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Abstract—San Diego State University proposes to host a 
Student Cluster Competition  (SCC) team  to participate in 
the SCC program for SC16. The SDSU SCC team will 
conduct research experiments to examine how well the 
OpenHPC software stack performs on a cluster based on the 
Intel Kenney Pass chipset. Based on 16 Kenney Pass E5-2699 
v4 processors, a cluster with 22 cores each, for a total of 353 
cores, 10 TBytes of SSD storage, and an InfiniBand network 
will be provided by Intel, which is our project sponsor. By 
applying the OpenHPC software on the cluster, the outcome 
of our research activities will enhance students’ experiences 
of using HPC, motivate them to solve complex problems 
using advanced HPC skills and facilities, and provide 
feedback to improve the OpenHPC software stack, which 
will ultimately benefit the broader HPC community. 

I. STRENGTH OF TEAM 
San Diego State University has participated at SC for 
many years through papers, posters, workshops, and a 
research booth Participating in the Supercomputing 
Cluster Challenge [1] gives us the opportunity to 
participate at SC at a much deeper level, to reach out to 
our undergraduates and provide them with a richer 
undergraduate experience, to enhance our curricula by 
incorporating HPC concepts, and to contribute to the field 
of HPC. The SDSU team has strong backgrounds in 
computer science, computational science, parallel and 
HPC computing, and cluster management. Our team is 
multidisciplinary and multi-institutional, and consists of 
SDSU undergraduate students from multiple departments 
(computer science, mathematics, statistics); faculty 
mentors from SDSU CS, Computational Science, Math, 
and Biology departments; and external partnerships with 
the San Diego Supercomputing Center (SDSC), and 
several vendors, many of whom are members of the Open 
HPC Community.  

A. Student Team 
For the student team, we have selected a mixture of 

students who will be undergraduates in the Fall of 2016. 
Our current team consists of 6 students: Ali Esparza, 
Vaughn Ganem Haka, Tuan Nguyen, Janessa Tran, Gary 
Williams, and, Briana Wright (their biographies are 
summarized in Section VI below). We have travel 

funding for 6 team and 2 alternates, and we plan to 
continue recruiting for members over the Summer. 
Students were chosen who based on academic records, 
experience working on team projects, who are interested 
in helping to establish a stream of students for subsequent 
years of participation, and who are eager to participate. 
We expect that the junior students chosen this year will be 
able to participate at SCC in 2017, and thus can help 
mentor newer students. The SCC activities will be 
integrated into our ACM chapter activities, and promoted 
within our departments in order to build interest and 
participation in the future. 

Our students have the opportunity to take courses that 
help to provide a foundation on which to learn about 
HPC, including:  architecture, algorithms, operating 
systems, statistics, numerical analysis, UNIX system 
administration, scientific databases, programming 
Languages, compilers, software engineering, GIS, 
computer simulation, microprocessor architecture, 
computer security, networks, client-server 
programming, 3D game programming. In the Fall of 
2016, we are adding two new classes for upper division 
undergraduates: Applied Math HPC (Dr. Shen), and Big 
Data (Dr. Whitney). To augment the students’ educations, 
we plan to meet weekly throughout the Summer to 
prepare the students for the competition (see the Team 
Preparation section below). We hope that additional 
HPC/parallel computing classes will be integrated into the 
department curriculum as a result of the SCC activities. 

B. Faculty Mentors 
Our mentors include Drs. Mary Thomas, Rob 

Edwards, Jose Castillo, Bo-wen Shen, Roger Whitney, 
and James Otto (faculty, SDSU), and (Dr. Pietro 
Cicotti (computational research scientist at the San 
Diego Supercomputer Center). Our combined expertise 
includes computational science, high performance 
computing, computer science, advanced numerical 
methods, mathematics, large scale parallel computing 
resources (XSEDE scale), big data, performance and 
efficiency, ocean modeling, biology and bioinformatics, 



cyberinfrastructure, plasma and optical physics, carbon 
sequestration, and cluster administration. 

C. Our Plans for Success 
Our team has depth and strength. The students on our 

team are volunteers who all have shown the ability to not 
be successful undergraduates students at SDSU (as 
evidenced by their overall GPA), but most of them have 
done some type of HPC/parallel computing on their own 
through internships or online courses. This type of 
initiative is a strong indicator of success in any endeavor 
that these students choose to pursue. The faculty mentors 
who are on our team represents a diverse group of 
researchers and educators who have knowledge and 
experience working with both HPC hardware, software, 
mathematics, and computational science. Our vendors are 
committed to working with the team, which will help 
ensure that the software and hardware used will be 
dependable and useful for the SCC challenge. Both the 
faculty and the vendors have experience working on 
different activities at Supercomputing, including running 
workshops, presenting posters and papers, running 
hardware, demonstrating software, etc. We feel confident 
that we can take advantage of the expertise of our team to 
mentor our student team during the SCC. 

II.    STRENGTH OF HARDWARE AND SOFTWARE 
APPROACH 

The SDSU hardware and software plan is based on a 
commitment between SDSU, Intel, and the OpenHPC 
Community. Intel and OpenHPC will provide the 
hardware and software, and SDSU will use these 
resources for all aspects of the competition. This approach 
is unique, and represents an opportunity for SDSU, Intel, 

and the OpenHPC vendors to 
collaborate and participate in a 
research project to see how well the 
OpenHPC software stack performs and 
to ultimately contribute the 
computational efforts of the broader 
HPC community. 

A. Cluster Design 
The SDSU cluster will be based on 

Intel cluster hardware using the Open 
HPC community software stack. Intel 

is committed to providing the cluster, shipping costs, and 
technical support. The cluster will have 352 cores, 
connected via FDRB, and 10 TBytes of SSDs. The cluster 
features 2 Kennedy Pass Intel 2U Quad board servers, for 
a total of 8 nodes with 2 processors each. The processors 
are 22 core E5-2699 v4 running at 2.2GHz (145 W TDP), 
for a total of 352 cores and nominal peak performance 
close to 12.4TF. All the hardware, including the 
interconnect fabric, fits into a 42U rack. 

B. Power Consumption 
The 16 processors have a TDP of 145 Watts, for a 

total of 2320Watts. 400 Watts of the power budget is 
allocated for the interconnect, and another 30 Watts per 
node for DRAM brings the total to 2960 Watts. We 
consider the gap to the 3120 Watt limit for the 
competition to be largely sufficient for the other 
components of the system and the SSDs. 

C. System Software Approach 
On the cluster, we have committed to deploying and 

using the OpenHPC software stack [2]. OpenHPC is a 
community effort with the goal of [3] building a portable 
software stack supporting Linux clusters, which includes 
a suite of common ingredients required to deploy and 
manage High Performance Computing (HPC) Linux 
clusters. The software suite includes resource 
management, I/O clients, development tools, and 
scientific libraries. Packages provided by OpenHPC have 
been pre-built with HPC integration in mind with a goal 
to provide re-usable building blocks for the HPC 
community [4]. The OpenHPC community includes 
representation from a variety of sources including 
software vendors, equipment manufacturers, research 
institutions, supercomputing sites, and others. OpenHPC 
provides builds that are compatible and tested 
against CentOS 7.2 as well as SUSE Linux Enterprise 
Server 12 SP1.  

For the SCC competition, our team will work 
throughout the Summer and Fall to provide feedback to 
OpenHPC so that we can run their software on the Intel 
cluster. We will evaluate and use appropriate OpenHPC 
software. In the event that OpenHPC does not contain 
software needed for the competition, we will use 
whatever software is best for the required application test 
suite. We will work with the students to teach them about 
performance monitoring and run-time code profiling 
using tools such as gprof, MPI PAPI, TAU, TotalView, 
Valgrind, Vampir, PDToolkit. Getting experience with 
profiling and scaling studies (as a function of #cores and 
problem size) before the competition will be integral to 
our training and essential during the competition. 

 

III. STRENGTH OF VENDOR PARTNER/ INSTITUTION 
RELATIONSHIP 

Our vendor and institutional relationships are strong 
and exciting. We are working with Intel and members of 
the Open HPC Community [2]. In addition, we have the 
support of the Dean of the College of Sciences (Dr. 
Stanley Malloy), the Department of Computer Science 
(Dr. Leland Beck), the Computational Sciences Research 
Center (Dr. Jose Castillo), and our local ACM chapter. 

Intel marketing representative, Misti Lusher 
(misti.lusher@intel.com), is putting together a team of 
vendors and technical experts from Intel and other 



OpenHPC members. Ms. Lusher can be contacted in the 
event of any questions that the reviewers may about this 
proposal. Intel has committed to providing significant 
support, including: travel costs for the SDSU team (6 
students, 2 alternates, and two faculty mentors); a cluster, 
rack, storage, networking and other hardware; shipping 
costs to/from SC; and technical support for building out 
the cluster, including sending an expert to work with our 
team in San Diego.  

We are enthusiastic about the fact that Intel has 
decided to donate the cluster to SDSU after the 
competition, when we plan to use this cluster as a student 
test cluster. The Computational Science Research Center 
(CSRC, Dr. Castillo, Director) has offered to host this 
resource as one of its resources, and will house the cluster 
in its machine room (which has proper power and AC) 
and to provide admin and support for the long term [5]. 

We are also excited to be able work with OpenHPC 
(http://www.openhpc.community/) where we will be 
using their HPC software stack to manage our cluster and 
run our applications. OpenHPC members have committed 
to work with the SDSU team to ensure that OpenHPC 
software works reliably on our system for the required 
SCC applications. Our experiences will provide the 
community with important feedback that will help 
improve the software stack. Members of the OpenHPC 
community that will work with our team currently include 
Misty Luscher and Reese Baird (Intel), but others will 
join in as needed. 

IV. STRENGTH OF DIVERSITY 

SDSU is an Hispanic serving institution and has achieved 
a number of distinctions for its student graduation rates, 
for increasing student diversity and program quality. 
SDSU’s fall 2013 freshman class reflects the university’s 
extraordinary diversity with 59-percent self-identifying as 
students of color or from under represented communities. 
SDSU has the distinction of having one of the highest six-
year graduation rates of 66.5% for 2012, up from 44% 
percent in 2003, nationwide. The freshman continuation 
rate for 2012 was 88.5% overall, and 87.4 percent among 
freshmen of color. The departments involved with this 
proposal have student populations that reflect the 
diversity of SDSU undergraduate populations.  

For recruiting the SCC team, we have sent out an open 
invitation to all students, and we will base our team 
selection on a several weighted factors, including: GPA; 
background and experience; member of an under 
represented community; and interest and excitement. In 
the event that the team is lacking in diversity, we will 
work with our undergraduate advisors to outreach to that 
community.  50% of the students on the team are from 
under represented communities. 

V.   TEAM PREPARATION 
The SDSU Team will use several methods for preparing 
for the competition including courses, lectures customized 
to the SCC activity, hands on training in the lab using the 
cluster, and application studies.  

A. Student Preparation  
The SDSU team will spend time together this Summer 

working with the students to help them learn about the 
cluster (building, installing and administering software, 
including the OpenHPC software stack); learning about 
the SCC applications; participating in a series of lectures 
about parallel programming models needed for the 
applications. Each faculty mentor has committed to being 
available for at least one week this Summer to work with 
the students. The student work done in Summer and Fall 
will be done as part of a research course we will set up in 
the Fall whereby students can get credit and write-up their 
experiences as an undergraduate thesis. We will also 
promote this effort by having students present a poster at 
the CSRC Applied Computational Science and 
Engineering Student Support (ACSESS) annual meeting, 
to be held in May, 2017 [3]. 

Students have the option to take HPC courses at 
SDSU. Dr. Thomas teaches two graduate level parallel 
computing classes, and Drs. Shen and Whitney are 
starting new undergraduate classes in the Fall: HPC 
Mathematics and Big Data. We intend to add/expand 
undergraduate courses to include more HPC and parallel 
computing topics. Dr. Cicotti will bring the team to the 
San Diego Supercomputing Center for a day of tours and 
lectures. Both SDSU/CSRC and SDSC have invited the 
team to participate in booth activities at the meeting. 
Based on our experiences at the meeting, we plan to apply 
for an NSF REU grant to help fund future student 
activities and for an XSEDE Campus Champion 
Fellowship for curriculum development. 

B. Cluster Preparation  
Dr. Otto leads the cluster support work at the CSRC, 

where the machine will be hosted, and he will be 
available work with Intel and students on the cluster 
operation. The CSRC has offered to provide a few nodes 
for the students to work with while waiting for the Intel 
cluster to arrive, and a lab space where they can have 
hands-on access to the cluster. Once the Intel cluster 
arrives, the team will work with an Intel engineer who 
will travel to SDSU to help build out the cluster. 

C. System Software Preparation  
The system software preparation will focus on the 

OpenHPC software suite. The OpenHPC community has 
offered to assist our students as they learn to install and 
deploy the software stack; in addition, the community will 
provide with updates as needed. Our team mentors will be 



involved analyzing the SCC applications and teaching the 
students about them. 

D. Applications Preparation 
Team mentors will work with the team to analyze the 

SCC applications, teaching them about their design and 
their applications in real case studies, and working with 
them as they learn to run the applications on the cluster. 

The students will learn about dense linear systems, 
how HPL is designed, and a little bit of history on top500 
and how HPL is used to rank supercomputers. Then, 
following on the latter theme, they will learn how HPCG 
came about as a complement to HPL that exercises 
different components of the architecture; they will also 
learn how HPCG represents a different set of workloads 
of great importance for the DoE and the scientific 
community. 

Shifting gears, we will then look at non-FLOPS 
oriented applications and two very different types of 
parallelism. On one end, we have the distributed password 
recovery that is embarrassingly parallel, and on the other 
end, we have ParConnect, which includes a graph 
computation and irregular decomposition. 

Finally, the students will learn about the importance of 
visualization in presenting scientific data. In addition, the 
students will be exposed to the challenges of analyzing 
and visualizing large data sets, and the importance of 
designing systems that can accommodate both computing 
and analysis tasks. 

VI. STUDENT TEAM BIOS 
 

Ali Esperanza (Jr, CS): My interests lie 
in big data, machine learning, and 
scientific computing. Activies include:  
SDSU Big Data Hackathon; serving as 
Vice president of the Society of 
Engineers at Cuyamaca Community 
College. My goal is to lead teams of 
smart people to tackle problems on the 
cutting edge of technology. 

 

Vaughn Ganem Haka (Jr., CS): My 
interests include distributed 
computing, Spark, Hadoop, online 
courses (MOOCs); seeking out ways 
of scaling and distributing 
computational processes. I enjoy 
spending my free time exploring the 
outer reaches of cyberspace.  

Tuan Nugyen (Jr, CS):  My interests 
include system administration; 
software systems, data analysis; and 
computer security; online courses 
(Coursera, Udacity, and Edx). I am a  
self-motivated learner, eager to 
tackle any challenges with great 
effort.  

Janessa Tran (Jr. Quantitative 
Econ). My interests include data 
analysis paired with economics; and 
construction of  decision making 
algorithms. In my free time I spend 
time with my dog and hope one day 
to rescue animals.  
Gary Williams (Jr., CS): Gary is a 
computer science senior at SDSU. 
After working for years in quality 
assurance for mobile applications, 
he came to SDSU to learn more 
about the theory and practice of 
modern computing. His interests 
include algorithms and big data, 
along with video games and beer.  
Briana Wright (Jr., CS): My 
interests include: software security, 
distributed computing, and parallel 
programming. My hobbies and 
interests include gardening, baking, 
hiking, snowboarding, video games, 
and beer. In my free time I like to 
lift weights and read with my cat.  
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