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Level Synchronized BFS

» BFSOEI: BFSW ) —
Level: IS DiEEH
» Level Synchronized BFS

Graph500DIARTOU T 7 LY ZAEENR—IELTNS
BFS(Breadth First Search)J7)Ld1J X /s

Level Synchronized: IRIEDL NIV T I DE TRDLARILIC
EFIR0 PAEDNS D
=7 BFSYW ) — rE &
@ Level O
» @ e @ Level 1

e e Level 2
@ m Level 3

27



Graph500X>FY—20DE1TlIA

‘ Graph Generation
(KR NEER)

Graph Construction

Kernel 1 ‘ (KU X NZEBFSTERI DIHDT—H
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| 64[C
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Five Business Areas --- Graph500 Grapd CREST

B Cybersecurity B Data Enrichment

m150{E05 TR —/ B B RA(1000JK)/ N\ A kT —24
® Full data scan required = {5) Maritime Domain Awareness
-Hundreds of Millions of Transponders

- Tens of Thousands of Cargo Ships

B Medical Informatics

mEFHS5FH x20~ 200EH/ - Tens of Millions of Pieces of Bulk
BE=HTET 4 Cargo
® Entry resolution important -May involve additional data
® Symbolic Network
H Social Networks = {5) Human Brain
= i) - Project : Af& i
"TEE HE'“L@”‘% o 100d
m2023F I /Y ROV

LIZHH
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Information Technology Center,
The University of Tokyo
Oakleaf-FX (Fujitsu PRIMEHPC FX 10)
& racked

oo Geaph 00 Rarkong of Supercampatens with
358,10 GE/s on Scale 38

oo the fourth Graph$00 it pubiahed at o

Intersatonsl Sepercamputing Coeferaace, Jure 19, 2012

[ugr_n_tﬂg from e GeaphS00 Samering Convmanee

GSIC Center, Tokyo Institute of Technology
HP Cluster Platform SL390s G7

1 rieded

eo Graph80 Raskig of lapercompeters wih
317.09 GE/s on Scake 35

o the fosrh GraphS0D kst pablched 2t the oy =
Ietermancesd Supercoorpuing Covlerence. hone 19, 2012 B T T
{angrandation ree the Graph$30 Steenng Comvnimee “““-.&"

Rank Installation Site Machine GTEPS
of nodes of cores scale
0 el Bl Mira/BlueGene/Q 32768 524288 38 3541.00
Mational Laboratory ’
1 LLML Sequoia/Blue Gene/Q 32768 524288 38 3541.00
DARPA Trial Subset,
P 775, POWERY 8C
2 IBM Development ower 1024 32768 35 508.05
. . 3.836 GHz
Engineering
Information Technology .
, . Dakleaf-Fx (Fujitsu
3 Center, The U t 4800 78800 38 358.10
enter, The University PRIMEHPC FX 10)
of Tokyo
GSIC Center, Tokyo
4 . ' TSUBAME 1366 16392 35 317.09
Institute of Technology
Brookhaven Mational
5 BLUE GEMNE/Q 1024 16384 34 294,29
Laboratory
DOE/SC/Argonne
[+ . Vesta/BlueGene 1024 16384 34 292.36
Mational Laboratory / /Q
Pleiades - SGI ICE-¥, dual
MASA-Ames [ Parallel plane hypercube FDR
7 Computing Lab, Intel , , 1024 16384 34 270.33
Labsp g infiniband, E5-2670
"sandybridge”
8 MERSC/LBMNL XEG 4817 115600 35 254.07
MMSA and IBM MMSA/SC Blue Gene/Q
a 4096 62330 32 236.00
Research, T.J. Watson Prototype II
Intel(R) ¥eon{R) CPU E7-
. \ 4870 2.40GHz (4
33 Chuo University z 2 ( 1 40 29 5.68

sockets, 40 cores) /1
node

EI K TSUBAME 2.0
o {HR3{I(3 Graph500 List)
o iR 44I(4th Graph500 List)
o HRYD GPU I[ZLBTS
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Graph500 NUFI—7%
M fFdH-YUNRESIEFRMEEE TEPS (traversed edges per second) |

Green Graph500 N FI—%
NEEEHHT-Y DIRELIERMEEE TEPS/kW

o FOHPC A7 O yHIEEEE HHT-YDIEREILIERERE TEPS/kW MIEFEIZF LY
c EHEEN IOV H T LEEEBRNHI-YDMERENABRNEIXESALY

SCALE 26 (F%K 67,108,864 =226 _ ¥%# 2,147,475,066 =231)
STE R (M 520 EREBB/M  ETRRE* BTN EHEEHN=E  CcOH=E TEPS/KW

(TEPS) () (W) (kVAh) (kg)
WestmreEX (80) 10.066 G 207.21 1000.6 0.06 0.02 | 10.060 G
SandyBridgeEP (32) 5.607 G 370.34 362.0 0.04 0.01 ]15.489G

SCALE 21 (F1%K 2,097,152 =221 | #2# 67,105,930 =226) o ypimsyho—o30is —ia
STERE (M52 BERBEH/MN ZEOERE* BAEND KHEEHN=E CcO2EEH= TEPS/KW

(TEPS) () (W) (kVAh) (kg)
WestmreEX (80) 3.967G 6.06 854.1 0.00 0.00] 4.645G
SandyBridgeEP (32) 5.293 G 6.23 310.3 0.00 0.00]17.058G
Atom2(2) 0.163 G 925.16 94.6 0.03 001 1.723G
MacbookAir (4) 0.782 G 375.93 20.3 0.00 0.00 | 38.133 G

* RITHEFRSZ(X 64 [B10) BFS EZFDREIBHEIMNESEND
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lTSUB'AMEUZ.O System Configuration S

Petascale storage:Total 7.13PB (Lustre + home) Existing system

T i
' 1
' 1
: :
Parallel file MDS, 088 Users home Storage Server ) Sun SL8500 y
system area :5.93PB HP DL360 G6 30nodes space:1.2PB HP DL380 G6& 4nodes ' :
Storage BlueArc Mercury 100 x2 ! Tape system i
DDN SFA 10000x5 - Storage : T :
(10 enclosures x5) ] DDN SFA10000 x1 ; H .
Lustre (5 Filesystems) > v (10 enclosures x1) ; H
0SS:20 OST:59PB q:, ; Siper TIANET 14
' ' '
B O30 TR e NFS,CIFS,iSCS| ; E
0S8 ~ MDS "8 | NFSCIFS x4 Acceleration x2 : SINET3 | !
' ]
-

Inter-node connection network: full bisection/non-blocking

Core Switch Edge Switch Edge Switch(w/10GbE)
12switches 179 switches 6switches
w'"""'v -""“"““- —_— Admin'strat've servers
Voltaire Grid Director 4036E 6switches
Voltaire Grid Director 4700 12switches Voltaire Grid Director 4036 179switches IB QDR: 34ports , .
IB QDR : 324ports IB QDR : 36ports 10GbE : 2ports 1360 nodes, 2720 CPU-S,

4080 GPUs
I

Fat compute node

Compute nodes: 2.4PF (CPU+GPU)/ 224.69TF(CPU)

Medium compute node

Thin compute node

HP 4Socket Server 10nodes
CPU Intel Nehalem-EX 2.0GHz

HP 4Socket Server 24ncdes
CPU Intel Nehalem-EX 2.0GHz

HP servers featunng GPUs 1408nodes
CPU Intel Westmere-EP 2.93GHz

oo MHonauomnnnos
sumnernd? Homnnmnnn

1408 nodes (32node x44 racks)

SSD 60GB x2 120GB #55.8GB memory
120GB x2 240GB #103GB memory
0S: SUSE Linux Enterprise + Windows HPC

CPU(Total):215.99TFLOPS (Turbo boost 3.196GHz)
CPU+GPU:2391.35TFlops

Memory (Total):80.55T8

SS0 (Total): 173 .88TB

0OS:SUSE Linux Enterprise Server

CPU(Total): 6.14TFLOPS

(Turbo boost 3.196GHz) 12Cores/node 32Cores/node 32Core/ node
Mem:55.8GB (=52GiB) or 103GB (=96GiB) Mem:137GB (=128GiB) Mem:274GB (=256GiB) 8nodes
GPU NVIDIA M2050 515GFlops. 3GPUs/node SSD 120GB x4 480GB 549GB (=512GIB) 2nodes

SSD 120GB x4 480GB
0S: SUSE Linux Enterprise Server

CPU(Total):2.56TFLOPS

it | ([t eSS

: PCI-E gen2 x16 x2slot/node -




SDPARA can solve the largest SDP problem which has over 1.48 million constraints (DNN
relaxation problem : sko42a QAPLIB, and create a new world record in 2012.

[}

Using 1360 nodes, 2720 CPUs, 4080 GPUs
Computation Time : 2700 sec./iteration =>
Performance of CHOLESKY (= 1 Exa Flops
=> 2045 sec./iteration —> 533 TFLOPS

[}

[}

About 30 iterations are needed
:1.48m x 1.48m) :

One of the fastest and largest result as mathematical optimization problems

n = 1,779,204 i £G4
(matrix size)
m = 1,484,406

# of blocks = 2

(# of constraints)

nnz = 23,476,376

(# of nonzero

Size of diagonal block
elements)

1,777,522

Accelerate CHOLESKY by using
massively parallel GPUs

* In order to achieve scalable performance
with thousands of GPUs

Utilize high performance BLAS kernel
coupled with optimization techniques to
overlap computation, PCI-Express
communication and MPI communication.

600
533 TFLOPS
500
2 400 ‘ =
] ” -=-tai35a
£ 300 — —taid0a
= A
v
—~Truss502 full
100 420 780 N
0
0 The number of n oges o
MPI I m lll
Comm. LtO Lt1 Lt2 time
Lt2
PCle
Comm.

LtO Ltl [

DGEMM for BO

DGEMM for B1
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