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In the past year, Advanced Research Computing
(ARC) has made significant strides in spurring new
data-intensive and computational research across
the university. We have also significantly strengthened the infrastructure that enables this research.
Perhaps the most dramatic development was
the formal launch of U-M’s $100 million Data
Science Initiative, which is greatly expanding
our capabilities in data science across campus.
Through this initiative, for example, the Michigan
Institute for Data Science (MIDAS) is providing
funding for faculty to explore areas of potential
application that build on four of the University’s
interdisciplinary strengths: transportation, health
sciences, learning analytics, and social science.
In addition, faculty associated with ARC’s Michigan Institute for Computational Discovery and
Engineering (MICDE) had significant success this
year in attracting new investments that expand our
capabilities and drive new research. For example,
support from the institute was instrumental in
securing two NSF-funded projects this year: the
Open Storage Research Infrastructure (OSiRIS)
collaboration between U-M, Indiana University,
Michigan State University and Wayne State University, which is building a distributed storage
system for large amounts of research data; and the
ConFlux cluster, a computing environment with an
innovative, data-centric architecture that promises
to revolutionize computational physics.
At the same time, new consulting and training
services through Consulting for Statistics, Computing and Analytics Research (CSCAR) and

improved computing capabilities developed by
Advanced Research Computing - Technology Services (ARC-TS) have resulted in an expansion of
U-M’s capacity to enable leading edge science.
As an example, ARC-TS, through a software-defined infrastructure platform developed in partnership with the Michigan-based Yottabyte company, can now stand-up secure and customized
computing platforms in a fraction of the time and
cost previously required.
Together, ARC’s units provide a powerful platform
for attracting new investments and partnerships
that expand our capabilities and drive new research.
This report summarizes a selection of key highlights and achievements. Looking ahead, these
developments provide an even stronger foundation for more improvements, growth, and innovation in advanced research computing at U-M in
the coming year.

Research
DATA SCIENCE INITIATIVE

U-M’s $100 million
Data Science Initiative
launched in fall 2015
is enhancing opportunities for student and
faculty researchers
across the University to
tap into the enormous
potential of Big Data.
The effort includes the hiring of 35 new faculty
over four years; support for inter-disciplinary data-related research initiatives and development of
new methodological approaches to Big Data; new
educational opportunities; expansion of U-M’s research computing capacity; and strengthening of
data management, storage, analytics, and consulting and training resources.
The DSI is investing in research that builds
upon the world-class expertise of U-M faculty in
areas including transportation, learning analytics, social science and health science.

FACULTY ENGAGEMENT

Nearly 300 faculty are affiliated with ARC’s
two institutes, the Michigan Institute for Data
Science and the Michigan Institute for Computational Discovery and Engineering .
The institutes provide opportunities for cross-disciplinary collaboration, support for multi-departmental grant submissions, and outreach
to potential partners.
Faculty workshops, in
which like-minded researchers share results
and ideas for new directions have resulted
in several successful
funding submissions.
Affiliated faculty have also expanded educational offerings including online courses on data
science and the finite element method, as well
as a new graduate-level course on methods and
practice of scientific computing.
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CONFLUX CLUSTER

The innovative design of the ConFlux computing cluster, supported by a $2.4 million National Science Foundation award, allows seamless
communications between HPC resources and
data-intensive operations.
This new hardware and software ecosystem
enables large scale, data-driven modeling of
multi-scale physical systems, and promises to
advance predictive modeling in fields including
physics, cosmology, climate science and cardiovascular flow modeling. The cluster is built and
operated by ARC-TS.
A wide range of phenomena exhibit emergent
behavior that makes modeling very challenging.
In this project, physics-constrained data-driven
modeling approaches are pursued to account for
the underlying complexity. These techniques require HPC applications (running on external clusters) to inter-connect with large data sets at run
time. ConFlux provides low latency communications for in- and out- of-core data, cross-platform
storage, as well as high throughput interconnects
and massive memory allocations.
The Principal Investigator is Karthik Duraisamy of the U-M Aerospace Engineering department.

DISASTER MODELING

A U-M research team is starting a new era of
natural disaster modeling by creating a common computational language to facilitate communications between disciplines like engineering, economics, social science, and medicine.
The resulting holistic model will take into account
the interactions of the multiple, complex factors in
play during natural disasters. U-M researchers are
collaborating with the University of Delaware on
the $2.5 million NSF-funded project.
Principal Investigator: Sherif El-Tawil,
Civil and Environmental Engineering.

BLOOD FLOW SIMULATIONS

A subject-specific blood-flow simulation produced by Dr. Alberto Figueroa helped surgeons determine the placement of a stent-graft
in a congenital heart disease patient.
The 21-year-old female patient had already had
three open-heart surgeries, so a non-invasive
procedure was needed to correct improper
blood flow due to a heart defect.
Figueroa’s model, run on the Flux high performance computing cluster, accurately identified
the exact placement of the stent-graft required
to equalize blood flow to each of the patient’s
lungs, as determined by post-operative imaging
data.
It is believed to be the first time that post-surgery data verified the validity of pre-surgery
blood flow modeling.
Figueroa’s work involved creation of a virtual
model of the patient’s pulmonary and venous
circulations; computational fluid dynamics
analysis of blood flow based on patient data;
and predictive models of blood flow under different stent-graft placement scenarios.

CLOUD-BASED CLIMATE MODELS
Climate models can run in the cloud — using
a limited number of cores — with speed and
efficiently
comparable
to traditional
HPC clusters,
according
to a paper
from U-M
researchers to
be published
in Computers
and Geoscience.

The findings represent a first step in the use of
cloud computing in large-scale climate simulations. The main author is Xianglei Huang,
an MICDE affiliate faculty member in the U-M
Department of Climate and Space Sciences and
Engineering; Brock Palen and Todd Raeker
of ARC-TS are among the co-authors.

The procedure had to be very precise — a difference of less than 1 centimeter would have
yielded negative results for the patient.
Surgeons were able to place the stent-graft
correctly according to Figueroa’s models; the
patient left the hospital within three weeks.

Infrastructure
YOTTABYTE RESEARCH CLOUD

The Yottabyte Research Cloud, developed through
a strategic partnership between the University
of Michigan and Yottabyte, is a software-defined
infrastructure platform that quickly and
efficiently provisions
secure, customized
research computing
enclaves.
YBRC enables the
analysis of sensitive
data sets restricted by federal privacy laws, proprietary access
agreements, or confidentiality requirements.
Previously, the complexity of building secure and
project-specific IT platforms made computational analysis of sensitive data prohibitively costly
and time-consuming.

SECURE HPC ENVIRONMENTS

The Armis HPC cluster, in combination with the
Turbo Research Storage service, provides researchers with a secure computing environment that
protects sensitive data while allowing access to the
power of high performance computing.
The Armis cluster is aligned with the requirements
of the Health Insurance Portability and Accountability Act (HIPAA).
U-M researchers focused on personalized medicine
were some of the first users of Armis. They have
used the cluster to analyze large volumes of diverse
data types, such as billions of clinical observations,
genomic data elements, and unstructured data.
Users of the Armis cluster have access to the same
software packages as other ARC-TS HPC users,
such as statistical packages like Stata, R and SAS.

MULTI-INSTITUTIONAL, DISTRIBUTED STORAGE
The Open Storage Research Infrastructure (OSiRIS)
project is is a collaboration between U-M, Wayne
State University, Michigan State University and
Indiana University to build a distributed, multi-institutional storage infrastructure.
The project will allow researchers at any of the three
Michigan campuses to read, write, manage and
share large amounts of data directly from the computing facilities located on each campus.
The project is funded by a $4.9 million National
Science Foundation Award.
By providing a single data infrastructure that supports computational access on the data “in-place,”
OSiRIS meets many of the data-intensive and collaboration challenges faced by our research communities and enable these communities to easily
undertake research collaborations beyond the
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border of their own Universities.
The project is being designed and implemented
with the help of ARC-TS technicians.
Principal Investigator: Shawn McKee,
Physics

Consulting & Training
GRADUATE PROGRAMS

MICDE and MIDAS operate three graduate programs for students involved in computational or
data-intensive science:
• The Graduate Certificate in Data Science
• The Graduate Certificate in Computational
Discovery and Engineering
• The Joint Ph.D in Scientific Computing
The programs prepare students for careers in
computationally intensive fields while they
simultaneously pursue degrees in existing U-M
graduate programs.
Enrollment has been increasing every year.
Nearly 150 students are currently participating
in the programs.

MICHIGAN DATA SCIENCE
TEAM

Students in the Michigan Data Science Team,
supported by MIDAS, created a data-driven
model to predict which homes are more likely
to be affected by the Flint water crisis.
The students’ model used data sources including voluntary residential water tests, historical
records, and city infrastructure data.
The results could be used to minimize the
immediate damages and guide the long-term
recovery efforts

NEW CONSULTING SERVICES

Consulting for Statistics, Computing and Analytics Research (CSCAR) this year added capacity
to assist anyone on the U-M campus with data-intensive and computational science research.
For example, increase consulting and training
resources are available for researchers using
large scale data processing with advanced algorithms and computing infrastructure, geospatial
analysis and GIS, data visualization, obtaining
and using data from public sources, and analysis
of restricted data.

STUDENT CLUB

Sponsored by MIDAS, the Scientific Computing
Student Club (SC2) began this year, and already
boasts more than 200 members including undergraduates, graduate students, and post-doctoral researchers.
The goal is to build a community of students
to share best practices, network and conduct
workshops and seminars on computational
science.

HPC WORKSHOPS
Each semester, ARC
conducts a series of
workshops on high
performance computing for researchers of
all skill levels.

Workshop offerings
include Introduction
to Linux, Introduction to Batch Computing, and
Advanced Batch Computing.
Sessions have recently been added on data-science topics including Hadoop and Spark.
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