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RIKEN AICS and K Computer
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computer area: 10500m?
human area: 9000m?
- cooling machinearea: 1900m?

432 cabinets = 864 racks =
82,944computation nodes + 5,184 1/0
nodes 216 disk racks
10.75PFLOPS, main memery 1.27PB,
disk 11PB
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Post-K Computer Prototype
CPU Memory Unit
Post-K Computer Prototype
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A64FX Chip Overview

B Architecture Features

Armv8.2-A (AArch64 only)

SVE 512-bit wide SIMD

48 computing cores + 4 assistant cores*®

*All the cores are identical
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Tofu o
<A6[' FX> 28Gbps 2 lanes 10 ports PCle Gen3 16 lanes
7
CMG speclfication A
13 cores
L2$ 8MiB

Mem 8GiB, 256GB/s

Tofu PCle
| controller controller
' N WV ‘

HBM2

32GiB

Tofu 6D Mesh/Torus

28Gbps x 2 lanes x 10 ports
PCle Gen3 16 lanes

B 7nm FinFET

+ 8,786M transistors
+ 594 package signal pins

B Peak Performance (Efficiency)
« >2.7TFLOPS (>90%@DGEMM)
* Memory B/W 1024GB/s (>80% @Stream Triad)

i
3

‘

AG4FX SPARC64 XIfx
(Post-K) (PRIMEHPC FX100)
ISA (Base) Armv8.2-A SPARC-V@
ISA (Extension) SVE HPC-ACE2
Process Node 7nm 20nm
Peak Performance >2.7TFLOPS 1.1TFLOPS
SIMD 512-bit 256-bit
# of Cores 48+4 3242
Memory HBMZ2 HMC
Memory Peak B/W 1024GB/s 240GB/s x2 (in/out)

All Rights Reserved.

Copyrght @ FUJITSU LIMITED 2018




"Wancany
- MR
- Etisen
" 1=Y—0m . g DR
" BN E R0

DYAF L

RRXT I3 D100ED7
30-40 MWOHRR i
HDeep LearningBDANDBEICA R

EVEEV e

TIal—Iavs
E!g ;&5&%06(




p Ol 23av-vavw
ain RCCS FREVES

HPC and ITC, Holy Grail? No, global human ties will be one.

Explosive population > Explosive innovation 7%X10°
7
We cannot design physics, but we can design society.
6
100 y.a
5 2X10°

Population ~ e?at

World population, billions
W

2 1000 y.a.

2X108
10000 years ago 5000 y.a. 2000 y.a.
0 | 5X10° | 107 108
10,000 BC 8000 6000 4000 2000 AD1 1000 2000

from https://ja.wikipedia.org/wiki/ A CURFE




Way to global cooperative society R o gz
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The K computer found
an efficient, defensible and distinguishable strategy
for repeated prisoner’s dilemma game
In three agents with three step memory

Y. Murase and S. K. Baek, J. Theor. Biol. 449 p.94 (2018).
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cccece
ccceed/ccdccc
ccecdc/cdcccc
cceedd/cddcce
ccedec/dcccce
cceded/dcdcce
cceddc/ddcccc
cceddd|/dddccc
ccdecd
ccdcedc/cdcced
ccdedd/cddcced
ccddcc/dccced
ccddced/dcdccd
ccdddc/ddcced
ccdddd/dddccd
cdccdc
cdccdd/cddcdc
cdcdcc/dcccdc
cdcdced|dcdcdc
cdcddc/ddccdc
cdcddd/dddcdc
cddcdd
cdddcc/dcccdd
cdddcd/dcdcdd
cddddc/ddccdd
cddddd|/dddcdd
dccdcc
dccdcd/dcddcc
dccddc/ddcdcc
dccddd/ddddcc
dcddcd
dcdddc/ddcdcd
dcdddd|/ddddcd
ddcddc
ddcddd|/dddddc
dddddd

QA aAaQAAQAN A AQAQAQAAQAN QAN A aQaQaAans aQan Ao aan aan

QA QA QAN O A QAN O A A AQAT QA AaAQAAaAa O 6 QA O QAN o6 QAN o0
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QA QAQA O AQA QAN 0O QA0 AQAQAAn O QAQaQao Ao QAo oo QA o QaQan 9

QAN aQaAaaAT AN AaAaQAQAAaAn QA0 QO QAQAQAQAQAQAQA QA QA QAN

QaaanonoaanoaQaaaaaan QAT an oo Qoo QAo QAaAnn

[ T o N o B = W = W o T = W o N o NN = W o B o B = W = W o B o W o N = W o B S B e B = W = S o I o B w SR « SR o BN = TR o NN o BN « W « S o I o B w B

QA AQAaAaAaT O A AQAAaQAaAn AR AS AN AR 5 aQann

[ O e
Three agent with memory three:

totally 2288 =~5X 1086 strategies
Murase and Baek started from
memory two:

totally 1,099,511,627,776
—defensible 3,483,008
= partially efficient 544
=distinguishable 256

partially successful strategies

Y. Murase and S. K. Baek,
J. Theor. Biol. 449 p.94 (2018)
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Path to cooperative Nash equilibrium with one and two-bit error P
Highly nontrivial! Y R

20

€]

\

%, (44 de.ddco) o
\v / (14cccddc) (62 dd.dd.dc)

~

(17 cd,cc,cd) a
“~. (59 dd,dc,dd)
~
~
~
4

’ \
A ~ . \
e |
> 55 dd,cd,dd
53 dd.cd,cd w .
50 dd,cc.dc 26 cd,dc,dc

56 dd.dc,cc

63 dd,dd,dd

(

|

|

|

|

|

|

| \
| \ :
|

|

|

|

|

|

|

|

|

|

|



PRSI M
RR2VSL




TWO tops p. Ol v3av-vavw

Map Data © fk&t &4t 12> Vo RCCS FRE0SS

L

{1

Factor No.1: 10.3%

Factor No.2: 4.8%

T. Uchitane and N. Ito, "Applying Factor Analysis to Describe Urban Scale Vehicfle Traffic
Simulation Results," (in Japanese) J. Jpn. Measurement and Control Soc. vol.52 (2016) No.10 p.545-554.
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Factor N0.19: 1.2%

Factor No.13: 1.3%

Oom 1000m

T. Uchitane and N. Ito, "Applying Factor Analysis to Describe Urban Scale Vehicfle Traffic
Simulation Results,” (in Japanese) J.Jpn. Measurement and Control Soc. vol.52 (2016) No.10 p.545-554.



%A Number of traffic factors egmuu:
RIKEN ¢ conpurr R

160 I 1 1 1 1 1

140 }

120 ¢

100 ¢

80

60

Number of identified factors

20 7.73816***0.356047 —
.’ 2.56932***0.5
'num_of _factors.dat’ *

0 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500

Number of samples
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Evacuation Simulation from Tsunami attack R
in Kamakuracity in Japan
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How long does the evacuation take?

37=2187
possibilities

Initial distribution:
random



simulation with an pedestrian simulator, CrowdWalk P- Re
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H. Matsushima, T. Uchitane, J. Tsuji, T. Yamashita, N. Ito and I. Noda, "Applying Design of Experiment based Significant Parameter Search
and Reducting Number of Experiment to Analysis of Evacuation Simulation," (in Japanese) Transactions of the Japanese Society for
Artificial Intelligence vol.31 (2016) No.6 p.AG-E 1-9



Evacuation from a Tsunami attack in Nishi-Yodogawa ward in Osaka @ O o | Feavoidy
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Scale
City map: 2933 nodes, 8924 links
' Evacuees: 49276

-
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" Evacuation plan
from 73 area
in each area, i, evacuees are divided into two groups with population ratio x;: 1-x;

via one of 533 check-points

to one of 86 safe places
= search optimal plan in possible

533146 « 86146 « M(number of x; options)= 3.5X10%0 « M(number of x; options) plans
Evaluation with evacuation time vs complexity of evacuation plan
complexity: S=- x;In x;




Evacuation time vs plan complexity @ omi e

RIK:

() Paleto optimal Trade-off line

Evacuation.
time
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evacuation time
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* Nishiyodogawa ward in Osaka city
Wide roads case : use both pedestrian and car zone
Narrow roads case : use pedestrian zone only

wide roads case narrow roads case
350" gen. 100" gen.
i y
300" gen. 200" )
gen / 50" gen.

/ 250m gen. .

evacuation time
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complexity of guidance complexity of guidance




GDP damage from an eqarhquakein Kumamoto on Apr. 16th, 2018
Estimated to be 0.7 trillion JPY/month (8.1 / year)
by Misako Takayasu(Tokyo Inst. Tech., 2016 April 18)
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Damage (Ratio) day 0 GDP damage dynamics estimation

* 1.0-08
* 0806 ‘ after an earthquake

oeos in East Japan on Mar. 11t 2011
0.2-0.0 /

~ by H. Inoue and Y. Fujiwara
W (Hyoto Pref. Univ.)

oy day 15




Damage (Ratio)

* 1.0-08
* 0.8-06
0.6-04
0.4-0.2
0.2-0.0

GDP damage dynamics estimation
after a foreseen earthquake

in South Japan
N by H. Inoue and Y. Fujiwara
Fad el (Hyoto Pref. Univ.)

oy day 15
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Perspectives of social simulations with HPC @ S

Roadmap of traffic simulation

100000 — —r— ————————r— —— ——— —
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10000 |- -
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10 | Tokyo, big event -
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TF. Tokyo, traffic control ;
mil-'l‘i"(‘)n\gily, traffic control S
0.1 F [1PFLOPS day] 2
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Number of jobs
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I Perspectives of social simulations with HPC , .
Roadmap of market simulation
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100000 ———F————T———— 11— — ——————
' .. [1EFLOPS day] [1ZFLOPS day]
— 10000 | e .
9 ! Systemic risk of J
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3 1000 -
0 . ., ~
Q _ “whole Tokyo stock market _
™
- 100 | volatility distortion -
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() .
g 10 | inter-name networks -
g . .
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- tic size
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1 10 100 1K 10K 100K m™ 10M
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I I. Noda, N. Ito, K. Izumi, T. Yamashita, H. Mizuta, T. Kamada,Y. Murase, S. Yoshihama and H. Hattori, in preparation.
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I Perspectives of social simulations with HPC , .

Roadmap of evacuation simulation
'mmo. v L) T, Ll Ll LA | L L L | L L A | L] T L | T ¥ T L L v‘

. [1EFLOPS day] [1ZFLOPS day]
— 10000 | :
2 megalopolis
> - [1PFLOPS day] T commute support
;a; 1000 megacity -
o - .. complex multiple disaster ]
O
| L .
- 100 megacity . .
8 - complex disaster :
2 . .,
g 10 | densely populated zone 3
5 i complex disaster ]
o
5 1 = city zone city zone e -
3 - Tsunami Tsunami and heavy snow -
= - one bullding ‘
© 0.1 | evacuation ™~ e
_ . [1TFLOPS day]
0.01 " N R ..l 2 el " MY | L 1ol R el 2 2
1 10 100 1K 10K 100K i 10M
Number of jobs

I I. Noda, N. Ito, K. Izumi, T. Yamashita, H. Mizuta, T. Kamada,Y. Murase, S. Yoshihama and H. Hattori, in preparation.
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Multiscale Social and Economics SIMlation Project for the Post K computer and beyond (PostK-MultiSESIM)
2016 August~2020 March MEXT Japan

Group A: Macroeconomics Group B: Local economics

Hyogo Pref. Univ. with L
Y. Fuji F. Shoji, RIKEN CCS Tokyo Insti. Tech. cooPeratfon Wl.th
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H. Inoue H I © ¢ ’miyoNti(i) ?VI'Jni M. Takayasu Bar Ilan Univ.
- yeromy, THgara Ve Imperial College London

W. Soma, Nihon Univ.
H. Yoshikawa, Rissyo Univ. Economic activity
M. Arata, RIETI simulator

cooporation with
CMD laboratory
Marche State Univ.
Palermo Univ.

Teikoku Data Bank

Boston Univ Macro GDP simulator —
. Economic crysis analyzer Group C: Finance

Kiel Univ.
. Director Univ. Tokyo with ‘
Group D: Trafflc and CI'OWd RIKEN CCS T. Kamada, Kobe Univ.
AIST wich Nobuyasu ItO cooperation with
I Noda T. Asano, Shonan Inst. Tech. -

H. Hattori, Ritsumeikan Univ.
H. Fuyjii, Univ. Tokyo

Financial market simulator

Cooporation with Group E: Model evaluation
Chiba Univ. Kyoto City

Car-traffic simulator Okayama Pref. NEC Kobe Univ. with
Disaster-evacuation simulator T. Kamihigashi T. Ikegami, Univ. Tokyo
M. Yokokawa N. Ito, Riken CCS

Model evaluation application

Job-execution and management application




Applications for social and economics simulations for Post-K computer
(to be onstage in March 2020) R

macro GDP Economic activity
DSPN in local societ

Disaster Simulator
on Production Networ
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MTiPMMH
ultiple Try Independent Particle
Marginal Metropolis Hastings

With parallel MC
CARAVAN
10° and more

execution and management

OACIS
up to 10°
netw%

MASH
Crowd simulator
in open space

simulator for data assimilation
Plham
Platform for large-scale
and high-frequency
artificial market

Yrtiﬁcial market simulator

AdventureMates
micro traffic simulator

FALCON
Flow Analysis Tools
for Large-Scale
Complex Networks

LS-SAOM
Large-Scale Stochastic

Actor-Oriented Model
flow analyzer on comple

CrowdWalk
Crowd simulator
in road network

PostK-MultiSESIM project 28




