
The post K supercomputer of the FLAGSHIP2020 Project under the Ministry of Education, Culture, Sports, Science, 
and Technology began in 2014 and RIKEN has been appointed as the main organization for development. Our 
development policies can be summarized as follows:

FLAGSHIP 2020 Project

Schedule

RIKEN Advanced Institute for Computational Science

Supercomputer DevelopmentSupercomputer Development
(Post K Supercomputer)(Post K Supercomputer)
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Exploratory challenges (4 challenges)
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System Software Development Team
Architecture Development Team
Application Development Team
Co-Design Team
→See “Overview of the Post K Supercomputer 
      Project Development Activities”

→See “Social and Scientific Priority Issues to be
             Tackled by Using Post K Supercomputer”

Co-designCo-design

Hardware / ArchitectureHardware / Architecture
node architecture (#core, #SIMD, etc...)
cache (size and bandwidth)
network (topologies, latency and bandwidth)
memory technologies 
specialized hardware
#nodes
storage and file systems
system configurations

System SoftwareSystem Software
operating system for many core architecture
communication and file I/O libraries
programming model and languages

Algorithms and Mathematics LibrariesAlgorithms and Mathematics Libraries
dense and sparse solvers
eigen solvers 
domain-specific libraries and frameworks

Research institutes and universities which in 
charge of development applications for following 
social and scientific priority issues

Group I : Applications that impact on the hardware design   Group II : Other applications

SystemSystem

Co-design

G
roup I

G
roup II

Basic Design Design and Implementation Manufacturing, Installation,
and Tuning Operation

1st Phase :

1st Phase :

2nd Phase :

Continue tuning of the target applications
with the aim to improve performance

Producing social and scientific results!
Producing social and scientific results!
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ApplicationApplication Preparation Research and Study Implementation

Co-design of architectural 
design parameters of CPU 
and interconnect itemized in 
the above co-design list

Co-design of system 
software components used 
in communication libraries 
and I/O system

Co-design of the compiler, system 
software, programming environment, 
and libraries using results obtained 
from co-design in the 1st Phase.
Improve the execution performance 
for applications considering the 
architecture selected in the basic 
design. 

Developing the world’s most advanced supercomputer as the successor to the K computer with the aim for 
launching operations in 2020
Co-designing the system with the world’s top-level applications in order to solve important social and 
scientific problems
Developing new technologies and promoting international standardization of software and mini-applications 
through strategic international collaborations
Installing the post K machine at AICS in Kobe to enable maximum use of the facilities, technologies, human 
resources, and applications established with the K

Post K Supercomputer of
FLAGSHIP 2020 Project



Priority Issues (9 Issues)

Exploratory Challenges (4 Challenges)

             Innovative Drug 
      Discovery Infrastructure 
   through Functional Control 
      of Biomolecular Systems

 Integrated 
Computational 
Life Science to

Support Personalized and 
Preventive Medicine

I. III.II.  Development of 
Integrated Simulation 

Systems for Hazard and 
Disaster Induced by 

Earthquake and Tsunami
Develop an integrated simulation system 
for hazard and disaster which are induced 
by earthquake and tsunami and are not 
estimated based on past experiences, by 
improving and strengthening a package of 
related analysis methods. The system is to 
   be implemented in disaster management 
       systems of the Cabinet 
            Office and local 
                 governments, 
                     etc.

IV.  Advancement of 
Meteorological and 

Global Environmental 
Predictions Utilizing 

Observational “Big Data”
Build an infrastructure for a system that 
employs model calculations incorporating 
observational “Big Data” to accurately predict 
localized torrential rain, tornados, typhoons 
etc. and that also monitors and projects 
impacts of environmental changes due to
    human activity, in order to 
        contribute to 
           environmental policy, 
               disaster prevention 
                  and health 

V.  Development of 
New Fundamental 

Technologies for High-
Efficiency Energy Creation, 
Conversion/Storage and Use
Develop new fundamental technologies 
to resolve energy-related problem, and 
perform full-system simulations at the 
molecular level for complicated real-world 
complex systems to explain the entire 
process of high-efficiency energy creation, 
      conversion/storage and use in 
        coordination with experimentation.

VI.  Accelerated 
Development of 

Innovative Clean 
Energy Systems

Subject the complex physical phenomena 
that form the core of energy systems to 
first-principles analysis to predict their 
occurrence and explicate their 
comprehensive behavior for accelerating 
the practical application of innovative and 
clean energy systems that have ultra-high
  efficiency and low environmental impact.

IX.             Elucidation of 
       the Fundamental Laws 
  and Evolution of the Universe

Realize precise calculations of the 
phenomena over wide range of scales 
from elementary particles to the universe.  
Combining with the data from large-scale 
experiments and obser-
vations, they play crucial 
roles to address the 
remaining problems in the 
    history of the universe 
        that extend across 
            particle, nuclear 
               and astro 
                   physics.

VIII.  Development of 
Innovative Design 

and Production Processes 
that Lead the Way for the 
Manufacturing Industry 

in the Near Future
Conduct research and development for innovative 
design techniques, where the product concept is 
quantitatively assessed at the initial stage and 
optimization is performed. By implementing 
innovative manufacturing processes that reduce 
costs and by performing ultra-high speed
   integration simulations, both of which form 
      the core of the research and development
          efforts, high value-
              added product 
                 development can
                    be  achieved.

VII.
Creation of New 

Functional Devices 
and High-Performance 

Materials to Support 
Next-Generation Industries

Accelerate the development of electronics 
technologies, structural materials, functional 
chemical products etc. that have great 
international competitiveness, through 
coordination with large-scale  massively 
parallel computing and the  analysis of “Big 
   Data” and data from measurement and 
      experimentation, in order to create
          devices and materials to support
                             next-generation 
                              industries.

Health and 
Longevity

Energy 
Problem

Enhancement 
of Industrial 
Competitiveness

Development of 
Basic Science

（C)NAOJ

Frontiers of basic science: challenge to the limits
Construction of models for interaction among multiple socioeconomic
Elucidation of the birth of exoplanets (Second Earths) and the 
environmental variations of planets in the solar system
Elucidation of how neural networks realize thinking and its application to 
artificial intelligence

Disaster Prevention 
and Global Climate

 Problem

Exploit large-scale analysis of healthcare 
and medical “Big Data” and biomedical 
simulations (heart, brain and nervous 
system etc.) on the basis of optimal 
models obtained using these data, in 
order to support medicine 
  tailored to each individual 
      and preventive 
          medicine that can 
             extend healthy 
                life expectancy.

Develop ultra-high speed molecular 
simulations to achieve not only functional 
inhibition but also functional control of many

biomolecules 
including factors 
that cause side-
effects, in order to 
discover safe 
and highly
effective 
drugs.

Social and Scientific
Priority Issues
to be Tackled by Using
Post K Supercomputer







Co-Design Team

Why we need co-design? Development of Post-K computer

Team Leader
Junichiro Makino

We are in charge of ``co-design’’ of the hardware, the system soŌware, and the 
applicaƟon soŌware for the post-K supercomputer.

-SoŌware for co design

find it difficult to make 
the general-purpose 
processor that  execute 
any program opƟmally.

find it difficult to learn 
details of hardware 
features to write fast 
programs.

Modern processors are complicate system with
・Many processor, many cores, long SIMD
・Complicated memory & communicaƟon structure

Therefore, we need to design and opƟmize  
hardware and soŌware together.

 That’s co-design!!

●IniƟal Phase (2014-2015):
Analyse applicaƟon performance, locate 

boƩleneck
→ Co-improvement of hardware and 
applicaƟon soŌware

●Late Phase (2015-):
More improvement on applicaƟons

We design and develop applicaƟon frameworks 
and domain specific languages (DSLs) to help 
HPC users implement advanced algorithms.

That’s our
Mission!!

● FDPS

● FormuraHardware makers alone... Programmers alone...

(c)Autopilot CC BY-SA wikipedia.org

Facom VP-100 (1982) The K computer (2012-)

(c) Easy Management, Inc. Fujitsu Limited

SimulaƟon of large-scale cosmic 
structure formaƟon, using FDPS.

FDPS is available at h ps://github.com/FDPS/FDPS !!
(For more detail, see Iwasawa et al., 2016, preprint [arXiv:1601.03138])

... is a library for massively 
parallel parƟcle simulaƟons. 
Users only need to program 
parƟcle interacƟons and do not 
need to parallelize the code 
with MPI. FDPS generates a 
parallel code that scales up to 
the K computer using highly-
opƟmized communicaƟonalgorithms.
Now, FDPS supports GPU clusters. 

... Is a domain specific language that provides 
access to opƟmized stencil computaƟons. Higher-
order integraƟon schemes can be defined using 
mathemaƟcal notaƟons. 
Formura generates C code with MPI calls, and 

realizes portable performance via automated 
tuning. Formura have been applied to 
magnetohydrodynamics (MHD) and belowground 
biology simulaƟons. For the laƩer, scaling up to 
the full nodes of the K computer, with 1.157 
Pflops, 11.06% floaƟng-point operaƟon efficiency, 
is demonstrated.

available at h ps://github.com/nushio3/formura

Vacuum tube module of 
IBM 700 Series (1953-)

ground biology simulaƟon using (↑) The below- Formura. 
() Close -up of the white box
(↓) The source code for this simulaƟon
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