
Advancing academic research in Japan 
with Intel® Xeon Phi™ coprocessor

Challenges
•  Insufficient HPC Environment: An increase in the number of researchers, stu-

dents, and laboratories made the existing High Performance Computing (HPC) 
environment unable to meet demand.

•  Decrease in Performance: As the demand for high throughput, parallel com-
puting increased, the storage I/O speed in the existing environment became a 
bottleneck.

Solution
•  A new Intel® architecture-based HPC system: The 426 node HPC system is made 

up of the Intel® Xeon® processor E5 v3 family, Intel® Xeon Phi™ coprocessor, Intel® 
SSD, and Lustre*.

Impacts
•  Increased Performance: Achieved four times better performance in peak opera-

tion performance of entire system, and two times better I/O performance.

•  Increased Use in Research that Uses Parallel Computing: Intel Xeon Phi copro-
cessor speeds up the HPC performance meeting the needs of researchers and 
allows more researchers to have access to HPC for their researches.

Case study
 
 

HPC-Based Large-Scale Computing 
Environment 
That is Vital to Cutting Edge Research
The Okinawa Institute of Science and 
Technology Graduate University (OIST) 
is located an hour drive from Naha 
Airport in Onna, Kunigami District, in 
the center of the Okinawa main island.
The headquarter is alongside Japan 
National Route 58, which runs along 
the coast of the East China Sea. It was 
established in 2011 with the goal of 
contributing to Okinawa’s autono-

mous development and the advance-
ment of science and technology in the 
world through outstanding education 
and research related to science and 
technology. It has invited world-class 
faculty from the fields of neuroscience, 
environmental and ecological science, 
molecular, cellular, and developmental 
biology, mathematical and computa-
tional science, physics, and chemistry 
to conduct world-class research in 50 
research units. Over half of the faculty 
and students are foreigners who all 
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“The performance of parallel 
workloads has been 

greatly improved by the 
Intel® Xeon® processor 

E5-2600 v3 product family, 
with new optimizations  

and expanded 
functions such as the 

Intel® Advanced Vector 
Extensions.”

– Okinawa Institute of Science and  
Technology Graduate University

Chief Information Officer
Tim Dyce

teach and research  in English. Since 
beginning to accept students in Sep-
tember 2012, 20 students from around 
the world have joined every year, and 
there were 50 faculty members, 337 
researchers, and 79 students as of Sep-
tember 2014.

A large-scale computing environment 
based on high performance computing 
(HPC) is essential for OIST to promote 
cutting edge research. The HPC system 
comprised of 384 servers (increased 
to 480 in 2013) was implemented 
as the graduate university’s second 
generation HPC cluster in the fall of 
2011. Since the number of students, 
researchers and laboratories has grown 
significantly, the system was unable to 
handle the analysis demands. An HPC 
system equipped with Intel® Xeon® 
processor E5-2600 v3 product family 
and Intel Xeon Phi coprocessor was de-
ployed then implemented and named 
“Sango” (Coral). Operating know-how 
from the previous system was put to 
use to achieve a variety of improve-
ments in Sango.

Chief Information Officer, Tim Dyce, 
who supports research through main-
tenance of the HPC system, explains, 
“Learning lessons from our previous 
system, we greatly improved I/O perfor-
mance from the previous environment. 
The previous system was a hybrid 
of Ethernet and Infiniband*. In order 

to optimize system costs, due to the 
rapidly increasing demand for parallel 
computing, the new environment was 
unified under InfiniBand FDR. This uni-
fied networking environment has led to 
dramatic increases in performance and 
simplified management. The Intel Xeon 
processor E5-2600 v3 product family 
was used in the new environment, re-
sulting in substantial performance im-
provements. The increased processing 
performance has come not only from 
the increased core counts of the Intel 
Xeon processor E5-2600 v3 product 
family, but also from the new exten-
sions, such as Intel® Advanced Vector 
Extensions 2 (Intel® AVX2). Many of our 
research applications are well placed to 
capitalize on these new extensions, and 
we expect increasing utilization over 
time.”

Also, in order to accelerate storage 
access, Mr. Dyce stated that the new en-
vironment unifies the previous General 
Parallel File System (GPFS*) and Lustre 
systems into a single high performance 
Lustre system. Furthermore, Intel 
SSDs have been adopted for nodes 
with built-in large capacity memory to 
provide high performance, low-cost 
storage, especially for applications with 
very large numbers of small files.

The Intel Xeon Phi coprocessor has 
also been newly adopted for this HPC 
system. The Intel Xeon Phi coprocessor 
achieves ground-breaking performance 
in massively parallel applications by 
supplementing the Intel Xeon proces-
sor in the system. Because accelerated 
parallel processing can be achieved by 
reusing the source code developed for 
the widely used Intel® architecture pro-
gramming model, it is an ideal environ-
ment to run more complicated simula-
tions. HPC and Research Computing 
Engineer Eddy Taillefer says, , “There 

Intel® Xeon Phi™ coprocessor accelerates programs 
developed for Intel® Xeon® family-based platforms 
with x86 compatibility



InfiniBand* Director Switch
Mellanox* SX6518

324 ports – FDR (56Gb/s)

FDR Infiniband Network
(56 Gb/s)

Lustre File System

3 PB of usable capacity
Peak read/write

performance: 90 GB/s

Lustre Storage

12 x OSS connected to
3 x DataDirect Networks*

SFA12KX*-40 IB
370 x 4 TB SAS

RAID 6 (8+2)

2 x MDS connected to
DataDirect Networks SFA7700 IB

13 x 800GB SSD
RAID 6 (4 + 2)

1 x Lustre Management server

2 x NFS/CIFS servers

10 x Administration nodes
20 x Large Memory nodes

Supermicro* SYS-F618R2-RT+
CPU: Intel® Xeon® processor 

E5-2680 v3 RAM: 512GB

Sango Cluster

6 x Accelerator nodes
Supermicro SYS-2028GR-TR
CPU: Intel Xeon processor 
E5-2680 v3 RAM: 128GB

4 x Intel® Xeon Phi™ coprocessor 
7120P each node

400 x Computing nodes
Supermicro* SBE-720F

CPU: Intel Xeon processor 
E5-2680 v3 RAM: 128GB
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are currently research projects that 
make use of specialized GPGPU pro-
grams to solve large scale problems or 
to significantly reduce the computation 
time. However, recently more and more 
researchers want to achieve similar 
computation scalability and time reduc-
tion while keeping their codes written in 
C/C++ or Fortran. By taking advantage 
of OpenMP* automatic parallelization 
and Intel compiler vectorization accel-
eration, the highly versatile Intel Xeon 
Phi coprocessor was able to meet their 
needs. We also think that the informa-
tion that we are collecting from actual 
research computation on Sango will 
benefit to the integration of future Intel 
Xeon Phi coprocessor.”

Comprised of 400 Computation Nodes 
Peak Operations Performance: 
250TFLOPS
Sango, which OIST began using in April 
2015, is comprised of 400 computa-
tion nodes, 20 large capacity memory 
nodes, 3 Intel Xeon Phi coprocessor 
nodes, and 3 acceleration nodes. Built 
into each node is an Intel Xeon proces-
sor E5-2680 v3 that has 12 cores. HPC 
and Research Computing Engineer 
Francesca Tartaglione says, “Sango’s 
peak performance across the entire 
cluster is more than 250 TFLOPS. This 
is substantial improvement, more than 
4x, compared to the previous cluster 
Tombo which could reach only 60 
TFLOPS as peak performance”. When 
a parallel computation simulation was 
experimentally run in an environment 
with increased I/O speed between 
nodes thanks to InfiniBand* FDR, the 
speed improvement was confirmed 
to be a minimum of 1.5 to 2 times the 
original speed.

Utilized for Simulations of Ocean 
Currents in Marine 
Science and For the Modeling of 
Viscous Fluids
The HPC implemented by OIST is now 
being utilized in a variety of research 
fields. Researchers and students can 
request use of the large-scale comput-

ing environment at any time and carry 
out necessary data analysis and simula-
tions. Among the 50 research units at 
OIST, the Marine Biophysics Unit which 
specializes in marine science is one of 
the research units that performs paral-
lel computing most often. 

Shohei Nakada, member of Marine Bio-
physics Unit, explained, “We simulate 
ocean currents with HPC to learn the 
patterns of objects like eggs floating 
in Okinawa’s coral reefs and oceans 
flow through the ocean. Specifically 
speaking, the sea area is divided into 
960 subareas, and the computations 
for each subarea are allotted to a HPC 
computation node for parallel process-
ing. Furthermore, by sharing informa-
tion like water temperature between 
each of the nodes, the next flow can be 
predicted. Two generations ago, early 
stage research utilizing high perfor-
mance computing was programmed 
with GFortran. As programmers move 
from GFortran to using Intel® Fortran 
we have seen increases in performance, 
allowing for simulations that took one 

week to now be finished in two or three 
days. In addition to the use of Intel For-
tran, I/O speeds are further accelerated 
with the new Sango system, so a further 
increase in performance is expected.”

The Mathematical Soft Matter Unit, 
which researches matter comprised of 
multiple atoms and molecules, utilizes 
the HPC system for large-scale compu-
tational science processing. Unit mem-
ber Ryohei Seto explained, “We are 
researching not only simple objects and 
fluids, but also the physical properties 
of biological semiconductors and soft 
matter. We are currently conducting 
research that investigates the prin-
ciples of viscous fluid movement under 
boundary conditions. But because this 
field does not have well-established 
models, we have to run simulations 
while improving existing models and 
establishing new models ourselves. We 
utilize HPC’s multithread processing to 
model the flow of viscous fluids while 
running large-scale computations by 
trial and error.”

Structure chart for �Sango (Coral)�, the HPC system built by OIST
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The HPC system at OIST, making use of 
Okinawa Prefecture’s frequent ty-
phoons, is also being utilized to predict 
the destructive power of approaching 
typhoons. Tapan Sabuwala from the 
Continuum Physics Unit stated that 
they are doing research which involves 
collecting over a long period the mag-
nitudes of battering strong winds that 
arise from typhoons, using mathemati-
cal models to analyze them, and predict 
the magnitude of typhoons.

Examining the Utilization of 
Knights Landing To Optimize HPC
Dyce discussed the prospects, “The num-
ber of students and researchers contin-

ues to increase at OIST. By implementing 
Sango we succeeded in obtaining an HPC 
system which meets our projected de-
mands and allows for a flexible increase 
in capacity if required. This environment 
supports our goal to actively support 
researchers in accelerating their analy-
sis and simulation activities through 
optimizing their code and increasing the 
utilization of parallel computing. Looking 
forward, we are considering how we can 
use the next generation Intel Xeon Phi 
coprocessors to further accelerate and 
support research activities at OIST.”

OIST is a place where world class intel-
lect gather to research and educate cut-
ting edge science and technology. The 
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HPC system equipped with technology 
including the Intel Xeon processor and 
Intel Xeon Phi coprocessor will continue 
to make contributions as the core com-
putational foundation of this graduate 
university.

Find the solution that’s right for your 
organization. Contact your Intel repre-
sentative, visit Intel’s Business Success 
Stories for IT Managers, and check out 
IT Center, Intel’s resource for the IT 
industry.
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