
Institute for Energy and
Transport Data Centers 2015
Best Practices Guidelines
Homework: NA
22 Software Environment Pre-reading: TBD Gary Rogers (JICS)
Homework:
23 Cloud Computing Pre-reading: Gartner Kris Torgerson, Deputy
Infrastructure and Technology | resources CIO, ORNL
Homework: N/A
24 Industry Guest Speaker: INVITED SPEAKER:
Drew Frederick,
VP of Cloud & Infrastructure
Services at Scripps Networks
25 Industry Guest Speaker: INVITED SPEAKER:
Lee Kestler, Principal,
Kopend Ventures, LLC
26 Final Project Q&A
27 Final Projects Due

Student Project:

Design a Datacenter from a RFP (request for proposal)
Requirements given at the beginning of the semester
Design Proposal document

O
O
O

Maximum of 10 pages + supporting drawings
single spaced
12pt text

Requirements may change throughout the semester to accommodate customer needs.

Any final project submissions which appear to be duplicates of other project submissions will
receive partial credit for some or all of the project.
Due at the end of the semester (see calendar for specific date), no Final Exam

Elements of Final Grade (ECE 463)

High Level Elements:
- Project documents, reports and presentations = 50% of grade
- Class assignments = 50% of grade
Attendance (90% of classes must be attended) = 0.7 grade points out of a 4.0 grade scale.

Introduction to Data Centers — ECE 463
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https://gigaom.com/2012/03/26/whose-data-centers-are-more-efficient-facebooks-or-googles/
https://gigaom.com/2012/03/26/whose-data-centers-are-more-efficient-facebooks-or-googles/

Detail Grade Distribution:

Data Center Proposal Document - 50%
Class Assignments - 50%
Attendance (90% of classes must be attended) - worth 0.7 points out of 4.0

Course Personnel:
» Faculty member in charge: Dr. Mark E. Dean
* email: markdean@utk.edu
* phone: 865-974-5784
»  Office hours: 3:30-5:00 p.m., Tuesday & Thursday
The best way to contact me is via email or during office hours.

* IT Help: https://ithelp@eecs.utk.edu

* ORNL Administrative Contact and Tour Organizer:
Jennifer Goodpasture - goodpasture@ornl.gov

e Guest Lecturers:
Kathlyn Boudwin — boudwinkj@ornl.gov
Brett Ellis - ellishd@ornl.gov
Saeed Ghezawi — ghezawisr@ornl.gov
David Grant — grantdr@ornl.gov
Rick Griffin — griffinrc@ornl.gov
Bart Hammontree - hammontreeba@ornl.gov
Stephen McNally — mcnally@ornl.gov
Darren Norris — norrisde@ornlg.gov
Jim Rogers — jrogers@ornl.gov
Gary Rogers — grogers3@utk.edu
Jim Serafin — serafinje@ornl.gov
Kris Torgerson — torgersonkl@ornl.gov

Justin Whitt — whitt@ornl.gov

Introduction to Data Centers — ECE 463
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