
SC16

2016 11 13 18

SC16 (The International Conference for High Performance

Computing, Networking, Storage and Analysis) (HPC)

SC16

1

SC16

2002 SC16 Salt Palace

Convention Center SC12

SC SC12 SC

SC12

Light rail

Light rail

1 SC16 (Calvin L. Rampton Salt Palace Convention Center)

2 SC-XY

Supercomputing-XY(XY ) 1997

SC-XY 1988 1

11 Supercomputing-88

1
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28

BoF(Birds of a Feather:

)

81 12 138

37 37 12 55 BoF

SC16 ( ) 11,100

349 44

25 120

3

ITC/JCAHPC, The University of Tokyo

JCAHPC

HPC

(JCAHPC)

CCS/JCAHPC, University of Tsukuba

Oakforest-PACS

Oakforest-PACS TOP500

4

SC

JCAHPC 12 Oakforest-PACS

Top500 (http://www.top500.org/) LINPACK

1993 6 ISC SC 2

Top500 Top5

41 (2013 6 ) Top4

5 NERSC Cori 6 JCAHPC

Oakforest-PACS 2 Intel Xeon Phi

( Knights Landing)

2011 6

Top500 109 171

199 171

2

スーパーコンピューティングニュース� Vol.�19,�No.�1　2017- 26 -



2 1 ( )

37 27

Top100 40 8

10

JCAHPC Oakforest-PACS

(6 ) Camphor 2 (33 )

Reedbush-U (361 ) 3 Oakleaf-FX

104 1PFLOPS 117

Top500 LINPACK Green500

(http://www.gree500.org/) Green500 Pezy Computing

3 NVIDIA GPU(Pascal )

DGX SATURNV GPU Tesla

P100 Top500 3.307PFLOPS 28

2 Piz Daint P100 9.779PFLOPS Top500

8 DGX SATURNV 9462.1 MFLOPS/W

1ExaFlops 106MW

(40MW ) ExaFlops

1 Shoubu( ) 3

Green500 NVIDA GPU

Intel

3
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3 2 ( ITC/JCAHPC, The University of Tokyo

)

QPACE3 5 (5806.3MFLOPS/W) Oakforest-PACS

6 (4985.7MFLOPS/W) Top10 5

Top500 LINPACK

LINPACK

LINPACK

HPCG (High Performance Conjugate

Gradients, https://software.sandia.gov/hpcg/) 2013

HPCG

LINPACK

30

HPCG 2014 ISC SC (2016 6 )

1 Tianhe-2 2 3 Sunway TaihuLight

1

4
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3 2 ( ITC/JCAHPC, The University of Tokyo

)

QPACE3 5 (5806.3MFLOPS/W) Oakforest-PACS

6 (4985.7MFLOPS/W) Top10 5

Top500 LINPACK

LINPACK

LINPACK

HPCG (High Performance Conjugate

Gradients, https://software.sandia.gov/hpcg/) 2013

HPCG

LINPACK

30

HPCG 2014 ISC SC (2016 6 )

1 Tianhe-2 2 3 Sunway TaihuLight

1

4



Oakforest-PACS Sunway TaihuLight 3 HPCG LINPACK

1% 3% Top500 7

5.30% Top500 1 Sunway TaihuLight

0.40% HPCG Top500 (LINPACK)

HPCG Oakforest-PACS 3 Web

*1 *2

4 HPCG BoF

Graph500 (http://www.graph500.org/) Top5

6 Graph500 Top500

Knigths Landing Pascal

5

5.1 An Ephemeral Burst-Buffer File System for Scientific Applications by Teng Wang,

Kathryn Mohror, Adam Moody, Kento Sato, and Weikuan Yu

Florida State University Lawrence Livermore National Laboratory “An

Ephemeral Burst-Buffer File System for Scientific Applications” Burst-Buffer

I/O

I/O (1)

(2)

: I/O

Burst-Buffer BurstFS

SSD

SSD

*1 Oakforest-PACS http://www.cc.u-tokyo.ac.jp/system/ofp/release-20161118.html

*2 HPCG http://www.cc.u-tokyo.ac.jp/system/ofp/KN_HPCG-3.pdf

5
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A00 A01

A10 A11

B00 B01

B10 B11

C00 C01

C10 C11

+ =

5

MDHIM

range query MDHIM

MDHIM N-1 write

1 1024 64

OrangeFS

8

Oakforest-PACS Burst-Buffer

5.2 Strassen’s Algorithm Reloaded by Jianyu Huang, Tyler M. Smith, Greg M. Henry,

Robert A. van de Geijn

The University of Texas at Austin “Strassen’s Algorithm Reloaded”

n× n A,B C+ = AB Θ(n3)

Strassen Θ(nlog 7) ≈ Θ(n2.807) 1969

A,B,C n/2× n/2 5

�
1 M0 = (A00 + A11) (B00 + B11); C00 += M0; C11 += M0;
2 M1 = (A10 + A11) B00; C10 += M1; C11 = M1;
3 M2 = A00 (B01 B11); C01 += M2; C11 += M2;
4 M3 = A11 (B10 B00); C00 += M3; C10 += M3;
5 M4 = (A00 + A01) B11; C01 += M4; C00 = M4;
6 M5 = (A10 A00) (B00 + B01); C11 += M5;
7 M6 = (A01 A11) (B10 + B11); C00 += M6;

6 Strassen

n× n n/2 × n/2 7 (M0 M6

Θ(nlog 7)

n× n n/2 × n/2 8

�
1 for (i = 0; i < 2; i++)
2 for (j = 0; j < 2; j++)
3 for (k = 0; k < 2; k++)
4 Cij += Aik * Bkj;

Θ(nlog 8) = Θ(n3)

6
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Strassen

fmadd

Strassen

Strassen

6 (A00 +

A11), (B00 + B11) M0, M1

(A,B) C

Strassen

conventional wisdom

x86 n ≥ 2000 n ≈ 500

TLB

*3

�
1 M0 = (A00 + A11) (B00 + B11); C00 += M0; C11 += M0;

( + )( + )

M0

C00 C11

n ≈ 500 (BLIS)

5.3 High Performance Emulation of Quantum Circuits by Thomas Häner, Damian

S. Steiger, Mikhail Smelyanskiy, and Matthias Troyer

ETH Zurich, Intel, Microsoft High Performance Emulation of Quantum Circuits

emulate

*3

TLB TLB

7
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“simulation” “emulation”

n n bit 2n

2n 1

1 1

1 2

1 CNOT 2

n

CNOT 1

simulation

NAND

NAND NAND

emulation

Emulation FFT

FFT

FFT emulation simulation FFT

n2/2

FFT

FFT 6 16

FFT

8
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�
1 #pragma dno kernel
2 void func(float ***a, float ***b, ..) {
3 #pragma dno data domName(i, j, k)
4 a, b;
5 #pragma dno timeloop
6 for(int t; t< TIME_MAX;t++) {
7 for(int i; i<NX; i++) {
8 for(int j; i<NY; j++) {
9 ... // comput. not related to a and b

10 for(int k; k<NZ; k++) {
11 a[i][j][k] = c * (b[i-1][j][k] + b[i+1][j][k] + b[i][j][k]+
12 b[i][j+1][k] + b[i][j-1][k]);
13 }
14 }
15 }
16 }
17 }

7 Daino

5.4 Daino: A High-level Framework for Parallel and Efficient AMR on GPUs by

Mohamed Wahib, Naoya Maruyama and Takayuki Aoki

“Daino: A High-level Framework for Parallel and Efficient AMR

on GPUs”

AMR adaptive mesh refinement

AMR

: 7

(pragma) Daino

shallow-water 3

1.9 9.6 AMR

2011

5.5 Merge-based Parallel Sparse Matrix-Vector Multiplication by Duane Merrill and

Michael Garland

NVIDIA “Merge-based Parallel Sparse Matrix-Vector Multiplication”

- - SpMV; y = Ax; x

m- , y n- A

9
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�
1 for (i = 0; i < n; i++)
2 y[i] = 0.0;
3 for each A A_{i,j}
4 y[i] += Ai,j * x[j];

8 SpMV

Ai,j 2

Compressed Sparse Row (CSR)

A values values

row offsets values[row offsets[i]],

values[row offsets[i]+1], ..., values[row offsets[i + 1]] i

colum indices

CSR SpMV

�
1 for (int i = 0; i < n; i++) {
2 y[i] = 0.0;
3 for (int nz = row_offsets[i]; nz < row_offsets[i+1]; nz++) {
4 int j = colum_indices[nz];
5 double a = values[nz]; // a = Ai,j

6 y[i] += a * x[j];
7 }
8 }

9 SpMV CSR

CSR

Intel Math Kernel Library

University of Florida

Coordinate

(COO) — Ai,j (i) (i) (Ai,j) 3 —

COO CSR

CSR

values

row offsets

Web

10
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+

t j

i 0, . . . , t− 1

+ i + j t/T

i + j =
(n + nnz)t

T
. (1)

j i

row offsets[i] ≤ j < row offsets[i + 1]

i + row offsets[i] ≤ (n + nnz)t

T
< i + row offsets[i + 1]

i (1) j

Intel MKL cuSPARSE library

15 20%

11

6

SC17 2017 11 12 17

11
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