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- the swiftest machine, and giving China bragging rights

Technology
WORLD | U.5. |N.Y./[
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SPORTS OPIND

China Wrests Supercomputer Title From U.S.

By ASHLEE VANCE

Published: October 28, 2010

Q

A Chinese scientific research center has built the fastest COMMEND
supercomputer ever made, replacing the United States as
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U.S. reclaims top spot
In supercomputer race
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Al Gore’s Keynote Presentation at SC09

Global Warming Projections

—— CCSR/NIES

— CCCma
CSIRO
Hadley Centre
GFDL

—— MPIM

—— NCAR PCM

— NCARCSM
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ISR T)IFHREDEKRK

Voltaire ISR9288 Infiniband x8
10Gbps x2 ~1310+50 Po
~13.5Terabits/s

Sun/AMDE £ REEFHR V5 A%
(Opteron Dual core 8-Way)

(3Tbits bisection) 2006 10480core/655/—F

e o 50.4TeraFlops

=a8 77 No.1, i .7 OS(B#k) Linux

10Gbps+41&5 ¥ &+ H\Solaris, Windows

FybT—2 38.18Te|'=af!opé NAREGIJJwkEk)L
(Top500%TtAI{iE)

| [

5
48

ALy

1 Petabyte (Sun “Thumper”
0.1Petabyte (NEC iStore)
Lustre 77 AL AT Ls
>400Gbps

500GB
48disks "1

ClearSpeed CSX600
SIMD accelerator
360 boards,
30TeraFlops
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CPUXGPU®M T4 BE b &%

77 NoA, tHR74L JST-CREST ULP-HPCFRAT x4k

38.18Teraflops(Top500)

EFAE 1MW

20104 TSUBAME2.0
RATJAYTADEREB E
EBH—F-25EFDEH1EEER_L

FTOENEREFH

1750 GPU
GeForceGTX 300

—+—HVIDIA GPU Single Precision
1500 = NVIDIA GPU Do Pricision

—g==irtel CPU Single Precision kol

s it (PU Dousbiie Pred son
1250 - =
1000
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Peak Performance [GFLOPS]
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GPUIETA=——a 770ty H | - HEONEDTF
Many Core, Multhreaded, SIMD-Vector, MIMD Parallel

Architecture

[ Host/F |
1

GigaThread Engine

| L2 Cache 768KB (read & write) |
I 1

| DRAM I/F Unit (£4-bi) | | DRAM I/F Unit (£4-bit) | | DRAM I/F Unit (64-bit) | DRAM I/F Unit (64-bit) | DRAM I/F Unit (64-bit) | | DRAM I/F Unit (64-bit) |

DRAM I/F 384-bit

Copymight (¢) 2009 Hiroshige Goto All nghts reserved.

(Figure by Kazushige Goto)
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. System
GPU (42 Racks)
¢ (200m2 ) 1408 GPU Compute Nodes,
C SSD 34 Nehalem "Fat Memory" Nodes

s o Rack
BREEBMEINIRN—X (aerlqcodechassis)

A—H—EFR I RBHFE

Node Chassis

Compute Node (4 Compute Nodes)
(2 CPUs,3 GPUs)

Chip
(CPU ,GPU)

it

2.4 PFLOPS
80 TB
16 TELOPS 6.7 TFLOPS 53.6 TFLOPS >600TB/s Mem BW
- -' ; 220 GB/412 GB 1.7 TB/3.2 TB 220Tbps NW
55 GB/103 GB Bisecion BW
CPU(Westmere EP) GPUs(Tesla M2050) >400GB/s Mem BW > 1-6TB/s Mem BW >12TB/s Mem BW 1.4AMW M
76.8 GFLOPS 515 GFLOPS 80Gbps NW BW 35KW Max ' ax

32am 3 GB  40nm ~1KW max Integrated by NEC Corporation




TSUBAMEZ2.0

Infiniband
QDR x2 &
(80Gbps) ‘ﬂt’f'f
TSUBAME 2.0R(ZHP%t &3 [E] B

GPU: NVIDIA Fermi M2050 x 3
515GFlops, 3GByte memory /GPU
CPU: Intel Westmere-EP 2.93GHz x2

(12cores/node)

Multi I/O chips, 72 PCI-e lanes --- 3GPUs
2 1B QDR

Memory: 54, 96 GB DDR3-1333
\S\D:ESOGBXZ, 120GBx2 /

O YATLEHMKRE
2.4PFlops
AE!): ~100TB
SSD: ~200TB
HDD: ~7PB
FERIRT—:
~200Tbps

EREAH: IMWELTF

)
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~ QDR IB (x4

Para * GPFS Parallel Filesystem
PI-10 *Home storage for computing nodes
SFA10K #1 SFA10k #2 * Cloud-based campus storage
S——— . services
Smy i amE i)
Uld PDP ) O O
ors “NFS/CIFS/iSCSI by
“Scratch” “cNFS/Clusterd Samba w/ GPFS” BlueARC”
GPFS with HSM O d R U Home Volumes 1.2PB
) O ()
Big U o]ge 0

cavasnlb o | Total ~3000 s
[ Backup Thin node SSD ~ Fat
_______________________________________________________ IB,- S

/Scratch

LC/MLC SS$D

Data transfer service

| between SCs/CCs

HPCI Storage
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ACM Gordon Bell Prize

Specin] Achievements m Sealobitity ond Time-to-Salution
Takashi Shimokawabe, Takavuki Aoki,
Tomohire Takaki, Akinori Yamanaka,

Akira Nukada, Toshio Endao,
Maoya Maruyama, Satoshi Matsooka

Special Achievements in Scalability and Time-to-Solution

“Peta-Scale Phase-Field Simulation-for Dendritic
Solidification on the TSUBAME 2.0 Supercomputer”
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l/lTODFE REOSVELDEITHLITIVLER

1. 15 BF K Disaster & Environment

2. §J§ £lZE Medical & Pharmaceutical

3. LM 2O<KY-E#M Manufacturing & Materials
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5'& HE A7 Lattice-Boltzmanni:(IZKAHE R
EHOR[RIal— 3y \/]\Ei’;_r"‘ E?_K]

E:é-:momhﬁﬁﬁ&@%fgf%ﬁwt
T —42:E>)> ., Google

#¥T—4:Pasco Co. Ltd.TDM 3D

Bl E B $I<H’kZ HCoherent Structured SGS EF | .
JLERAW - €/ Lattice-Boltzmanniz GBI HIETE |

1

TSUBAME2.02 % M)4000GPUZ L\, 0.592
PetaflopsZZERK ($1315%)
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TSUBAME 150 GPUs In—House Machine
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MUPHY: Multiphysics simulation of blood flow
(Melchionna, Bernaschi et al.)

Combined Lattice-Boltzmann (LB)
simulation for plasma and Molecular
Dynamics (MD) for Red Blood Cells

Realistic geometry ( from CAT scan)

Multiohvics simulat Two-levels of parallelism: CUDA (on
ultiphyics simulation GPU) + MPI

with MUPHY software

Fluid: Blood plasma

-

Latzipce Boltzmann

- component
Extended 'V'D 100 Million RBCs 4000 GPUs,

-y 0.6Petaflops
“ ! ' ‘ ACM .

_ b ;”:::::::_-; Gordon Bell
Irregular mesh is divided by €d blood cells 0
using PT-SCOTCH tool, (RBCs) are Prize 2011
represented as Honorable

ellipsoidal particles
Mention

‘ ‘BOdyi Red blood cell| 1 Billion mesh node for LB

cdupled

considering cutoff distance
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Human protein structures were
collected from the public database
PDB using the following criteria:
v' >25 residues

S v’ X-ray resolution better than 3.25 A
Protease 3U1I == == v Nomutation

Methyltransferase 1R6A 30544
Polymerase 3VWS chains)
e

' 4 x 30,544 = 122,176 ] sunes 2013

(PDB ID)

Helicase




> Hooa
HdIIMS

-
=l

NN PR | -SRIk o
HSREEEES A | SreodBERESED | STHBMUNNY

| R T - o

ASvETESE o2

HFRE

RO BIHE
SEHFRAVCU SN

A Berkshire Hathaway Company

’a stellas

Leading Light o Life

» English
b Chir
[

ASTELLAS PHARMA
INc. B)

4

[
=

SAETUE

SO | Y ERMRAONER | 30 S-S RRE | SERTRREACTIR

NSCEERER T BN e, | R RORORNHE | B~ RN L

CHETSEHR THEN [ UL AN 4 | RS

u

"
<

FlpS R RS | @ | OF

SEEESARI A | CEHSOHERETRE

N ESENAEES | SR ERRER
PN RS | e

PR EOTTHE

~ CREASHENY | WEASTREENT

TEEw ERERS
e
'gé,&%§§°r§§
4 LIS

EEEE PR
AT

HOME ~ SERVICES~ MWEWS~ EDUCATION~= ABOUT US~+

£ [RIRE -]

HFEDFIE
e

W Tweat 3

March 21, 2013 0309 AM Eastern Dayhghl Tirme

Login  Sign Up

Pursuing Excelfence

?EK/’E TZEEH—:

Tokyo Institute of Technology and Astellas Launch Collaborative Research for New Anti-Dengue
Virus Drugs for Neglected Tropical Diseases

- IT drug-discovery research through use of Tokyo Tech's Supercomy

TOKYQ—(BUSINESS WIRE)--Tokyo Inslitute of Technology ("Tokyo Tech™; Tokyo, Japan; |
Aslellas Pharma Inc. ("Astellas")(TOKYO:4503)(President and CEQ: Yoshihiko Hatanaka) b
a joint research agreement for drug discovery research utilizing Tokyo Tech's TSUBAMEZ O
candidates for the treatment of neglected tropical diseases ("NTDs") caused by dengue viru

NTDs, prevalent mainly among the poor in tropical areas of developing countries, are infectic
bactera. As it is estimated that approximately one billion people are affected with NTDs woi
healthcare issue that is being addressed on a glebal scale. Amang them, diseases caused &
fever/dengue hemorrhagic fever are with high unmet medical needs for treatment and devel
There is no existing drug to treat dengue fever/dengue hemorrhagie fever in the market as w
effectiveness of some vaccines o prevent dengue virus currently under development is uncle
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20139 A:HPCIH#HIE FEIZ KV
. TSUBAME2.0 => 2.5|Z#1k

- MEREAY 2736Z12

- iR RE2.4(ZFEE)/4.8(BAEE) Petaflops => 5.76(x 2.4)/17.1(x3.6)

- BENEGPUAEDEER L -BEfE1E

- GPU®HT=Y3GB=>6GB, /\> K1i§ 150GB/s => 250GB/s

- =S8

— GPU&LPCI-e BMBATZRAFT—ToNN— RO 7 INTEf2H. /—RF OV DfEH

- BT AL

- $#910720% & A& S HIlE

- KUBSHRELGPUDTOS S3 T HEE

— Dynamic tasks, HyperQ, CPU/GPU shared memory
- TSUBAME2 D Faizx125FER

- TSUBAME3.0 20144118 => 20164E4 A LI[%(Z




TSUBAME2.0 2.5

o £4224GPUZEXHTDKepler GPU
|23

« OMDHE L ERLEDEE
T rA—h—EHETRAR

e (EOXMEHEIM T DEES
Z2-31Z M EIZE T

NVIDIA Fermi NVIDIA Kepler
M2050 K20X
1039/515GFlops 3950/1310GFlops

3GBAE!) 6GBATE!)




. ——
PERE(E

IS 1.192 2.843 2.39
o oo (e 0.958 3.068 3.20
2080 CoUn (o) o Fregrammne 1 019 1.713 1.68
ey rte Stenel 3%68 9 000 3.444 1.72
ot (o Iy Arflow3%68 . 597 1.142 1.93
8 e (asec/day 3.44 11.39 3.31
ohy e ciome Homology search L1 9367 10785 1.80
MEGHDDE Frotein Docking 37.11 83.49 2.25

1 node 3GPUs (vs. 1CPU core)
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Tokyo Institute of Technology $lvE 7 Eek A BRI T
ﬂ IFSTR 7092 B

RIKEN RIKEN Ad

marvEa—4 (2011)

TSUBAME2.0(2010)
— TSUBAME2.5(2013) HFEE 11.4Petaflops
H¥EREE17.1 Petaflops(FiE) fEH5 B 11.4Petaflops(FE)
{55 E5.76 Petaflops 491500{& 2,/ 64E

#50EM/6F (BERHREFES) (& ﬁﬁg—; 4



TSUBAME & R & DEL#ER(2)
(TSUBAME2 (45 D & Folm T flo B2 )

BIEELE — 7 MEE 17.1 Petaflops 20.1 Petaflops 11.3 Petaflops
Green500 (MFLOPS/W) 3,068.71 (6t") 2,176.58 (26t") 830.18 (123"
BRERENSHEZD) ~ 1MW 5~6MW? > 10MW
N—=RDxT7T7—FT7 Many-Core (GPU) + Multi-  Multi-Core Homo Multi-Core Homo
Core Heterogeneous
B ANA Ly RE (= 1=Pa] 705
A E Y Frif GDDR5+DDR3 DDR3 DDR3
Ty D= XAl Ij_lsxtera SUavTx b I 01 A%
AERME AE/SSD /) — K7 7w 288D, AW AW
~250TBytes

ENEIME - 7o T4 TEH J/— K- CPUGPUB L O T LUNILEHAIOH T v T L ANJLETEID A
FyvT DENF v v T
A81E KVM(G&V 1 — &R ) AN A
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o IREERETP 2016 EHEE~HEZAIFE

EEEMRE ~20 RAT7OYT R, AEHERE ~5 RENA T (FHD2E)
BERE: 5v7E0.6~_4270v T AL, E(TSUBAME2EE101S . TR D 601E)

e BAEATH: 105 HT70yTZ/WELE(TSUBAME2LE10/Z LL L)

— REEIHRDEAFE EKBARSE - TRILF—EAE

HBEERVRTI—4: 1R4EyR/ L EDRE

- SHRAA—RVLDBERTELLE

o TR OEZE YT T—4: RN/ FFER AT, 5-10T75/ 31 b

(FE®D3~6fE). 1E 10PS LL.E HARANAMLDBRERE

o SEMREBILEERIRDAVN: HEMORETOYvT R E 4 RERIE

it. BARBILRTDa—1) T BEEEMSELELE




TSUBAME-KFC: "2 )L Z1)—2- x/\:uﬁﬁn % i
(XA EEK2011-2015- #9325 )

RzmHll+ERXJAH+EEERE+BAFEOR/ NIV ZKMzHRS

<o TSUBAME3.ODTARZAT

= < B A

[S]/m /T E]TF" Lﬁﬂ%i

IR ;,;;;35"’45 ;;;;;;;;;;;;;; % JK 25~35
71<25"35 IS AR

| RS "
TFlops (SFEE) 2074—k3a>TF(16m?2)
30 s (BEFEE) & A\ B Ehdl{EhEEs

e




20134118 Green5005> %24
TSUBAME2.5 tH 5 — (B A& %))

Greenb00

GSIC Center, Tokyo Institute of

Computer*

TSUBAME-KFC - L¥ 1U-4GPUM04Re-1G Cluster, Intel Xeon E5-2620v2

SRR Technology GC 2 100GHz. Infiniband FOR. NVIDIA K20:x el
. . . Wilkes - Dell TB20 Cluster, Intel Xeon E5-2630v2 6C 2.600GHz, Infiniband
2 3,631.86 Cambridge University FDR. NVIDIA K20 52.62
3 3517.84 Center for Computational Sciences, HA-PACS TCA - Cray 3623G4-5M Cluster, Intel Xeon E5-2680v2 10C 78.77
U University of Tsukuba 2.800GHz, Infiniband QDR., MWVIDIA K20x )
awiss National Supercomoutin Piz Daint - Cray XC30, Xeon E5-2670 8C 2.600GHz, Aries interconnect ,
4 318591 0 Coes) percomputing NVIDIA K20x 1,753.66
Level 3 measurement data available
5 3.130.95 ROMED HPC Center - Champagne- romeo - Bull R421-E3 Cluster, Intel Xeon E5-2650v2 8C 2 600GHz, 31 41
e Ardenne Infiniband FDR, NVIDIA K20x e
6 3.068.71 GSIC Center, Tokyo Institute of TSUBAME 2.5 - Cluster Platform SL390s GV, Xeon X5670
U Technology Infiniband QDR MNYIDIA K20
. . : iDataPlex DX360M4, Intel Xeon EA-2650v2 8C 2 .600GHz, It
T 2,702.16 University of Arizona FDR14. NVIDIA K20x
iDataPlex DX360M4, Intel Xeon E5-2680x2 10C 2.800GHz. |
8 2.629.10 Max-Planck-Gesellschaft MPIJIPP NVIDIA K20x
. . _— iDataPlex DX360M4, Intel Xeon ES-268062 10C 2.800GHz, '
629, ’ ’
[} 2.629.10 Financial Institution NVIDIA K20x |
10 2.358.69 CSIRD CSIRO GPU Cluster - Nitro G16 3GPU, Xeon E5-2650 BC 2 |

2014/6 B [CHH R — AT RLTH

Infiniband FDR, MNvidia K20m




The current “Big Data” are not
really that Big...

SHDIEYT T—21EFE YT TIEARL

Typical “real” definition: “Mining people’s privacy data to

make money” [T ENTSA I\ —ETA =T LTEHEIT]

Corporate data Gigabytes~Terabytes, seldom Petabytes.

BLVEWNET ~T5/ 1 MR

— Processing involve simple O(n) algorithms, or those that can
be accelerated with DB-inherited indexing algorithms ALIE4>
WEEL DI

Executed on re-purposed commodity “web” servers linked

with 1Gbps networks running Hadoop/HDFS w7 MDY —

/NMDHadoopfE &

Vicious cycle of stagnation in innovations..CDFEFE TIIES
AN

Convergence with Supercomputing with Extreme
Big gata /)J_l'(/\:‘ztd)r:‘//i—*‘):l:‘zxj(:J:%ﬂk'ﬁﬁ
Ev7T—




Extreme Big Data Example in Social NW
rates and volumes are immense
Sl cEi iy D] A Ry

* Facebook: @ Gt Toch .
— *1 billion users % R
— average 130 friends
— 30 billion pieces of content shared / month A R
* Twitter: o,
— 500 million active users
— 340 million tweets / day
* Internet— 100s of exabytes [ year
— 300 million new websites per year
— 48 hours of video to You Tube per minute
— 30,000 YouTube videos played per second

Continuous Billion-5cale Social Simulation with Real-Time
Streaming Data (Toyotaro Suzumura/IBM-Tokyo Tech)

* Applications

— Target Area: Planet (Open Street
Map)

— 7 billion people
* Input Data
—~ Road Network (Open Street Map)
for Planet: 300 GB (XML)
— Trip data for 7 billion people
* 10 KB (1 trip) x 7 billion =
70TB

= Real-Time Streaming Data (e.g. Social
sensor, physical data)

» Simulated Output for 1 lteration
- 700 TB

Extreme Big Data in Genomics

pact of new generation sequencers [Slide Courtesy Yutaka

Akiyama @ Tokyo Tech.]

A T O, D, DO

F,

| HGS oS Fd
Doutsl -arrrm:urr\crh _,-' [ 10,000, DO

sweral T8 / day / sequencing lab. (2012) o

Hard disk slorago (MBS} /‘ 1100, 00
Doubleg me 14 menthe ad Y '

' i
[ |Pre-NOS BoS) //
1 | Doubiling tma 19 montne - a ~ o0

L]
s
(i Bursantios wha

M r
- | . F1o
\ i | Sequencing data {bp)/$ x
i " becomes x4000 per 5 years | |
1 . cf, HPC %33 in 5 years

[ 1 4
I

1990  TH8Z qe4 D98 ID9E 2000 2001 SOOM OO FOOA 2010 2042
Year uﬂmﬁmwm1mmm

Future “Extreme Big Data”
- NOT mining Tbytes Silo Data

- Peta~Zetabytes of Data

- Ultra High-BW Data Stream

- Highly Unstructured, lIrregular

- Complex correlations between
data from multiple sources

- Extreme Capacity, Bandwidth,
Compute All Required

40



We will have tons of unknown genes

[Slide Courtesy Yutaka

Metagenome analysis
& y Akiyama @ Tokyo Tech.]

* Directly sequencing uncultured microbiomes obtained
from target environment and analyzing the sequence
data

— Finding novel genes from unculturable microorganism
— Elucidating composition of species/genes of environments

Examples of microbiome

Soil

Sea

41



Results from Akiyama group@Tokyo Tech

Ultra high-sensitive “big data” metagenome
sequence analysis of human oral microbiome

- Required > 1 million node*hour product on K-computer
- World’s most sensitive sequence analysis (based on amino acid simila

- Discovered at least three microbiome clusters with functional differences.
(Integrated 422 experiment samples taken from 9 different oral parts)

572.8 M Reads / hour

82,944 node (663,552 Cores) ST e e
K-computer (2012) L  te e T
EHNDORR i A . B e eSS e
'z o\ - * - :
,1;?"—“«:;;'nr‘ ,/-:“\" L, o = L = - PFFT - il
.‘-. .1,1'..!‘_‘.: -III . _.:1
g f/;-fﬁﬁ\rl AR -~ .||_ e _ Metabolic Pathway Map .

| g F Do

e EHIORE | | EFIDsE 15 42




“Big Data Assimilation”-

EBD Mivoshi Grou
S22 H1F5S 3L —Sav ERAIDRME Y P

High-resolution simulation
- hon simnuratiy

B LT —8DEXE
BEELTYF T
EEEMDER

High-resolution observation

evolutionary super-rapid 30-second update forecasting

Target application:

§ Obs data Obs data 120x more rapid
1 processing | |[-2GB processing | [-2aB than hourly update
:r""'{'-'-s-;‘c_ .Sﬂ-scc_
DA Rsemble DA Ensemble DA
(2ZPFL.OT) farccasting (2PFLOP) fdrecasting (2PFLOP)
sge| (IPFLOP) 3G8| (ZPFLOP)
30-min. forecasting (1.2PFLOP) JIJI-Euin. lorecasting (1.2PFLOP)

I -FIIIII---IIIF--I-IIII--‘-IIII---III;

|

|
-10 0 10 20 30 40
Time (sec.)

>




e W W N

ij(ti‘/ y’v)lx*ubv DB - TS BEDREMN

(e.g. separation of degree, diameter, clustering, ..) EBD Suzumura Group

L . N

Crawled the entire Twitter follower/followee network of 826.10 million vertices and

29.23 billion edges. How could we analyze this gigantic graph ?

8.26{ZEMDIEM(N)
2921.U1|E|0)J-*.(77r
2407 —E{R)

H T ; i . -'-':-_ i Pt
e ) : . i e f
-“F —{5DEpt ol' State CF uqra.ph t
] X012 Gonghe 2
»rP!ﬂ :u-m US. Nayy. NGA. GERE
iy TR L] - P T



@@ Graph500 “Big Data” Benchmark

Kronecker graph BSP Problem November 15, 2010 I_IPC

Graph 500 Takes Aim at a New Kind of HPC
Richard Murphy (Sandia NL => Micron)

“1 expect that this ranking may at times look very
different from the TOP500 list. Cloud architectures
will almost certainly dominate a major chunk of

wire

A: 057, B:0.19

C:0.19, D: 0.05 11110 e e
AFEE part of the list” FH: 05 OFARET?
Ori1i11
- ﬂ : The 4™ Graph500 List (Jun2012) TSUBAME #4 w/6PUs

- Toyotaro Suzumura, K:ul Uum Tnkrn Institute of Technology

nnnnnn

Tl il
Powes' 775, POWERT BC =
Y Mv— o 103 T768
Engingsieg
tretoresatam e hiodagy
Orabead-FA (Fufit
Canter, The Lirfwariily 500 o)
FRIFEHEC
of Tokys
G8IC Conter, Tokve . gy |
nasi 138 M: W 7o
Irstitote of Technoiogy - -
i B [ g A ) w— x
Birpodfuvern hationad BT CANES 1834 3R 1] el T WP Duwve Pl 5% 67
Latar By e GR )
DOE/SC/Argonne - m G &
|u e e e Vesta/BheeGaneir] 4 M M o ..

G, adjacency matrix ©
amazon.con:

Reality: Top500 Supercomputers Dominate
No Cloud IDCs at all IRZE: V35 JFKI&
"TSUBAMEZ2.0 #3(Nov.2011) #4(Jun. 2012)




Top Supercomputers vs. Global IDC

K Computer (#1 2011-12) Riken-AICS
Fujitsu Sparc VII1-fx Venus CPU
88,000 nodes, 800,000CPU cores

~11 Petaflops (10%%)

1.4 Petabyte memory, 13 MW Power
864 racks. 3000m?

o e e

Tianhe2 (#1 2013) China Gwanjou
48,000 KNC Xeon Phi + 36,000 vy
Bridge Xeon

18,000 nodes, >3 Million CPU cores
54 Petaflops (106)

0.8 Petabyte memory, 20 MW Power
??7? racks, ???m?

C.f. Amazon ~= 500,000 Nodes, ~5 million Cores
t1 2012 1BM BlueGene/Q “Sequoia”

PP | awrence Livermore National Lap
" IBM PowerPC System-On-Chip DARPA study
/98,000 nodes, 1.57million Cores| 2020 Exaflop (10'8)
~20 Petaflops 100 million~
1.6 Petabytes, 8MW, 96 racks 1 Billion Cores




Supercomputer Tokyo Tech.

Tsubame 2.0 A Major Northern Japanese
#4 Top500 (2010) Cloud Datacenter (2013)
b: f‘*‘"ﬂ:ﬁ‘ E_= =:'-*= the Internet

Eapnlaen B G laewt ] Digw et A1 Ry ot 48

Juniper MX480 Juniper MX480

Advanced Silicon
Photonics 40G

single CMOS Die
1490nm DFB
100km Fiber

Zone (700 nodes) Zone (700 nodes) Zone (700 nodes)

~1500 nodes compute & storage

Full Bisection Multi-Rail 8 zones, Total 5600 nodes,
Optical Network Injection 1GBps/Node
Injection 80GBps/Node Bisection 160Gigabps

Bisection 220Terabps




But what does “220Tbps” mean?
/ ?

Global IP Traffic, 2011-2016 (Source Cicso)

2011 2012 2013 2014 2015 2016 CAGR
2011-2016

By Type (PB per Month / Average Bitrate in Thps)

Fixed 23,288 32,990 40,587 50,888 64,349 81,347 28%
Internet 719 1018 1253 1571 198.6  251.1

Manage 6,849 9,199 11,846 13,925 16,085 18,131 21%
dIP 21.1 28.4 36.6 43.0 49.6 56.0
Mobile 997 1,262 2,379 4,215 6,896 10,804 78%
data 1.8 3.9 7.3 13.0 21.3 33.3
Total IP ;734 43,441 54,812 69,028 ,87;33+-110,282 29%
traffic 949 ) 1341 169.2  213.0 1_269.5. 340.4

TSUBAMEZ2
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Towards Extreme-scale BigData Machines

A\ QNSNS

3RMEBDX/\O> - IDCEWYIFT—AHENS >
« Computation

— Increase in Parallelism, Heterogeneity, Density
* Multi-core, Many-core processors
* Heterogeneous processors

+ Hierarchial Memory/Storage Architecture

— NVM (Non-Volatile Memory),

SCM (Storage Class Memory)

« FLASH, PCM, STT-MRAM, ReRAM,
HMC, etc.

— Next-gen HDDs (SMR),
Tapes (LTFS)

Problems

Algorithm Locality
Scalability Power

Network Storage Hierarch’




!88,888 ||mes !Ola !EB Eonvergent !ystem Bverwew

Akiyama Group Suzumura Group Miyoshi Group \
/ Large Scale Graphs Data Assimilation
in Large Scale Sensors

Large Scale Genomic
Correlation

and Social
Infrastructure Apps

and Exascale
__ Atmospherics

n J — —
i Message Passing (MPI, X10) for EBD ] Workflow/Scripting Languages for EBD ] MapReduce for EBD | |
| — - : - I

EBD Abstract Data Models IVIatsuoI_<a Group EBD Algorithm Kernels
se Data Model, Tree, etc.) ~ (Search/ Sorf, Matching, Graph Traversals,, efc,) -

(Distributed Array, Key Value, Spar
- ] | I ] |
1 | S|

[ EBD Data Object [ EBD Burst I/0 Buffer ! EBD Network Topology and Routing
’ . e '
- e s ses s e’ s s . . mlmcm mlm E:‘tml-«v & ﬂ

ERD K\/S

1 (@ ] ~

( EBD File Systen{}
P

Tatebe Grou

Network
(SINETS)

Interconnect
(InfiniBand 100GbE)

NVM
(FLASH, PCM, STT-MRAM, |
ReRAM, HMC, etc.)

HPC Storage Web Object Storage |

In’EercIoud / Grid (HPCI)

Cloud Datacenter

TSUBAME-GoldenBox




K Computer #1 38 T K[EBD CREST]. 1. K
[Fujisawa Graph CREST]. B E D HEFBIRLR

274
1200 - , . MTEPS/node 73% total_ exec
Communicaton l T
1000 | ®Computation | —  communication
800 P

1236
400 +— MTEPS/node

Elapsed Time (ms)
o)
o
o
|

200 —

November 2013 4 55224-1 Tl @il 64 nodes 65536 nodes
(Scale 30) (Scale 40)
17977. . :
June 2014 1 05 Efficient hybrid S

weak scaling



2013/11 Green Graph500 S>3%>%

EvIT—3037DEAAEHHT-YDUEEEH TEPS/W {E TEEH
http://green.graph500.org

Green500& 3£ [ZTSUBAME-KFCI tH 5 — “ R !
In the Big Data category:

Rank MTEPS/W Site Machine ?::: ScaleGTEPSNodes

| 1 | 6.72 | Tokyo Institute of Technology | TSUBAME KFC

P 1.

= roen| 12768

Tokyo Institute of Technology's 1
TSUBAME KFC

'-I--l-. -:-‘ ’ Jﬁ(t-"l.ul.iﬂ ml'!

TSUBA ME—KFC/I__EZ%%E" / E |

\.:ru'\...-\...r I AT | T IIUULI 64




Future: Big Data & Deep memory hierarchy
and modeling

Larger domain Extreme scale . .,
stencil simulation craph processing
Hybrid BFS ’

. .
- £
el =
Top- Bottom- R — In-memory
Hotr et - B+Tree
T prantier = B LT ST =] o T

# of frontiersing,q.,, # of all vertices:n,,
parameter: a, 8

Key applications and software
driving deep memory hierarchy

4-5
ears wall

failure rate

Storage Model. Hy, {m, m,, . . ., my }

time




TSUBAME4 2021-22%E K in a Box]]
(R I1Z— 2T 5T OHE
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&wE 5 1/150
AR 1/500
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10R427Av TR
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GoldenBox Protol (NVIDIA K1-based)

IEEE/ACM Supercomputlng 2014 Eﬁlj(7 —XIZT,

* 36 Node Tegra K1,
~11TFlops SFP

« ~700GB/s BW
* 100-700Watts

* Integrated mSata
SSD, ~7GB/s I/0

e Ultra dense, Oil
immersive cooling

e Same SW stack as
TSUBAME?2

2022: x10 Flops, x10 Mem Bandwidth, silicon photonics, x10 NVM,
x10 node density, with new device and packaging technologies
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EBD Programming
Framework

uce]

Hamar (Highly Accelerate

* A software framework for large-scale supercomputers
w/ many-core accelerators and local NVM devices

— Abstraction for deepening memory hierarchy
* Device memory on GPUs, DRAM, Flash devices, etc.

* Features

— Object-oriented
e C++-based implementation

* Easy adaptation to modern commodity
many-core accelerator/Flash devices w/ SDKs

— CUDA, OpenNVM, etc. _
— Weak-scaling over 1000 GPUs
- TSUBAME? s
— Out-of-core GPU data management
e Optimized data streaming between
device/host memory

* GPU-based external sorting
— Optimized data formats for
Mmany-core accelerators
 Similar to JDS format




EBD Programming

Out-of-core GPU-MapReducé o 2meer
Large-scale Graph Processing [Cluster 2014]

Emergence of large-scale graphs S <> wemepy (120,02H) € processing for each chunk
- SNS, road network, smart grid, etc. | OPerationonGPy_— = = — — — — — — 1
- Millions to trillions of vertices/edges :_C Map “’. -"’ S 5: P Initialization — — m

- Need for fast graph processingon  ~ "~~~ ¥~ " v """ 7" ' s
supercomputers

OperationoNGPU  pm Gem oy == == == == == 1 |

Problem: GPU memory capacity limits ,C Red A L----- =
scalable large-scale graph processing = L-=--- 17 - -

Weak scaling on TSUBAME2.5
Proposal: Out-of-core GPU memory 3000 ["—=i1cpu (523 pernode) |

y_|
2500 == 1GPU (S23 per node)

=4-2CPUs (524 per node) 2 1OX
2000 | —®—2GPUs (524 per node) (3 GPU vs 2CPU)

—f—3GPUs (S24 per node)
1500 /7V/
1000

management on MapReduce
- Stream-based GPU MapReduce
- Out-of-core GPU sorting

Experimental Results:
performance improvement over CPUs

Performance [MEdges/sec]

- Map: 1.41x, Reduce: 1.49x, Sort: 4.95x 500 -
speedup 0 | | |
- Overlapping communication effectively 0 500 1000 1500

Number of Compute Nodes



GPU-HykSort [ieee Bigbata2014]

Motivation

Effectiveness of sorting for large-scale GPU-
based heterogeneous systems remains

unclear

- Appropriate selection of phases to be

offloaded to GPU is required

- Handling GPU memory overflow is required

Approach

Offload local sort, the most time-consuming

phase, to GPU accelerators

EBD Algorithm Kernels

Implementation

Process 0  Process1 Process2  Process 3

NGRS | Funsorted | unsorted | unsored
(

local sort

) I T

( select splitters

| LT RN -

data transfer )

EE-E-E-T-

merge

[ Separate an unsorted array ]
nsorted| unsorted unsorted
i Iter 1 l Iter 2 Iter 3 Iter 4
[ Transfer an unsorted chunk to GPU memory ]
Pl ™,
Sort a chunk on GPU
™, yd
[ Transfer a sorted chunk to DRAM ]
Iter 1 Iter 2 Iter 3 Iter 4
ESEEEl sorfed’| sorted  sorted
[ Merge sorted chunks into a sorted array ]

. 0.25
Performance of weak scaling J‘ 8 ;S

HykSort 1thread
4 HykSort 6threads
# HykSort GPU + 6threads

w
=3
T

g\tzillions)

Keys/second

N
o
T

~1024 nodes
~2048 GPUs

0 500 1000 1500
# of proccesses (2 proccesses per node)

2000

Performance prediction
l K20x

B D
o o
| |

Keys'()second(billions)
o

o
|

0 500 1000 1500 2000

HykSort 6threads
4 HykSort GPU + 6threads
#PCle_10
+PCle_100
& PCle_200
PCle_50
Prediction of our implementation

GPU-HykSort achieves
2.2x performance
improvement with 50GB/s
CPU-GPU interconnect

# of proccesses (2 proccesses per node)




EBD Algorithm Kernels

Efficient Parallel Sorting Algorithm for

Variable-Length Keys

ilisl — el

Comparison-based sorts inefficient for
long/variable-length keys (like strings)

Better way: examining individual
characters (based on MSD Radix sort
algorithm)

Hybrid parallelization scheme:
combining data-parallel and task-
parallel stages

Eeys/second, (milloins)
;¥ 4 & ¥ &8 4

v
Q =
U ——— 3 S
1= r
- -

1 n EI_ ’] ;I_ i J _I|';|:.- ll'.r | Iy __1.'..."1_,4_ ;,-.Igllr T-: 1
. | |I|_:“ l:'. :l' FI‘.I'I- e
e
!|; :
cg;u_;rrzz;:-‘:;;f::_q-.-cn Eé:ﬂf::br,'a_sﬂaw
apple \
apricot 70 M keys/second
banana sorting throughput
Kiwi on 100bytes strings

Aleksandr Drozd, Miquel Pericas, Satoshi Matsuoka. Efficient String Sorting on Multi- and Many-
Core Architectures. in Proceedings of IEEE 3rd International Congress on Big Data. Anchorage,

USA, August 2014

Aleksandr Drozd, Miquel Pericas, Satoshi Matsuoka. MSD Radix String Sort on GPU: Longer
Keys, Shorter Alphabets in proceedings of #1425\ 7 /N7 —V> X 3> E 2 —7 7 > 75/

T F 7 = (HOKKE-21)



EBD Algorithm Kernels

Scalable Distributed Memory BFS (CR

What's the best algorithm for the distributed
memory Breadth First Search?

Proposal Graph500 score history of
Efficient CSR with Bitmap TSUBAME2
Adaptive Data Representation 1400 - e
And Many Other Optimizations © 1200 o
M 1000 { [ = ==
Optimizations SC11 ISC12 SC12 1ISCi4 9 800 -
2D decomposition v v v v 8
vertex sorting v c 600 -
direction optimization v g 462
data compression v v v -
sparse vector with pop counting v e 400 - 317
adaptive data representation v 5
overlapped communication v v v v o 200 1 100
shared memory v -
GPGPU v v 0 ' ' ‘
v Utilization for each version SC'11 1sC'12 SC'l_%WI\'
: e s =
We achieved 17,97 7GTEPS on K computer s &

and ranked 15! in the June 2014 Graph500 List




Large Scale Graph Processing Using NVM [ &b agoritm Ky

1. Hybrid-BFS ( Beamer’11) 2. Proposal [BigData2014]
DRAM _ NVM &

Switching two approaches

-
Holds highly accessed data Holds full S'Ze‘{(ﬁ ph
Top-down &) Bottom-up . e "i}'_:

“au ~ Mall A
Nfrontier < ﬂfrﬂntm*r &
# of frontiers:ng,.. '#ofallvertlcesn,,' Parameter : a, 8 Load h|gh|y accessed graph data before BFS
: Limit of DRAM Only
3. Experiment 26.0 —
5 4.1
CPU Intel Xeon E5-2690 X 2 ‘é’ § 5.0 P s— —
DRAM 256 GB 5 & 4.0 | ==DRAM + EBD-1/0
NVM EBD-1/0 2TB X 2 .2’5’, 3.0 DRAM Only
@ N
www.crucial.com/ 8 2_0 —
E E x8 G P 4 times larger graph with
mSATA | | mSATA 'S 2 1.0 -
SSD SSD D = 6.9 % of degradation
=00 —tY4—mrmm—————
) 23 24 25 26 27 28 29 30 31
SCALE(# vertices = 25CALE)
5 \A./;Nw.adaptec.com ° Ranked 3rd

in Green Graph500 (June 2014)




Random network topology

EBD Interconnect

Enabling short path hops [Koibuchi G]

Computer

L,

/

---7

/

h--,

/

(a) Existing supercomputers (torus topology)
long communication delay t

Low Communication Latency
[<1us] is one of crucial topic on
Exascale supercomputer networks
[NSF WS2008 Reports]

Michihiro Koibuchi, Hiroki Matsutani, Hideharu Amano, D.
Frank Hsu, Henri Casanova, A Case for Random Shortcut
Topologies for HPC Interconnects”, The 39th International

SympoSium on Computer Architecture (ISCA), pp.177-188,

June 2012

A\

(b) Random network topology
a lot of shortcut paths

¥ Latency (Y-axis) and Throughput (X-axis)

Latency [ns]

800 -

3D Torus
—Random

0 2 4 6
Accepted traffic [Gbps/host]

2/9



EBD Interconnect

Our Random Network Topology fits to EBD

Irregular Workload
Graph Analysis (e.g.: Graph500 Benchmark)

Nonneighboring-communication scientific workload
Observation data (Miyoshi G), ....

ﬁ Better
T M 2D-Torus
’ 1 ’ 1 §1'5 B Random
o S =
Data Centers £ 1.0
8
(O]
2 0.5
O
&
0.0
CG FT Graph500

Supercompu'ters NAS Parallél Benchmarks



NEtWO rk Pe rfo rmance EBD Interconnect
Visualization [EuromPi/Asia 2014 Poster]

MPI abstractions

Application Layer

Hardware
Layer

MPI Layer

Process View Performance Analysis

@ Portably expose MPI’s internal @ Non-intrusively profile low- @ Flexible hardware-centric
performance level metrics performance analysis
Overhead of our profiler (named ibprof): %

MPI_Alltoall

OUR GOALS

%‘5‘ '"5"””””“!}‘:' f., it \'\\'\\\‘\W‘\\‘\\‘h\‘\
é 2 | S % I 13! I'I‘ / !
gl jm ’-e-e!-'-ni.\\l\\'f %’mﬁfﬁk ,;ﬁ%éwf

flr‘ - N~ . e
S o dRas 5 b g N i VB R T e e T
Message size (bytes) NTeSe o ~ o / / ]

NAS Parallel FT Benchmark
Runtime overhead = less than 0.02% Network visualization of TSUBAME 2.5 running the
(12.1919s -> 12.1935s) Graph500 benchmark on 512 nodes




Object Storage for OpenNVM [ EBD NVM System Software
flash primitives [Tatebe Group, Takatsu]

Object storage design for high
bandwidth and high IOPS in
OpenNVM

— OpenNVM flash primitives: sparse

address space and atomic batch write

Simple design based on fixed-size
Region

— One object for one object

— Enough region size to store one object

— Object ID = region number

Simple region number management
in super region

— Sequential assignment

— Free’ed by persistent trim and no reuse

— Blocked assignment to mitigate access
conflict to the super block

Sequential read Sequential write

Wi s b 1 Vv
E 85 E 3B

Region Region
1 2

—1

800 T
700 1
600

g 500 T

Object creation 678 KOpS/SE‘C

=@®=Version Mode

Direct Mode

== XFS

=He=directFS

2 400

o
¥ 300

200 ’7’(

100

o A
1

LLLLLLLLLLLL

A A A A

___________

2 4 8 16
# Threads

Access Performance
734 MBS s

[

o oy § AR, )



EBD 1/0 and C/R modeling | EBD NVM System Software

for extreme scale[CCGrid2014 Best Paper
Extreme scale 1/O for Burst Buffer Extreme scale C/R modeling

R SATARES wSATA

C;,+ E; (Sync.
0= CTEEN) g,
/; (Async.)

MSATA X8 pjaptec RAID X 1

CPU Intel Core i7-3770K CPU (3.50GHz x 4 cores)
Memory Cetus DDR3-1600 (16GB)

M/B GIGABYTE GA-Z77X-UD5SH

SSD Crucial m4 msata 256GB CT256M4SSD3

< C/R date size / node >x <# of C/R nodes per S;" >

(Peak read: S00MB/s, Peak write: 260MB/s)

SATA converter | KOUTECH I0-ASST10 mSATA t0 2.5 SATA ( -0 R . =
Device Converter with Metal Fram E B D I O / /

RAID Card Adaptec RAID 7805Q ASR-7805Q Single

< write perf. ( w;) > or <read perf. ( r;) >

S<
Compute Compute Compute Compute Compute node Burst buffer node S '
node 1 node 3 node 4 , L , ; L , S~
~
= =
3 H Client Server m;.
1 5 chunk
IBIO server thread H i1 H i-1 H i-1
Compute
& s
|
LI | e -
Writer thread i N
\\ Chunk buffers  Writer threads Storage J i=0 i>0
IBIO write: four IBIO clients and one IBIO server Storage M odel HN {m_Zl my ..., My }

Flat Buffer-Coordinated Flat Buffer-Uncoordinated Read - Peak Read - Local ~————@— Read - IBIO
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Cloud-based I/O Burst Buffer Architecture (I/O Burst Buffer)
In collaboration talks with Amazon EC2

I/0 Bursting Buffer Nodes

160 -
140

amazon
webservices"
Main idea: using several compute nodes

in public cloud as 1/0 nodes

Buffer I/O data in the main memory of I/O
nodes

All /0 nodes maintain a on-memory
buffer queue

dynamic burst buffer, # of /0 nodes can
be dynamically decided

Taking advantage of high throughput of

LAN inside public cloud

I/0 node
System \ ( System 2
N Compute
,) o Buffer
° ° Queue
° °
Storage
LAN 1 LAN \ ‘z
Supercomputer Cloud
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Extreme Big Data Federation
For Real Analysis

* Target Data Set:
International Nucleotide Sequence Database
at DNA Data Bank of Japan

DDBJ/NIG Tokyo Tech

O o ) ™
\c\-—\./')/

| Shared File System
(e.g. Gfarm)

EBD Infrastrtlj:ture
~ __TSUBAME2.5, TSUBME-KFC

1.5PB ~ 5 PB of Direct Access to INSD
Nucleotide Sequence Database from EBD Test bed

(e.g. Akiyama group application)




Co-design Example: Genome Science and EBD

Metagenome analvsis
ﬁ300% increase per year

O(m) Reference

Database

O(n)

Tmy

f ﬂ: data

_______________________________________

———————————————————————————————————————

Metagenome sequences

GHOST-MP

Ultra-fast pipeline for metagenomic
analysis
* OpenMP / MPI

* load-balancing

e data dispatcher

*  GHOSTX (much faster than BLAST )

algorithm

Akiyama Group

Important issues:
1) Allocation of

big Measured data
2) Allocation of

big References (DB)

#M}

Profiles of environment

>100 times faster than BLAST and good scaling
(49,152 nodes on K computer)



Co-design Example: Genome Science and EBD

Metagenome analysis

. ﬁ300% increase per year

*/ﬁﬂt
o

Metagenome sequences

GHOST-MP

Akiyama Grou

P

Important issues:

O(m) Reference 1) Allocation of

O(n)

Meas.

data

Ultra-fast pipeline for metagenomic

analysis

* OpenMP / MPI
* load-balancing
e data dispatcher

*  GHOSTX (much faster than BLAST )

algorithm

] 2) Allocation of

Database big Measured data

/P:

roblem:
Applicability to wider range of infrastructures and
software stacks from Clouds to Supercomputers
e Acceleration of BigData kernel operations using
many-core accelerators
* Sort, PrefixSums, Set Operations, etc.
* |/O acceleration using NVM-devices
x Next-gen EBD-oriented interconnects

~

4

Performance analysis on popular Big Data

software sub-states/tool-chains

- Convert GHOST-MP to MapReduce

- Benchmarking on variety of high-performance
MapReduce implementations on EBD-oriented
infrastructures



Size of metagenomic sequencing data

Sequencing data of human oral metagenome

(Subset of Human Microbiome Project data)

_ # of samples | # of reads (x 10%) | Total file size (GB)
278 56

Saliva 5

Keratinized gingiva 6 361
Buccal mucosa 123 7658
Hard palate 1 54
Palatine tonsils 7 373
Subgingival plaque 8 517
Supragingival plaque 128 7965
Throat 7 393
Tongue dorsum 137 8815
Total 422 26290

73
1521
11
74
104
1595
79
1765

5253

O(m) Reference
Database

O(n)

Meas.

data

O(m n) calculation

Correlation,
Similarity search

We have performed sensitive homology search against KEGG Genes DB

for whole reads (26 billion reads, 5.2TB)

73




GHOST-MP

* Massively parallel metagenomic analysis software

— Thread-level parallelism: OpenMP (same DB, different reads)
— Node-level parallelism: MPI (different DBs, different read sets)

* Automatic Load balancer “mpidp” module included
* Sophisticated 1/0 scheme

| TSUBAME2.5 at Tokyo Tech K-computer at RIKEN
17304 CPU cores, 4224 GPUs 705024 CPU cores, No GPUs

74



GHOST-MP scalability to extreme scale

Search Speed (M reads / hour)

10°F

101}

o—e GHOST-MP
ideal

Query:

Human tongue dorsum
metagenomic

shotgun sequencing
(SRS078182)

Database:
KEGG Genes

Computer:
K computer
(SPARC64 VllIfx, 16GB mem)

10°
Number of Cores

10°

Weak scaling up to 49152 nodes (= 393216 cores)



Preliminary results: oral microbiome

Principal component analysis
of relative frequency profiles

* First three PCs account for 58.7% of
total variance

* The samples from same oral sites
tend to cluster and the clusters can
be clearly distinguished with PC1

and PC3 ":;
* Some relative abundance of . |
orthologous groups related to the " /
specific biological function reveals )\_/{ Oral vestibule
(negative) correlations to the PCs s

PCL (26.4%)



Preliminary results: oral microbiome

] 5Bacteria| motility proteins (ko2035)

Principal component analysis 10
of relative frequency profiles 03

LF3
=
o

* First three PCs account for 58.7% of
total variance

* The samples from same oral sites 10
tend to cluster and the clusters can "
be clearly distinguished with PC1 R e
and PC3 Ribosome (ko03011)

* Some relative abundance of
orthologous groups related to the
specific biological function reveals 0
(negative) correlations to the PCs

LF3
=
o




Towards EBD-Driven Social Simulation
A Study on Scalable Architecture and Optimization Methods for Billion-scale Social Simulation

Motivation & Goal: Our previous design (ABCA) cannot cope with billion-scale
social simulation due workload imbalance and global synchronization issues

This study is to propose the best architecture that can deal with real-time billion-
scale social simulation on the future hardware designed for extremely big data
processing

We optimized the ABCA architecture using active subspace technique in which
only active subspace are monitored and processed

According to the evaluation result, Autonomous Agent (AA) outperforms ABCA at
the beginning of simulation but as the simulation progresses, the elapsed time of
AA grows exponentially

In both both strong-scaling and weak-scaling analysis, ABCA shows obviously
better performance and scalability over AA.

We achieved running the simple traffic flow simulation with one billion of agents
in almost real time (1.92 second/step) on 1,536 cores of total 128 machines of
TSUBAME Supercomputer 2.5

Suzumura Group

Agent-Based Cellular Automata Architecture

P N =

¥ 'll
. |
=
. \_\_

Elapsed at each step

Weak-scaling performance analysis
(3600 steps, 4M of agents on Tokyo road network)

(3600 steps on Tokyo road network)
problem size: 4M, 8M, 16M, 32M, 64M, 128M, an

Strong-scaling performance analysis

(3600 steps, 4M of agents on India road network) d‘|'he average elapsed time at each step of optimized ABCA

i i architecture on bill-scale simulation
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9000 18000 —— =
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Designing Large-Scale Traffic Simulation Platforms
on EBD Software Stack

Design the next-generation large-scale traffic simulation on top of
EBD Software Stack

Iterative Simulation and Data flow

Simulation Input
Y

Journey
Planner

Network
Validation
\ (MaxFiow,5CC,6G et

\

Calibration

Path
Quality
Validati

Distributed
and Parallel
Traffic
Simulation
Runtime

Simulation Output

’ Validation Analysis

L

Traffic Journey
Volume Time

)

Log Repository

Based on our experiences on
building large-scale traffic
simulation platforms, we are
currently in the middle of
designing the next generation
architecture on top of EBD
Software Stack

The left diagram shows a data
flow for iterative traffic
simulation.

Currently designing how the
simulation platform could be
built on top of spatio-
temporal enabled EBD Object
Data stores.



