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Expected funding and plans beyond NGS	


•  JST CREST (Core Research for Evolutional Science 
and Technology) for “Post-Peta HPC technologies" 
–  http://www.senryaku.jst.go.jp/teian/en/koubo/04-ch2202.html 
–  500-600M JPY(5M USD) for 5-7 years (4-5 B JPY in total)　 

~$40 million total  
–  System software-oriented, NOT hardware 
–  Assume post-petascale architecture 
–  Real Software deliverable pieces required, not just papers 

•  Research for the next of NGS (exascale?) will also be 
conducted in the AICS (Kobe Center). 
–  2 teams currently by Ishikawa and Sato 

•  In the 4th Science and Technology Basic Plan (FY2011-
FY2015) 
–  Now under discussion toward exaflops class HPC technology 
–  Recent turn of events may change priority (green, safety)	




Post Petascale Projects & Organizations 
in Japan	
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~$40mil total,  
$3~5 mil 5 year projects x 10 



Petascale Machines in Japan will 
be arriving fast circa 2012	


•  TSUBAME2.0 (2010Q4, 2.4PF Tokyo Inst. Tech.) 
•  HA-PACS (2011Q4, ~1PF, Univ. Tsukuba) 
•  Univ. Tokyo (2012Q1 ~1PF, non-cluster) 
•  Kyoto-U (2012Q2, 0.7PF?) 
•  KEK (2012, 1.2PF, BG/Q) 
 
•  “Kei” (2012Q1 >10PF, Kobe National Facility) 
•  Most facilities power constrained (worse with 

recent post-disaster power outages) 
•  2014-15 >20 PF “Post-Peta” machines 

–  “Hybrid” Many-Core/Multi-Core Architecture 3 



JST-­‐CREST	
  Post-­‐Petascale	
  First	
  Round	
  
(Started	
  Apr.	
  1,	
  2011)	


•  Parallel System Software for  
Multi-Core and Many-Core (OS)#

•  System Software for Post Petascale Data Intensive 
Science (Data, Filesystem)#

•  Highly Productive, High Performance Application 
Frameworks for Post Petascale Computing 
(Programming, Frameworks)#

•  ppOpen-HPC (Numerical Library)#
•  Development of an Eigen-Supercomputing Engine using 

a Post-Petascale Hierarchical Model (Numerical Library)#

2nd round call due May 17th, to start Oct. 1, 2011#



Parallel System Software for  
Multi-Core and Many-Core 	
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Programming Wall!

Assuming the H/W architecture combining 
multi-core and many-core CPUs will be the 
key technology for the exa-scale computing, 
the OS development for such architecture is 
important.#
Although the architecture combining multi-
core and many-core is an infant technology, 
we shall start R&D for such OS, since the 
software development often takes several 
years.#
The OS R&D will be started with the cluster 
consisting of the compute nodes having 
many-core accelerator.#

Multi-Core CPU#

Many-
Core CPU#

SSD#

Network#

Background and Motivation	


Team Leader:#
#Atsushi HORI, RIKEN/AICS	




Parallel System Software for  
Multi-Core and Many-Core 	


Fault#

•  Research Topics#
–  Many-Core OS Kernel#
–  Communication and I/O#
–  Light-Weight Thread Lib.#
–  Fault Resilience Infrastructure#

•  Outcome#
–  Integrated Software Package#

Free and open source#
•  Research Groups#

–  RIKEN/AICS#
–  Tokyo Univ. of Agriculture and Technology#
–  Kinki Univ.#
–  ORNL#

#

Multi-Core

Many-Core

Linux + !
Many-Core Comm. +!
Many-Core Resource Management

Support Linux API!
"""Rich functions are processed !
   by Multi-Core

Inter-Kernel!
Communication

(1) Multi-Core only apps!
    Data intensive apps

(2) Many-Core only apps!
    Number crunching apps

Needs on computation 
and I/O power

(3) Apps utilizing both



System	
  SoBware	
  for	
  Post	
  Petascale	
  Data	
  
Intensive	
  Science	


•  ObjecKve	
  
–  Develop	
  scale-­‐out	
  file	
  system	
  architecture	
  and	
  soBware	
  
–  Target	
  snapshot,	
  1	
  Exabyte,	
  100	
  TB/s,	
  five	
  years	
  later	
  

•  Research	
  topics	
  
–  Distributed	
  file	
  system	
  

•  I/O	
  performance	
  scale-­‐out	
  to	
  tens	
  of	
  thousands	
  I/O	
  servers	
  by	
  
uKlizing	
  access	
  locality	
  

•  Metadata	
  server	
  clustering	
  to	
  scale	
  the	
  metadata	
  performance	
  
out	
  

–  Compute	
  node	
  OS	
  
•  File	
  system	
  kernel	
  driver,	
  client	
  caching,	
  operaKon	
  offload	
  to	
  

surplus	
  cores	
  
–  RunKme	
  for	
  Data-­‐Intensive	
  CompuKng	
  

•  Efficient	
  runKme	
  of	
  workflow	
  execuKon,	
  MapReduce,	
  and	
  MPI-­‐
IO	
  for	
  the	
  scale-­‐out	
  distributed	
  file	
  system	
  

Co-­‐PI	
 Ins(tute	


Osamu	
  Tatebe	
 University	
  of	
  Tsukuba	
 Project	
  Leader	


Yoshihiro	
  Oyama	
 University	
  of	
  Electro-­‐CommunicaKons	




Target	
  Scale-­‐out	
  Storage	
  Architecture	


•  5	
  years	
  later	
  snapshot	
  
•  Non-­‐uniform	
  but	
  

scale-­‐out	
  storage	
  
•  Develop	
  system	
  

soBware	
  stacks	
  to	
  
achieve	
  maximum	
  I/O	
  
performance	
  for	
  data-­‐
intensive	
  science	


CPU	
  （2	
  sockets	
  
x2.0GHzx16	
  
coresx32FPU）	


memory	
chipset	


16TB	
  
local	
  

storage	


12	
  Gbps	
  SAS	
  x	
  16	


x	
  16	


19.2	
  GB/s,	
  256	
  TB	


x	
  500	


Metadata	
  server	


x	
  10	


9.6	
  TB/s,	
  128	
  PB	

96	
  TB/s,	
  1.28	
  EB	


Infiniband	
  HDR	

32	
  GB/s	
 x	
  2	




Highly Productive, High 
Performance Application 

Frameworks for Post Petascale 
Computing	


　Naoya	
  Maruyama,	
  Tokyo	
  Tech	
  (PI)	
  
Takayuki	
  Aoki,	
  Tokyo	
  Tech	
  (Co	
  PI)	
  
Kenjiro	
  Taura,	
  U-­‐Tokyo	
  (Co	
  PI)	
  
Kenji	
  Yasuoka,	
  Keio	
  (Co	
  PI)	




Project Overview	

Emergence	
  of	
  large-­‐scale	
  heterogeneous	
  
supercomputers	
  à	
  Low	
  producKvity	
  due	
  to	
  lack	
  of	
  
programming	
  model	
  

Domain-­‐specific	
  applicaKon	
  frameworks	
  for	
  post	
  
peta-­‐scale	
  systems	
  that	
  address:	
  
1.  ProducKvity：	
  Auto-­‐parallelizaKon	
  and	
  global	
  memory	
  
2.  Performance：	
  Comparable	
  to	
  manually	
  tuned	
  code	
  
3.  Resilience：	
  Transparent	
  and	
  ultra-­‐fast	
  checkpoinKng	
  
4.  Power	
  efficiency：	
  Hardware-­‐soBware	
  cooperaKve	
  

power	
  management	

à	
  DemonstraKon	
  using	
  TSUBAME3	
  by	
  developing	
  
frameworks	
  for	
  CFD	
  and	
  MD	
  



Climate	


Framework	
  Overview	
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CHARMM	
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Domain-­‐Specific	
  Programming	
  Model	
  for	
  
Heterogeneous	
  Supercomputer	


!u
!t
+u "#u = $ 1

!
#P $ 2%&u$%& (%& r)+ g+F

Modeling＆	
  discreKzaKon	
   SequenKal	
  code	
  

•  CPU/GPU	
  hybrid	
  
programming	
  

•  Memory	
  hierarchy	
  
opKmizaKon	
  

•  Scalability	
  
opKmizaKon	
  by	
  
overlapping	
  
communicaKon	
  and	
  
computaKon	
  

•  ….	
  

Domain-­‐Specific	
  
Language	
  

•  DeclaraKve	
  
•  Portable	
  
•  Shared	
  memory	
  model	

•  SequenKal	
  execuKon	
  
model	
  

Backend	
  
•  AutomaKc	
  
parallelizaKon	
  

•  Model-­‐based	
  
performance	
  and	
  power	
  
opKmizaKon	
  

•  Auto-­‐tuning-­‐based	
  
opKmizaKon	


•  Hybrid	
  code	
  

Run(me	
  
•  Fault	
  tolerance	
  
(checkpoinKng)	
  

•  Model	
  refinement	
  
with	
  runKme	
  
informaKon	
  

•  Further	
  auto	
  tuning	
  



ppOpen-­‐HPC	
  (1/2)	

•  Open	
  Source	
  Infrastructure	
  

•  for	
  development	
  &	
  execuKon	
  of	
  
opKmized	
  &	
  reliable	
  codes	
  

•  on	
  post-­‐peta	
  (pp)	
  scale	
  system	
  with	
  
heterogeneous	
  compuKng	
  nodes	
  
–  MulKcore	
  CPU’s	
  +	
  Accelerators	
  (e.g.	
  

GPGPU	
  and/or	
  Manycores	
  etc.)	
  	
  
•  Groups	
  of	
  Libraries,	
  Tools	
  etc.	
  for	
  
various	
  types	
  of	
  procedures	
  in	
  
scienKfic	
  computaKons.	
  	
  

IESP-­‐201104	
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FT

FDMFEM BEM DEM

COMM

ppOpen-APPL

MGppOpen-MATH

ppOpen-SYS

GRAPH VIS MP

FVM

iippOpen-AT STATIC DYNAMIC

ppOpen-HPC

User’s Program

Optimized Application with 
Optimized ppOpen-APPL, ppOpen-MATH

FEM
Finite	
  Element	
  Method

FVM
Finite	
  Volume	
  Method

BEM
Boundary	
  Element	
  Method

FDM
Finite	
  Difference	
  Method

DEM
Discrete	
  Element	
  Method

•  ppOpen-­‐APPL	
  
–  FEM,	
  FDM,	
  FVM,	
  BEM,	
  DEM	
  
–  Linear	
  Solvers,	
  Matrix	
  Assembling,	
  	
  
–  I/O,	
  AMR/DLB	
  

•  ppOpen-­‐MATH	
  
–  MG,	
  Graph	
  op’s,	
  VisualizaKon,	
  Coupling	
  

•  ppOpen-­‐AT	
  (Autotuning)	
  	
  
–  StaKc,	
  Dynamic	
  

•  ppOpen-­‐SYS	
  
–  Node-­‐to-­‐node	
  comm.,	
  Fault	
  Tolerance	
  



ppOpen-­‐HPC	
  (2/2)	

•  Features/Goals	
  of	
  ppOpen-­‐HPC	
  

•  Source	
  code	
  developed	
  on	
  a	
  PC	
  with	
  a	
  single	
  processor	
  by	
  
FORTRAN/C	
  is	
  linked	
  with	
  these	
  libraries,	
  and	
  generated	
  parallel	
  
code	
  is	
  opKmized	
  for	
  post-­‐peta	
  scale	
  system.	
  
–  CUDA,	
  OpenGL	
  etc.	
  are	
  hidden	
  from	
  applicaKon	
  developers	
  

•  AutomaKc	
  tuning	
  (AT)	
  enables	
  smooth	
  and	
  easy	
  shiB	
  to	
  further	
  
development	
  on	
  new/future	
  architectures	
  through	
  ppOpen-­‐AT	
  
–  DirecKve-­‐based	
  special	
  AT	
  language	
  (e.g.	
  ABCLibscript)	
  for	
  specific	
  

procedures	
  in	
  scienKfic	
  compuKng,	
  focused	
  on	
  opKmum	
  memory	
  access	
  	
  	
  
•  Co-­‐Design	
  by	
  Computer/ComputaKonal	
  Sciences,	
  Numerical	
  

Libraries/Algorithms	
  (P.I.:	
  Kengo	
  Nakajima	
  (ITC/Univ.	
  Tokyo))	
  
–  4	
  insKtutes	
  of	
  Univ.	
  Tokyo	
  (ITC,	
  AORI,	
  CIDIR,	
  RACE),	
  Kyoto	
  U.	
  &	
  JAMSTEC	
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#pragma ABCLib install unroll (i,j,k) region start
#pragma ABCLib name MyMatMul
#pragma ABCLib varied (i,j,k) from 1 to 4

for(i = 0 ; i < n ; i++){
for(j = 0 ; j < n ; j++){
for(k = 0 ; k < n ; k++){

A[i][j] = A[i][j] + B[i][k] * C[k][j];
} } }

#pragma ABCLib install unroll (i,j,k) region end

•  Related	
  Works	
  
•  Component	
  –based	
  frameworks	
  
•  GeoFEM,	
  HPC-­‐MW,	
  Sphere,	
  

OpenMM	
  
•  InternaKonal	
  ContribuKons	
  

•  HMC	
  (Hybrid	
  MulKcore	
  
ConsorKum)	
  

•  IESP	
  



Development	
  of	
  an	
  Eigen-­‐Supercompu(ng	
  Engine	
  
using	
  a	
  Post-­‐Petascale	
  Hierarchical	
  Model	
  
	
  
�
Project	
  Leader:	
  Tetsuya	
  Sakurai	
  (University	
  of	
  Tsukuba) �
Core	
  Member:	
  Toshiyuki	
  Imamura	
  (University	
  of	
  Electro-­‐CommunicaKons),	
  	
  
Zhang	
  Shao-­‐liang	
  (Nagoya	
  University),	
  Yusaku	
  Yamamoto	
  (Kobe	
  University),	
  	
  
Yoshinobu	
  Kuramashi	
  (University	
  of	
  Tsukuba),	
  Takeo	
  Hoshi	
  (Tooori	
  
University)	
   �
The	
  aim	
  of	
  this	
  research	
  is	
  to	
  develop	
  a	
  massively	
  parallel	
  eigenvalue	
  analysis	
  
engine	
  taking	
  advantage	
  of	
  a	
  hierarchical	
  computer	
  structure	
  which	
  is	
  a	
  
defining	
  characterisKc	
  of	
  a	
  post-­‐petascale	
  machine.	
  	
  

Development �

Robust	
  linear	
  solvers�
Performance	
  modeling	
  

Usage	
  techniques	
  for	
  
pracKcal	
  applicaKons �

Auto-­‐tuning�

Large	
  data	
  processing�
Middle	
  ware�

Modeling�

Nanomaterials	
  

Drug	
  design	
  

Green	
  technology	
  

Opto-­‐electronics	
  

Elementary	
  parKcle	
  	
  
simulaKon	
  
	
  	
  	
  .	
  .	
  .	
  .	
  . �

Mining,	
  VisualizaKon �
Post-­‐petascale	
  
simula(ons�

Eigen-­‐	
  
Supercompu(ng	
  	
  

Engine �

Compiler �Fault	
  tolerance	
  

ImplementaKon	
  for	
  GPU	
  
and	
  many	
  cores �

Hierarchical	
  parallel	
  	
  
algorithms �



Hierarchical	
  Parallel	
  Algorithms	
  for	
  Eigenvalue	
  
Problems	
  
	
  
	


Cluster	
  compuKng	
  nodes	
  and	
  cores	
  according	
  to	
  hierarchical	
  structures	
  of	
  the	
  
algorithms	
  	
  	


Ø  Design	
  hierarchical	
  parallel	
  algorithms	
  which	
  fully	
  leverage	
  performance	
  of	
  post-­‐
petascale	
  architectures.	
  

Ø  Develop	
  soBware	
  with	
  high	
  performance/scalability/portability/reliability.	
  
Ø  Construct	
  performance	
  models	
  to	
  predict	
  performance	
  on	
  post-­‐petascale	
  machines.	
  
Ø  In	
  collaboraKon	
  with	
  researchers	
  in	
  fundamental	
  sciences	
  and	
  nano-­‐material	
  science.	
  

Dense	
  matrix:	
  Recursive	
  formulaKon	
  of	
  
the	
  tridiagonalizaKon	
  algorithm	
  based	
  
on	
  matrix-­‐matrix	
  mulKplicaKon	


Sparse	
  matrix:	
  LocalizaKon	
  of	
  fine-­‐grained	
  	
  
communicaKon	
  by	
  using	
  filtering	
  of	
  
eigenspaces	
  based	
  on	
  contour	
  integraKon	
  	


Im 

Re 

Complex	
  plane	
  (eigenspace)	
 Matrix	
  elements	


contour	
  path	


quadrature	
  
points	


parallel	
  linear	
  	
  
solver	


recursive	
  mapping	


CompuKng	
  nodes/cores	




Other	
  Peta/Post	
  Peta	
  SoBware	
  Projects	


•  Univ.	
  Tokyo	
  &	
  U-­‐Tsukuba/AICS:	
  e-­‐Science	
  
(Ishikawa,	
  Sato…)	
  
– XScalableMP,	
  etc.	
  

•  Tokyo	
  Inst.	
  Technology	
  (+NII):	
  JST-­‐CREST	
  Ultra	
  
Low	
  Power	
  HPC	
  +	
  Green	
  SupercompuKng	
  
(Matsuoka)	
  

•  French-­‐Japan	
  JST-­‐ANR	
  (U-­‐Tokyo/Kyoto-­‐U/U-­‐
Tsukuba/Tokyo	
  Tech),	
  G8,	
  …	



