
Challenges
•   Expanding its high-speed system to support interdisciplinary computational science, a 

fusion of science and computer science. 

Solution
•   An Intel® technology-based supercomputer called COMA (PACS)-IX with 768 Intel® 

Xeon® processors E5 v2 family, Intel® Xeon Phi™ coprocessors, and Intel® Cluster Studio 
XE for MPI developers and C++/ Fortran programmers

Benefits
•   Supercomputer COMA (PACS-IX) achieved 1.001 PFlops peak performance with Intel® 

architecture

•   Optimized code that performs better on the many-core coprocessor

•   Promote research focusing on the latest hybrid computing architecture

The second PFlops supercomputer 
at the Center for Computational 
Sciences, University of Tsukuba
The Center for Computational Sciences 
at the University of Tsukuba promotes 
interdisciplinary computational science, a 
fusion of science and computer science. In 
April of 2014, it introduced COMA (PACS-
IX), a supercomputer with peak comput-
ing performance of 1.001 PFlops. The 
ultra-parallel cluster is composed of 393 
nodes. Each node contains two Intel Xeon 
processors E5 v2 family and two Intel Xeon 
Phi coprocessors. It is a matter of pride for 
the center to achieve the highest domestic 
performance (as of June 2014), with peak 
computing performance over 1 PFlops.

With COMA and the existing HA-PACS, the 
Center for Computational Science at the 
University of Tsukuba now has two super-
computers for educating undergraduate 
and graduate students in the field of high-
performance computing. 

Scientific research running on 
the supercomputer promotes 
supercomputer development 
With the Center for Computational Physics 
that was founded in 1992 as its predeces-
sor, the current Center for Computational 
Sciences restructured and expanded in 
2004. In 2010, it was certified by the Joint 
Usage/Research Center, Ministry of Educa-
tion, as AISCI (Advanced Interdisciplinary 
Computational Science Collaboration 
Initiative). Currently, under the Multidisci-
plinary Joint-Use Program that strength-
ens the collaboration of computer science 
and science, it acts as the computer center 
for research institutes across the coun-
try, supports workshops for promoting 
interdisciplinary computational science, 
and offers resources for researchers and 
students for developing extra-scale super-
computers.

Taisuke Boku, deputy director and chair-
man of computer system operation, 
explained, “The role of the Center for 
Computational Sciences is not just as the 
information center where researchers can 
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 “A large number of CPU 
cores are mounted on a 

single chip, and are attached 
to the CPU via the PCI Ex-

press* bus in the Intel® Xeon 
Phi™ coprocessor to achieve 
optimum cost performance, 

power performance and 
space performance on the 

supercomputer.”

- Professor Taisuke Boku
Computing Systems Application 

Committee Head/  
Assistant Center Head

Center for Computational Sciences, 
University of Tsukuba

access supercomputers. Being a unique 
national university, it serves many teachers 
and researchers from various subjects 
like computational science, application 
development, and scientific research. This 
sharing promotes the development of the 
supercomputer itself, something unique 
among university computer centers. 
These initiatives, defined as interdisciplin-
ary computational sciences, are a major 
feature of the Center for Computational 
Sciences. It is a place for broad exploration 
in computational sciences.”

The Center for Computational Sciences 
also promotes the use of information 
technology in basic science, high-speed 
simulation, large-scale data analysis, and 
applied research. With HA-PACS and 
COMA bringing PFlops computing to real-
ity, it is looking forward to breakthroughs 
in research and development of compu-
tational sciences in the fields of particle 
physics, space, nuclear physics, material 
science, life, and global environment.

Evaluating the high cost 
performance and the power 
performance and adopting of Intel® 
Xeon Phi™ coprocessor
In recent years, CPU performance has 
helped increase the performance of mas-
sively parallel supercomputing clusters. 
However, the conventional way of increas-
ing performance by adding nodes and 
stacking servers takes up limited data cen-
ter space and power. At the Computational 
Science Research Center, a course showed 
how low-power, high-performance super-
computers can be accelerated by arith-
metic coprocessors, focusing on many-
core processors (MIC) in which multiple 
cores are integrated in a single chip. The 
research center evaluated the MIC with 
Intel, and is continuously researching how 
to improve tuning and performance. As a 
result, it decided to build COMA immedi-
ately after the Intel Xeon Phi coprocessor 
was launched.

With up to 61 cores on a single chip, Intel 
Xeon Phi coprocessor offers up to a Tflop 
of double-precision peak performance, 
which delivers higher parallel performance 
per watt than Intel Xeon processors.1,2,3

Another benefit of the Intel Xeon Phi co-
processor, based on the same architecture 

as the Intel Xeon processor, is its high level 
of programmability. Boku said, “There 
comes a sense of security when applica-
tions can be developed without wasting 
the existing codes and without having to 
learn new things. Just like writing applica-
tions for a general-purpose processor, 
the Intel Xeon Phi coprocessor can be 
programmed by using FORTRAN, C++ and 
Open MP.”

In 2013, the Computational Science Re-
search Center designed the next super-
computer system in collaboration with 
the Information Technology Center of the 
University of Tokyo and has created Joint 
Center for Advanced High Performance 
Computing (JCAHPC), an organization 
for cooperation and management. As the 
goal for the financial year 2015, JCAHPC is 
planning to introduce a class of very large 
supercomputers with scores of PFlops at 
the Kashiwa campus of the Information 
Technology Center, University of Tokyo. 
COMA also plays a role as an experimental 
system for carrying out the research and 
development of tuning and coding of the 
next-generation supercomputer.

Ensuring high-speed performance 
with a biased MIC board of two 
units with one CPUMIC and CPU
COMA, introduced by the Center for 
Computational Sciences, stands for cluster 
of many-core architecture processor. The 
term is also derived from the English name 
Coma Berenices, a typical cluster of galax-
ies - a collection of stars is a galaxy (many 
core), and a collection of galaxies (a cluster) 
is a galaxy cluster. 

COMA is a parallel system equipped with 
393 compute nodes where one compute 
node has two Intel Xeon processors E5-
2670 v2 (2.50GHz) with 10 cores per CPU 
and two Intel Xeon Phi coprocessors 7110P 
with 61 cores. Theoretical peak computing 
performance of a single node is 0.4 Tflops 
for CPU, 2.147 Tflops for MIC, and 2.547 
Tflops combined. Theoretical peak com-
puting performance of the entire system is 
157.2 Tflops for CPU, 843.8 Tflops for MIC, 
and 1.001 PFlops combined.

In addition, all compute nodes are con-
nected by a mutual high-speed network 
(InfiniBand* FDR), with a communication 
performance 10 times that of Ethernet. 

The many-core Intel® Xeon Phi™ coprocessor 
has contributed to the development of  
interdisciplinary computation science by  
combining science and computational science



The Center for Computational 
Sciences, University of Tsukuba, and 
the Information Technology Center, 
University of Tokyo, have set up the 
Joint Center for Advanced High 
Performance Computing (JCAHPC)

The Center for Computational Sciences, 
University of Tsukuba, and the Informa-
tion Technology Center, University of 
Tokyo, have set up a supercomputer 
system to be designed primarily by the 
teaching staff of both institutions in the 
Tokyo University Information Technology 
Center located in the Kashiwa Campus of 
the University of Tokyo. This is the first 
experiment of its kind in Japan, setting 
up and jointly operating and managing a 
supercomputer.

The Center for Computational Sciences, 
University of Tsukuba, and the Informa-
tion Technology Center, University of 
Tokyo, have implemented projects in the 
past to set joint specifications and pro-
cure supercomputers for each university 
through the T2K Open Supercomputer 
Alliance, consisting of three centers of 
the Academic Information Media Center 
of the University of Tokyo. The specifica-
tions of the T2K Open Supercomputer 
Alliance are intended to reduce procure-
ment costs and improve system perfor-
mance through freedom from vendor 
dependence. They are formulated based 
on openness of hardware and openness 
from user dependence. The establish-
ment of JCAHPC is one step in this direc-
tion, and the design and development as 
well as the operation and management 
of the high-performance supercomput-
ers are jointly carried out by the informa-
tion centers of both universities with the 
objective of promoting state-of-the-art 
computational science.

The policy framework established for the 
design and development of supercom-
puting systems does not follow existing 
supercomputing products. Instead, it 
uses many-core processors to design 
a state-of-the-art system, also linking 
the system to the OS, programming 
language, numerical computing library, 
and other systems that form the core 
technology for the software during the 
design and development process.

Parallel processing is uniform between 
compute nodes. A Lustre* file server with a 
total capacity of 1.5 petabyte by RAID-6 is 
used for storage. It is freely accessible from 
all compute nodes via the InfiniBand FDR 
network.

”Compute nodes consist of two MIC boards 
equipped with the Intel Xeon Phi coproces-
sor 7110P and a network board of Infini-
Band FDR, next to one Intel Xeon processor 
E5-2670 v2, ensuring high-speed commu-
nication capability between the coproces-
sor and the network board. Just one Intel 
Xeon processor E5-2670 v2 can maintain 
high-speed performance,” said Boku.

Different operating modes to 
support different computing needs
COMA operations can handle three dif-
ferent operating modes at the node level: 
CPU only, MIC only, and a combination of 
CPU and MIC.

CPU only

CPU only mode is used to support the 
multi-core-oriented programs of the 
previous-generation supercomputer 2K-
Tsukuba, which reached its end of life in 
February 2014. This mode uses 16 of the 
total of 20 cores in the Intel Xeon proces-
sor E5-2670 v2.

MIC only

Under this mode, all computing resources 
on the Intel Xeon processors E5 v2 and the 
Intel Xeon Phi coprocessors are used. It 
runs hybrid programs in the MIC Native or 
Symmetric mode.

Besides the flexibility of multiple execu-
tion models, the architecture of the Intel 
Xeon Phi coprocessor brought additional 
advantages. Unlike other GPU architec-
tures, the Intel Xeon Phi coprocessor is 
compatible with Intel architecture. There is 
no need to rewrite applications or master 
new programming models. With a single 
programming model, parallel optimization 
techniques simultaneously deliver perfor-
mance for both the Intel Xeon processor 
and Intel Xeon Phi coprocessor. Research-
ers familiar with existing programming 
tools can immediately take advantage of 
the performance offered by the coprocessor.

Intel Cluster Studio XE is used as the 
development tool in the programming 
environment. Researchers use the Intel® 
FORTRAN and C++ compilers and the 
Intel® MPI library as needed to create the 
programs. Boku said, “Since a free choice 
of compilers can also be effective for some 
programs, we have developed an applica-
tion system in which we do not specify 

•System Configuration

 - Node configuration
  • CPU: Intel Xeon processor

E5-2670 v2 (2.5 GHz) × 2
  • MIC: Intel Xeon Phi coprocessor

7110P × 2
  • Memory: CPU64GB, MIC16GB
  • Network: InfiniBand FDR
 - Number of nodes: 393
 - Peak performance
  • CPU: 157.2 Tflops
  • MIC: 843.8.2 Tflops
  • TOTAL: 1.001 PFlops
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a particular product for the compiler or 
library. Instead, we allow the researchers 
to freely choose a compiler or library.”

Used for development of 
computational science applications 
in fields such as particle theory and 
life science
Researchers across the country can use 
COMA free of charge under the Inter-
disciplinary Joint Utilization Program to 
support advanced scientific research in 
computational science and computational 
engineering. Arrangements have also 
been made for its free use under the High 
Performance Computing Interconnections 
(HPCI) Program promoted by the Ministry 
of Education, Culture, Sports, Science and 
Technology, and under the Large-Scale 
General Use Program, which researchers 
across the country can use free of cost.

Boku said, “There are no limitations on 
research using the supercomputers. 
Researchers can choose as they like and, 
after careful examination of the subject 
matter of the research, make use of the 
Interdisciplinary Joint Utilization Program. 
We hope this computer will be used in 
every field including elementary particles, 

space, life science, and global environmen-
tal research.” 

Lectures on high-performance 
computing give graduate 
students competence to carry out 
computations 
COMA also helps educate students in the 
Center for Computational Sciences. Ac-
cording to Boku, “Today, Japan is running 
overwhelmingly short of researchers in 
the scientific field who can write their own 
programs, when compared to the situa-
tion abroad. To enable our researchers to 
write their own computational programs in 
various fields of research, we are con-
ducting high-performance computation 
classes for graduate students. We are also 
running intensive courses introducing 
high-performance computing to 40 to 50 
graduate school students every year and 
continuing with our initiatives to develop 
qualified researchers with knowledge of 
high-performance computing.

“And even in our Global 30 (G30) study 
program for overseas students, who can 
only attend classes and obtain credits 
in English, we are planning to conduct 
classes on supercomputers such as COMA 

and HA-PACS directed at these overseas 
students in order to offer advanced educa-
tional services,” Boku said.

“In the Center for Computational Sciences, 
we plan to continue to use COMA in vari-
ous fields of research and study the per-
formance of many-core processors to gain 
know-how and knowledge to help achieve 
high-performance computing,” Boku 
continued. “In addition, we are planning to 
continue with research and performance 
evaluation to achieve the planned launch 
in 2105 of a supercomputer using a many-
core processor, to be jointly operated by 
the Center for Computational Sciences 
and the Information Technology Center, 
University of Tokyo.”

Intel will continue to work with the Center 
for Computational Sciences to support the 
development of interdisciplinary compu-
tational science based on the performance 
of the Intel Xeon processor and Intel Xeon 
Phi coprocessor.

Find the solution that’s right for  
your organization. Contact your Intel  
representative, visit Intel’s Business  
Success Stories for IT Managers, or explore  
the Intel.com IT Center.
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