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D Papers [Entering the Petaflop Era: The Architecture and Performance of
Roadrunner| by Kevin Barker et. al. (Los Alamos National Laboratory)
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@ Papers [Scientific Application-based Performance of SGI Altix 4700, IBM
POWER 5+, and SGI Altix ICE 8200 Supercomputers.| by Subhash Saini
et. al. (NASA Ames Research Center)
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@ Masterworks [Enabling Analysis-based Tire Development with High
Performance Computing| by Loren Miller (Goodyear Tire & Rubber
Company)
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@ Posters [Performance of Electronic Structure Calculations on Blue Gene
and Cray XT4 Computers] by Andrey Asadchev et. al. (Iowa State Univ.
& Ames Lab.)
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® Posters [Caching on a Chip Multi Vector Processor] by Akihiro Musa et.
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©® Posters [Storage Performance Analysis in ES and ES2] by Ken’ichi
Itakura et. al. (JAMSTEC)
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@ Invited Speakers [Developing an interoperable IT Framework to Enable
Personalized Medicine| by Ken Bertow (National Cancer Institute)
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2—H—Z%F LTI, single web OR—H LY A M EMHEE L TV 5, Gene
{5, Genome fH¥#., FERIEHI L O, MY — L2 L T 5,

T — T — A — FAEFKD -2, BIG Health Consortium %% . L7-, B,

¥, HAEEALTHD,
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Invited Speakers [Parallel Computing Landscape: A View from Berkley |
by Dave Patterson (U.C. Barkeley)

UC N—7 L =TS ENT=H =728 7 b7 =7 Of%E Y > X — DN
Th o7, CPU OHEAAMEED K ITIEE Y . CPU BN THRELZ LiIFTn5
Z &5 FPGA % v T 90MHz @ RICS F 7 1008Core DI 41| ERET 4 14
L, WY 7 R =T O EIToTNDEDI ETH D,

HROBA L MIROBY TH S,

CPU ¥ kD — R~ v 7%, 2005 41T, 2007 4E T RIEIC T H1E

ESNTW5, ¥7—CPU OBRGIIWHFTLHZ LiETE RV, v s 74

ZRLITHITE, WHIN— R =T OFHPMEATH D, 4k, IT EHEITK

FEE¥ENG, BEMAEEIIRDL ETEINS,

IUBEa—ZENI) HDIE, Google R EDT —XE L =R — L LT,

Laptop X° Handheld 233K & L TR SN D D L7 > TE TN D,

100 LL o core 12%F LT, AFEMINORFR), R—Z TNV T N7 2T D

B EITO -0, LB Z—%2RS LT,

TV — g LT, £%50 CPU #FIH LatReERtENER S h

HEHR, A A =T, EREBIREE, STLAT I o REER I L L

L7c, EREFIRERICOM L, Kbz L,

« NIV T R =T ORFETIL, ROIBKREAEMDBRZ DHEL 72,
BRZBERTHDITT 07T~ —D 10%TH Y FEY D 90%ILEFEM %18 MK
LTWENHLTHD,

- FPGA EiZ 12 ffl® 32-bit RICS Core (90MHz) ZH4L L, 84 i FPGA %
Hifor 7= 1008 core ®”RAMP Blue” &\ 9 3R ER FHEHBiMk 2 REEE LT,

- Stk BIRONT 4 —< U ADR MV Y T EITEITV, Fe b E X > T
XEZTHD,
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© BOF [Petascale Computing Experiences on Blue Gene/P|

FEH)IZIZ. DOE @ INCITE(Innovative and Novel Computational Impact
on Theory and Experiment) 7' 1 77 A72 & D F TO Blue Gene % /= F1H
FHI OB DR TH T, KGO BENRT 2 —=2 7 ORPLUZT-D U THLB
WD BORENH T BB E IS L TWRWER TH o 72,
F—7 U v PHZEATIC BV TCIL, INCITE 72 75 A0 T, 72X ED MD
A, ITER OFtR, ¥ — 7 <& —IZBHT 2R - ROFHE, REBEREGHRE 2 &
MTbhbih-t Dt Thotz, T/ XWEFTTIL, CFD Rk 21X
L, 20070y =y MIFREREZT VA LT0WLHEDZ L ThHhoT,
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BOF [User Experiences with Large SGI Altix ICE |

SGIICE IZ Xeon X—AD Y T AKX — AT 5T b, TOP500 D 25 \LLLN
&L Tix, NASAB (7)), =a—AFvaidfitr¥—02 L), 77 A
GENCI(14 i), Total AHFHAEQT DB EA L TWDH AR THD,

1Core H7-V DAE VX, 2~4GBN L > FTHDH, 2GB THEALIZ L Z
A, PLEFZLTWDEIREEThoTz, BHEFEHEDOLIZ, AE)
DREEINLDOZEEHIHZEIZIEANTNRNEWVWIER U TH -T2, EWITLW
TEF LR TUIWT RN E Wy ERITED L 5 Th 5,

77 AGENCI DV AT AE.32 T v 7 H 24 T v 7 ZFtERIZFIHL T
%, XEmMAIL 63m2 T, {HEE/IL640kW TH 5, 1/4ITER h—F ZAD 3
2 L—3 3 o Tld, 1360 (B4 % 4096Core L THAT LD L TH D, K
IPCC IZFIH4 2 FHHE Tlx, 864Core Z VY, 28km # v ¥ = 1442 X 1021 X
46 JRUIZDOWNWT 300 M DR AEZITO D L TH D, BUE, V7 KTy L
UL LT, BREBEY S 2L —32 3 & 8192Core THEWTE Y . 12000Core F
THlE EFAEDZETHD,

SGI ICE OF| 5%, gpgpu X clearspeed #E AT 51 7 U v RIS A HE
TR R, R, BEMEN LW ETHD, T, 2—PF O REILE .,
B, IPoIB O~ A F =T N0 T 50, MESINHGTHAI,

EHOHETIE, F—7 VAT LBV TI 77 A0 T/0 B 3L < 7
ONBHT, TOHTEVIIMEST R NEBLZTWDHERTTHo T,
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@ Exhibiter Events [Supercomputing Engine for Mathematica] by D. E.
Dauger (Dauger Research Inc.)

Matheamtica k¢ MPI 25| TX 272 OREHEBEICET LIHBETHH- T,
MPI v 77 I > 7 % Mathematica TZDEFITHI I LENTELTAT7 TV
LRI T I LR TE D, Mathematica F CREMEFHEZEE LW EITEZLDL
IWON, WIFFIZESTENLDZELHDL I ENDABOBEDIMGFEIND,

HKROKRA > MIROED THD,

BEAF 8GO gridMathematica Tlid, 7 —# BNRE LR D EEVWIT B2
XHEDZETHD, grid XA TOFETIE, T—H% 1 DD core (T4
KT HZLeRDlED, vAZ—) = RTUHETERLIRDTZOTH D,
ZDOxthis & LT, MPI {2 X 5 Domain Decomposition O FfHE 2 ZH 4 << |
MPI @ Send. Recv, Gather 72 & DOEHE % i 2 7= Br5E 2 ¥4 L 7=,
gridMathematica ® 7 1 &> 2 L TEMET 5 L 5 IS TV 5,
BARHIZIZ, Pooch &9 Dauger Research ™ MPI (ZH#+ 5 Y 7 &
WTHEED Mac TZ 7 AZ — &Mk LIZBREEIZI VT, Mathematica O
FrontEnd 726 MPI L[RIC KO eMigEa 4+ 2a~ 2 REeRITT2L52 8T
MPI WHIEHRZ1T S Z LN TE D,

TANF— b~ PRI TATHAFT IV ADY I ab—a /IHONT,
WAEI LT AN AR TH B,

gridMathematica & bz U, SEERICKBHE G AN AEETH 5,

MPI in Mathematica

Supezcompu!ing Engine for Mathematica 1 :

- Close llows MP! standard in Mathematica environment

Mathematica's Frant End
nsed gridMathematica

Ping-pong Benchmark Swap Benchmark
O-+0 gridMathematica and SEM . Q=0 gridMathematica and SEN ==

asea 7 e
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@ ACM Gordon Bell Finalist 369 Tflop/s Molecular Dynamics Simulations
on the Roadrunner General-purpose Heterogeneous Supercomputer] by

Sriram Swaminarayan et. al. (Los Alamos)

Roadrunner T MD =— R%& fifb L7290 E TH 72, Cell ® MD
T T T EADTF a—=0 T LonDRo TWAHIREZ T, o, EAW
IZ1Z. Cell-SPE & Opteron O DEENZ VL 5 725 LIz, EERITR- T
XA o[ TV N VIEVA AR 5 ¥ ¥ g W

ARIEER DG LD PDF (L. http!/scyourway.nacse.org/conference/view/gb124
Zi@ U IEEE O7 — A4 7 ACM OF VX VK EFENCERETE 5,

FERDORA » MIRDEY ThH D,

Roadrunner /%, 17 D= ~Z, 6528 fEl® Dual-core Opteron & 12240
@D Cell Z#5# L7515 CTH 5, Opteron D —7 1% 44.1 7 7 flops T,
Cell 2% 1.26 X% flops TH 5, == FHNTIZ 384GB/s @ InifiniBand T
s, == FElx 3.45TB/s @ InfiniBand T, 24 == ;¥ THifc
T&ED, 774NV AT AL, 216GB/s D I/0 BA[RETH 5,
Roadrunner |3 Mflops/W DEEEIFIIZIKV, =372 AT A TH 5,
SPaSM(Scalable Parallel Short-range Molecular dynamics)id, 1990 4EAX;
(e AT T EATHE S NHEBESER OS] MD =2— R Th b, 2005 4
IZ Blue Gene/LL ETEIET 2 L) ICBM TS, SPaSM iL, ©ROGEH
BRSNS LB, BREOT—Y sy MEFEICB AV SR TN,
AT O OFE T, ESE 25008, (4%8) KLIENTH D,
A& K7 Cell TO MD X, Opteron @ 3.5 (5D ETH -7,
Cell X, X7 MVANTOT —FETHLLENH Y, T —FHEEORLE L
Z1T-> 72, SPaSM D@L, ltimestep TF X H7=V 50000 X ¥ —
DERDIENDHD, AT, 6 FTICEEEES Lz, 20X I LT,
WE & T — % DANIEZIT 20%DHEM &> T\ 5,

Opteron |TiEE 224 L. Cell ® SPU THLOLFR AT~ 7=,

fEFL L LCIL, Opteron @ 6~9 {5 E CTrRlifbd 2 Z LN TET,
PEROER T — Y2 F I ab— g R YT, BEEICT AL
MARETH D, TDOLEHEIBITZ, < D flops HEEZHRS Z LN TE S, 8 =
= FOBE fERE TIX 195 7 7 flops Toh D2 HKEE Tl3 471 7 7 flops
L%,
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GacIE ~

MD simulations, Theory, and Experiment are :

enabling Ejecta Source Model Development at LANL

. R. Acay. Mateit Eaction orn Shock

Loaded Free Suriaces of Akmium and Loac

Sandia Report SAND76-0542 (October 1976).
AP )=y (Po) + my(a P )+

MPP )+

Richtmyer-Meshkov
theory (Dimonte et ai): i0,=3

u—
% m‘mﬂ

Shock
arecton|
Tin target with controlled surface finish
il NOSA
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@ BOF [The HPC Advisory Council Initiative |

Z® BOF %, EEMICTIE, 60 22507 —3¥, K% &0 HPC ICHT
Hay ) — T ADI—F 40 Thol-, HPC Hiff. A%y NU—27 | #
B, NANTFTIT 4 A EEIEAE LTS, 20 BOF Tid, FiidZ &>
WTC, 7V =T A Ay arnhIil, FFETXEELITRA LN -T2,
EREMIZIE, BAHEEWVWREET, MELTWARWna Y —v 7 A0 XL

bl

>

>
>
>

A\

A\

HPC FIH D FETORKDOFHHIL?

Ny =ty Ra—HF—OBRO L~ x 2

HPC UV YV —RZ L2 A EHESTNDDN?

BfhE, Ra vy =7 ADOANIZHR Yy RU—27128 509 BRERIZ D0
THHERIEtcx 2002

LD LWAENEDT-OIZ HPC ZfEW=R 52— — |2l EE ot
T-HHNLH D2

AEFEVEDVNZRIN 258 WNEH D D2

Koy — 7 A TOIEBRKRERIT ?
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Papers [ A Scalable Parallel Framework for Analyzing Terascale
Molecular Dynamics Trajectories| by Tiankai Tu et. al. (D. E. Shaw)

MD H 5 Anton OBEIMZIC TSN DE KT —X 2O\ T, T—X
iR 2 EFNCAT O FHEOREI CTH 5,2 HIRT-OHF D 2 DDA A v OFLE B
DR RYNT — 2 B0 HT FEEZIRR L TV 5, EBOFIEIDBATNNRA
YERTHY, HRIZTZT 7T ANV AT AMEGFTHEZANKENEZ I LS,
HAOE7 7 AT, LT 7V DA E Y Ny 7 7 ~O ) %34k
LT3, PFRIHERREEZ R0, BRBRY—1LThHD,

#w X @D PDF 1%, http://scyourway.nacse.org/conference/view/pap318,

HROKRA > MIROEY TH D,

Anton I%, 512 /— RO 71 b & A 773 2008 4F 10 HIZHEEI L T\ 5,

i Xy oA A 0EE BE) ITEBL TS ZEND, K2 TOF

T DI RINT — ZNOEEDA T DBERYNT — 2 W) HTSERNH D,

00 vapléicrtryrray hoHNZEEL, 1 IVPOEI T, 1

%ﬁ@x%y7y5ybf&HB@$~&%4f&ﬁéom~ﬁw?4X7

D3 RigZ 100MB/s &35 & BiAAARIT 1B B2 5D,

HiMACH (. Google type ® Map Reduce |Z X 2 4L % /&EHIZ =, MD

i & fi#HT 35 Python 7’0 7T A CThH D, 7L —ALT LOT—2 DG %

T, 2%, BEICEY. 7L—AMOF— 2 i %179 FIETH 5,

512Core # i % &, Single Core (2= 100 504 B < 72 5,

2 TRF-DHFNE 2 ODA A ONLEFEAE DR RAT — & 2 B0 H4 854,

1TB OF — Z fi#HT 3 15 43, fRNTRERIE, VMD OWE Ny 7 7 ~AT 5,

Motivation A Hypothetical Trajectory

*To gd} uonanm ‘g al processes that occur on 20,000 atoms in total; two ions of interest
he o B e

T —— Millisecond-scale MD Trajectories
Simulation length x10%s

»Maintain a main-memary resident data
structure to record ion states and positions *_Output interval tHE0s

~ Process frames in ascending simulated Total output frames 100 M frames
physical time order
A biomolecular system: 25 K atoms
E e X Position and velocity: 24 bytes/atom
Analysis (state transition) tight! ) —_— e

with d c { il s) Frame size: 0.6 MBfframe

Trajectory size = 100 M frames X 0.6 MB/frame
=60TB
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Problems with Sequential Analysis
Millisecond-scale trajectory size : 60 TB
Local disk read bandwidth: 100 MB/s
Time to fetch data to memory: > 1 week
Analysis time: Varied

Time to perform data analysis : Weeks
Sequential analysis lack the

computational, memory, and 110
capabilities!

A New Data Analysis Model
~ Specify which frames to be accessed

~Decouple data acquisition from data analysis
Trajectory definition
Stage1: Per-frame data acquisition

Stage 2: Cross-frame data analysis

Inspiration: Google’s MapReduce

npt tiem Ingd e i tes.

map(_.) mapl. ) mapl.. |

ajectory Analysis Cast Into MapReduce
~Per-frame data acquisition (stage 1): map()
~ Cross-frame data analysis (stage 2): reduce()
~Key-value pairs: connecting stage? and stage2

= Keys: categorical identifiers or names

= Values: including timestamps

= Examples: (ion_idj, (t, %k Yjx Z)

HiMach
A pReduce-style AP| that allows users to

write Python programs to analyze MD
trajectory

rallel runtime that executes HiMach user
programs in parallel on a Linux cluster
automatically

~ Performance results on a Linux cluster:

* 2 orders of magnitude faster on 512 cores
than on a single core

= 1 TB data analyzed in 15 minutes

Chained Reduce Operations
~Support multiple rounds of analysis

»Exploit a Python language feature (the yield
statement)

Trajectory definition

Per-frame data acquisition (map)

Cross-frame data analysis (reduce)

The HiMach Runtime: Overview

map reduce,,
smmes Sanl

Data management «—s Local disk

reduce,

VMD Task assignment

Paralie! VO Communication

HiMach Runtime

Parallel file system

Task Assignment

~ Assumption equal-weighted tasks
~Partitioning of the workload
= A block data decomposition algorithm

* No inter-processor communication when
assigning map tasks

= One collective operation (MPI_Allgather)
when assigning reduce tasks

Parallel /0
= Assumption
= Frames organized as megabyte-sized files
= Files stored in NFS or in a parallel file system
»~How to read the frames
= No communication needed to coordinate /0
* Reads issued by HiMach
= Frame data passed to user-defined map ()
~ How to write output results.

= Writes issued by user programs directly

Interaction with VMD

»VMD: Visual Molecular Dynamics (UIUC)
~Run an instance of VMD on each core

~Load molecule structure files
~Push frame into VMD's internal buffer

~Support frame caching and prefetching

xperiment Setup

# Cluster configuration
* A commodity Linux cluster with 128 nodes
* Two Intel Xeon 2 86 GHz quad-core processors [
= Two 250 GB A disks organized in RAID 1 per node
* CentOS 4.6 with a Linux kemel of 2.6.22
* Nodes connecled via a Gigabit Ethernet connection

» Storage configuration:

» PVFS 2.7.0 (a parallel file system developed at Argonne
National Laboratory) on 64 nodes

« Both the /O server and the metadata servers on all the

64 nodes 3

Experiment Setup
# Driving applications:

* lon permeation: Time series analysis (154 GB)

* Sliding-window RMSD: Measurement of structural
“proximity” between two frames (85 GB)

= Map teme (s}
» - Reduce tme (3)

Strong Scalability: Sliding-Window RMSD

—ar— Total tme (s)
®  Map tme (s)
- Reduce tme (5)

Seconds

I/O Performance: lon Permeation

-

= Ideal throughpu (MBis) ’
o Map thraughput (MB/s)

Weak Scalability: Sliding-Window RMSD
The 85-GB trajectory replicate:
00—

d 12 times = 1Terabyte
T T A

—a—Totaltme (5)
= Map tme )
% oty tme (5)

——

Summary

~HiMach = MapReduce + MP| + Python + VMD
+ A new MD trajectory parallel analysis model
+ A new interface for defining trajectonies
+ A novel method of running VMD in parallel

+ An extension to MapReduce to support
chained reduce operations

~Potentially applicable to data analysis for other
types of simulations
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