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K computer: location




RIKEN AICS and K Computer ]
_ — : - since 2011

= s

.

R e S————— s —

computer area: 10500m?
human area: 9000m?2
cooling machine area: 1900m?

432 cabinets = 864 racks =
82,944computation nodes + 5,184 1/0
nodes 216 disk racks
10.75PFLOPS, main memery

1.27PB, disk 11PB

-




CPU Sparc64 Vllifx 2.0GHz 8 core 128GFLOPS

FIGURE 3-1 SPARCG4 VIIIfx 7' 1 v % [#

22.7mm X 22.6mm 45nm 0.76G transistors 58W I AR S ST T o et AN L
(, ) E_F@ #---T@' 'FR__:‘___ ______ I S
. I J N Y N i S S I
L : : ' Y LA | B
=1 B e N ==
[ l—_§ g ;§§ 2 = [ 4 mul/add pipelines, 16 stages for instruction pipelines
. —— — N L1: 32KB for instructions, 32KB for data 1 line=128B
Core2 | Core 3 Core & | Core 7 L2: 6MB 12way associative, 1line=128B
N J 256 double-precision floating registers
DIMM DIMM Memory: 16GB DDR3-SDRAM 64GB/S€C



102 CPU per rack
24 X 4=96 computation node (=CPU)
+
6 1/0 node (=CPU)

1 cabinet = 2 racks
16 node groups per cabinet ( z axis)

a disk rack (57.6TB) per 2 cabinets 3D+3D cubic network

“Torus Fusion(Tofu)”
24 x 18 x 16 of 2 x 2 x 3 node groups

1 channel: 5GB/s send & receive
10 channel/node = 100GB/s*node

/=BT I—7F

node group



Commercial product of K: FUJITSU PRIMEHPC FX10
CPU: SPARC64 IXfx (236.5GFLOPS)
2 GFLOPS/W
up to 23.2 PFLOPS, 6PB with 98304 nodes

@ ip. fUJItSU com,/solutions/hpc/ |.- oducts/primehpc/
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System Software Research

AICS Laboratories: labs.aics.go.jp

Programming Environment

Team

Team Leader

Research Team

Team Leader

Discrete Event Simulation Computational Molecular

Research Team Science Research Team

Team Leader
Takahito NAKAJIMA

Team Leader
Nobuyasu ITO

Complex Phenomena Unified

Simulation Research Team

HPC Programming Framework

Research Team

Computa

Researct Team Leader Team Leader
Makoto Tsubokura Naoya MARUYAMA

Team Lei /

Seiji YUN

Advanced Visualization

Research Team

Data Assimilation Research Team

Particle ! Team Leader
Team Leader ) )
p . Takemasa Miyoshi
Team Le: Kenji ONO
Junichirc =
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Computational Chemistry

Research Unit

Research Unit Leader

Computational Structural Biology

Research Unit

Unit Leader
Florence TAMA

Computational Disaster Mitigation

and Reduction Research Unit

Unit Leader
Muneo HORI



Flagship 2020 Project

Towards the Next Flagship Machine -

PostT2K FPostK

Arch: Upscale Commodity Flagship Machine
PF Cluster Machine

Fost K Computer
Soft: Technology Path-

Y
1000 Forward Machine RIKEN
Manycore architecture | Manycore architecture
O(10K) nodes O(100K-1M) nodes 9 Universities
100 and National
PuslT2K aboratories
D L. of Tsukuba
. B L. of Tokyo
s *  Postl2K is a production system
operated by both Tsukuba and Tokyo
U. of Tzukuba
1 U. of Tokyo Ihe post K project is to design the next
Kyoto U. flagship system (exascale) and
T2K deploy/install the system for services,
9 Universilies 2020
ﬁ» andhialipoal Labeaiores the project was launched ar 2014
ﬁ 2008 2010 2012 2014 2016 2018 2020



Supercomputer Centers located at Japanese Universities
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Hitachi 3R G0OM1 (172 TF, 22TB) 10+ PF 100 PF

Hﬂkkﬂldﬂ ‘@I Cloud Syst emlhtach[!"‘ECE[)HﬂrTl' 14TC}) 1.5 MW ) 2 MWW

Tohoku R e ] ~1PF ~1PBls. ~2MW  304PF, 30+PBs. ~5.5M\Wima)
HA-PACS (800 TF) 50 DF MW

{Manycore syatem) (/00 :

Post T2K 30+ PF 100+ PF
AW AMW |
0+ FF 3MW

Tsukuba g
T2K Todai (140 TF)

Tokyo “j Fujitsu FX1C (1°Flops, 15 50T 408 TBJs),
Hitachi SR*6000/M1 (549 TF. 10.¢ TiB, 5.376 TH/3]
Tokyo Tech. |
Fujtsu MSOU[E. 81 F, 1| His)
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Post K Computer

around 2020

v CPU
* Many-core with Interconnect interface
integrated on chip
» Power Knob feature for saving power
v Interconnect
 TOFU [mesh/torus network)

|
4
q

\
q
0

1/ :
: ) € 0.0 4 Sl 4 44 4
Co-design may include: Y YV Y VYV Y Y
+ Compute Node SITII e PSS
£
Features Q0000 - QOO
. Y. Y.V.V.V. ey VY V. V. V.Y
*» Cars architecture, S 54 65 S b AAS S P
FP performance OO0+ QOOOO i
* Memory hierarchy, YQOOOO +++ QOOOO( '
5 VoV TS  N— Y e T *  Hierarchical
control, capacity, Lds oL sommmn bss s S : 4 storage System

and bandwidth
»  Netwoerk Performance f"(';‘" v
+ /O Performance o ‘Nog:'” i

2
nMEe

Each CPU node : a few TFLOPS with tens of cores (a few tens GFLOPS per core)
- 1 EFLOPS: afew tens million cores



Project CASSIA
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Job scale on HPC

# of jobs

# operations/job

(102s, RITRIFE10%)

flops/job
(fiopsfliE 108 & {R3E)

# of cores/job
(10Gflops/core & {RE)

framework

job granularity

output data/job

fmRDRA

typical application

social simulation

class A class B class C class D
100 ~ 102 103 ~ 108 106 ~ 109 1010 ~
1019 ~ 107/ 1016 ~ 1014 1013 ~ 1010 109 ~
1018 ~ 1076 101 ~ 10713 1072 ~ 10° 108 ~
108 ~ 106 105 ~ 103 102 ~ 10- 102 ~

capability OACIS CARAVAN capacity

computing xcrypt Map-Reduce computing

MPI3it 5] MPI 51 &Y 37 3SMPEF) BEEL ~IL

-~ 1TB ~ 1GB ~ 1kB ~ 100B

(BFEBIIMB) (BFRTHbEW)
=i | BBorgst| @ it
(HhER 4R REASHLEE) (EEERT. BEED) (BEEHE Y EolHE OFH )
rgplica exchange MC . MCMC
stencil computation | climate iii?milation BENOME sequencing optimization
NJA city traffic metropolitan traffic data driven modeling
trade of single stock whole stock market { machine learning/Al
2 .
& capability capacity -




Our world

physical earth

— geology, geography, =
climate, ...

social earth
human and life activities

transportation
economic activity
social relationfs

Social
interaction =
VYmax=5, parallel update Vmax=<5, parallel update events

Dynamics Dynamics Network-level
of ties of groups dynamics




Social Simulation - Social Physics Lambert Adolphe Jacques Quételet

(1796 Feb. 22 — 1874 Feb. 17)
SUR LHOMME

Y L

DEVELOPPEMENT DE SES FACULTES,

E
£
|
:
z
g

ESSAI DE PHYSIQUE SOCIALE:

PAR A. QUETELET,
Seerdtuire perpétuel de FAcademie royale de Bruxelles, Correspondant A ¥
. . v ¥ » 4 v, 5
Plnstitut de France |, de la Société royale astronomique de Londres , e o4

\cadémies royales de Berlin, de Turiun, cte

ITOME PREMIER

simulation
“big” data mining
machine learning(Al)...
PARIS.
BACHELIER, IMPRIMEUR-LIBRAIRL, - Traffic flow (1980~)
i e Econophysics (1995~)
Sociophysics (2000~) ...

PR
1835



Huge degree of freedom
Non-analytic, discrete models

/N

Social Physics

/ \
L. )
Not established Hard, but not impossible
No principle, phenomenological (cf cosmology)
Not unique Limited number of sample
Context dependent
In addition, social system is ANaAVEFRL=
not stationary, not optimal, .
and comprises with © BT VAR

VIO I TRFE

hysteresis, o -
Y INDA—RIEEH

various inconsistent fitnessfunction.



space (road) space (road)

time

Big success
of dynamical treatment of cars,
or other sociological phenomena

using agent type models.

than v,,,, the speed is advanced by one (v =v +1).

(2) Slowing down (due to other cars). If the distance d Schreckenbt.erg,
to the next car ahead is not larger than v (d <v), the A-Schadschneider,
speed is reduced tod —1 (v =d —1). K. Nagel and N. lto,

(3) Randomization. With probability p, the velocity of Phys. Rev. E51 (1995)
a vehicle (if greater than zero) is decreased by one 2939
(v=v—1).

(4) Car motion. Each vehicle is advanced v sites.
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Number of crossings
in 2’30” square

Road network in Japan

10000

Crossing.dat 326. 2MByte =
Road.dat 490. 8MByte 5

tIIy about 900MByte

Map.ps
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Traffic simulation on road network in Japan on the K computer

Strong scaling 5000
(up to quarter nodes)
Open Street Map
Crossing Count: 5,887,609

Road Count: 8,143,352 200 ——SimB ]
total length: 1,284,452 Km —=- MPIEFfi]
Zir gtgr;\ber: 11,775,218 o b SV GRS
=v.vlsecC
=<2 7A4 JLEEHE

for 100 sec(10,000steps)
- 2,0736 ndoes:
elapse for car movement11.5 sec 5 . . .
( including MPI 8.3 sec) 50 500 5000 50000
initialization: file I/0: 51 — 52 sec

Number of  Simulation g (5)  Preprocessing pq gy  Ubdatospeed  speed per g gy gy Memory per
81 2122.727044 92.282358 104.106949 51.497063 55.472125 0.684841049 2239 2596.4
324 561.679519 69.120104 74.593487 51.609969 209.643001 0.647046299 651 1540.4
1296 139.1762 30.541476 67.608539 52.926513 846.065493 0.652828313 212 1284.4
5184 22.183964 10.024689 67.302202 52.005345 5307.986367 1.023917123 117 1220.4

20736 11.521264 8.288863 66.103649 52.835504 10220.42196 0.492883003 192 1252.4



Global road network




Traffic simulation of glgbal road network

Strong scaling on the K computer
(up to quarter nodes)
Open Street Map
Crossing Count: 79,441,144
Road Count: 104,743,486
total length: 30,887,952Km
car number: 100,000,000

At=0.01sec
for 100 sec(10,000steps)

- 20,736 ndoes:
elapse for car movement 116 sec
(including MPI 41 sec)
initialization: file 1/0: 561 sec

The K computer realizes realtime simulation of global traffic.
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MATES on OACIS
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Optimizer
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GA

Mates Population

— Parameter
. dt 1 dt 2 L dt1 [ dt2 |
_ Output [ dta [ dt2 | [ded 1 de2 ]
chromosomes

* Average vehicle distance
GA

— Population

- chromosome (a1 [ dt2 |
* Realvalue vector et et [ de1 | dt2 |
— Fitness chromosomes

* Minimize "verage vehicle distance”
— Operation

cosoverpont [ GEEINGEE |\ [TOCT G

+ mutaton CEETTEEE ) 2




B 7ILT) X L
(Genetic Algorithm)

Population
L dt1 | dt2 |
[ de1 [ dt2 |[dea 1 de2 ]
< chromosomes Children
rossover A
[ dt 1 [dt2]
Selection Ldt1 | dt2 |
/- \ Mutatlon
Lt 1 T dt 2 [ ) NG dt 2 |
\_ » Y,

New Population

< >'
chromosomes




Optimize intervals and timings of signals by a GA

i -
¢ e -EENE -I0M80 AN —EN -JMEGd -GG -MESd -dEEE -1 -iEEC  -e3E 3 matd el man AN I AOOa  dENE G000 AEEE  GEatd  DmGd  NOd MOS0 TR TEGG0  RaGRG  MMOG0  ROOOA  dwa0 1EOSY (DRl DINAd 1IREE PSSO (MG LEGED IES LOad (O (NG 1MW) 18330 DRGSO I TENEE ITNE3D iR3NA
T
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ssaaaaaaaaaasssiiiiﬂ&iiiiiiEEH!!E"Eééssaaaééésis

FHRTEM A1 T 4 A
At.3 T -50000 -45000 -40000 -35000 -30000 -25000 -20000 -1 FEASE TIE, 0
~55000 693.459 4=
\d
~50000 F I hRATEFRE
~45000 681.602 684.514 67 11435Fh 38
BE
~40000 ﬁ c35-3
~35000 & /
~30000 653.868
~25000 645.842
~20000 654.796
~15000 649.141 647.637 652.435 641275 644434 648075
~10000 656.404
~5000 651.513 660.664__648.266 660.643 655.304 658.422 668.162
0 649.631 656.796 665.709
5000 653.084 655.376
664.598 663.623 665.793
50 p = 7] e
BEEZ2ODEEATIE, 653406 66183 653.782 644.367
A 662.942 657.826 668.262
e T ER 673.556 657.397 651471 649272 665.083 664.717

VI 667.76 655.24 666.137
10éi 33&1&!5 657.849 664.721 663.335 657.502 677.503

Vi 676.071 672.117




Macroscopic Fundamental Diagram DEH : IR L DX EARYRNT—D (2 K5 HT
Model

m Strongly connected unidirectional
/) graph w/ N vertices and Nggreet edges
< B Ngireet-bin (1 vertex and Ngireet
-~ edges)
: m grid graph w/ N, % IV, vertices
m vehicles go only northward or
eastward

B pcriodic boundary condition

m Vehicle density 0 < p;_.; < 1 and
flow rate 0 < ¢;—,; < 1
on each edge i — j

MERIAN m fundamental diagram on i — j
f1N
- 06 ))r '\\
T os] \ vp if p<p,—1/v
HH \-\'\ {"[Ifj} — . % . i
=l \ w(l —p) otherwise
o -::.:I}_:..::. " os os Hﬂt

et

D w=(1-— pp) T = (11— I,f't’}_l



Mean-field theory of the transition point

(g

0.2 04 06 08

—_

(ggp

022 014 026 028

Pgp)

B .= p,— [FApg, F =05

m Assumption:
m all streets which are initially jammed

become g = 1

m Fraction of initially jammed streets
Po + Apo — Pp

®3(po) = A

m those streets have density
ii\rﬁtrﬂﬂt@.]{:ﬁnj X 1= ips'rﬁtr‘ﬁet‘;?jj(ﬂﬂ)

totally as t — o
m [herefore Nggreeto = Nstreet@7(p0) if

Po = Pe

Py — Ap )
B ). = 1P_ 2/_\“ — pp — .J'j]"..-']FA,U
m Oyr =1 — 2{}13 =04



Macroscopic Fundamental Diagram DEH : IR L DX EARYRNT—D (2 K5 HT

Macroscopic fundamental diagram
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m Geroliminis & Daganzo (2008)

m observation of Yokohama city
m existence of macroscopic fundamental diagram (MFD)

m average flow and density are related by a reproducible curve
m cf.) fundamental diagram in free-way traffic

m What are relevant factors for obtaining MFD?
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Kobe city

R,

o~ %lliPFﬁthfQtha
~/ 2°3

100,000 cars a day

A : 70,000 just passes

/_’ \&/:m KL - “/5’ S from/to East/West
\ L= e 30,000 local

simulation parameters
Highway: 100 Km/h
National Road: 60 Km/h
Local Road: 30 Km/h

Departure

area x range(m) y range(m) |
all (0.00, 11469.73] [0.00, 9308.76] areal | area2 | area3 | aread | areab | areab

real | 250 | 250 | 250 | 8750 | 250 | 250
areal | [9385.50, 11469.80] | [1659.30, 6722.00] | |———1 —— 1 =2 5

| areal | 250 250 250 250 250 250
areaJs [5264.30, 733280] [4055.20, 9308.80 aread | 8750 250 250 250 250 250

|| Farea2 [ 250 | 250 | 250 | 250 | 250 | 250
area2 | [7332.80, 9385.50] | [2785.35, 9308.80]

]

]

aread | [1387.10, 5264.30] | [6188.00, 9308.80 areab | 250 | 250 | 250 | 250 | 250 | 250

areab [0.00, 4900.50] [0.00, 5557.70] areab | 250 250 250 | 250 | 250 | 250

area6 |  [0.00, 1387.10] | [5557.70, 9308.80]

P Table 2 6 K] 720 O HEH7E EHE L 38 area
j""&;\‘**&& D

T. Uchitane and N. Ito, “Applying Factor Analysis to

I areal

—e Describe Urban Scale Vehicfle Traffic Simulation
4 .

5 Results,” (in Japanese) J. Jpn. Measurement and

Control Soc. vol.52 (2016) No.10 p.545-554.



No. J& J7 A area,
1 | &, EiE, FaE W areal,2,3,4 15
2 iR, RiE [iic} areal,2,3,4 JLER
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Perspectives of social simulations with HPC

Roadmap of traffic simulation
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Perspectives of social simulations with HPC

Roadmap of market simulation
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Perspectives of social simulations with HPC

Roadmap of evacuation simulation
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Job scale on HPC
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