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Bbluncnexuusa Ha GPU

448 nep::

CPU + GPU
lNubpudHas apxumekmypa



GPU : nepenOMHbIX MOMEHT B OTPacnu
cynepkoMnbioTepoB

Lleckmon agbgbekmuesHee Kriacmepa

4 Tesla
C1060 GPUs

256 AMD dual-
core Opterons

55 60 65 70 Tesla Personal

KomnbloTepHas Tomorpacpus, Su percomputer
BpeMs 06paboTku $10.000

McTounuk: University of Antwerp, Belgium



BbiuncneHna Ha GPU ana pasnuyHbIX Leneu

Paspa6oTKa nekapcts PasBeaKka HedpTH U rasa MpoeKT1poBaHMe MeguumHCKasa BU3yanmsauyms

MonekynspHas [uHammKa O6paboTKa CEMCMMYECKMX JaHHbIX [MAPO- ra30MHaMMKA KT 1 MPT

ActpodmsmkKa ®uHaHCBbI Paspa6oTka P2A MporHosupoBaHue noroapl
MpoucxoxaeHne BCceneHHOM BbupxxeBas Toprosns MpoeKTnpoBaHMe aHTEHH ®dusmKa atmocdepsl

§)



[MpupocT nponsBoguTenbHocTn o 150 pas

PeHTreHofpaQ)uﬂ, MoneKynﬂpHaﬂ TpaHckoaupoBaHue MaTtemaTtnyeckue AcTtpodmsuka
Tomorpadus ANHaMUKa BMAaeo BblYUCIIEHUA RIKEN
U of Utah U of lllinois, Urbana Elemental Tech AccelerEyes

PuHaHCOBbIE JInHenHasn 3D ynbTpa3BykK KBaHTOBasi xumua FeHHas
3agauu anrebpa Techniscan U of Illinois, Urbana MHXeHepus
Oxford Universidad Jaime U of Maryland
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Apxutektypa CUDA

Cpepna pa3paboTku

TlokymeHTaUms, COTHM NPUMepOE m

Komnunartop Cu, ®optpan (PGI)

Noanepxka OpenCL n DirectCompute opencL | Fortran Direct | Java &

BubnuoTteku Compute| Python
* FFT

BLAS
LAPACK
Image processing /u,
Video processing
Signal processing
Vision

\pxutTektypa CUDA

® ® ® ®» & »
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YHuBepCcanbHOCTb apXUTEKTYpbI
200+ mnH. GPU noddepxuesarowux CUDA no ecemy mupy

GeForce® Teslam™ Quadro®
Pa3BneyeHusa BbicokonpounsBoanTenbHble BblYUCNEHUSA KoHCcTpymnpoBaHue 1 ansamH
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llepcoHanbHbIU cynepkoMnbromep Tesla

lMponsBoaAUTENIbLHOCTb

® MaccusHo napannenbHaa CUDA apxutektypa
® 1792 apnepa. 4 Tepadonon/c

* B 250 pa3 mouHee K

YaoobcTBO
* CynepkomnbloTep Ha pabo4vem cTone
* BkniovaeTtcsa B 0ObIYHYO PO3ETKY

JOoCTynHOCTb
® T[lporpammupyetcsa Ha Cun nog Windows n Linux
® CrtoumocTb nopsaaka $10,000

12



Yckopsaembiv Ha CUDA MHCTpyMeHTapmm
NS NapansieNibHbIX BblYMCIEHUM
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NMpounssoautTenbHoctb MATLAB Ha Tesla

Relative Performance, MATLAB® mldivide
Matrix left division (A\b), Tesla C2050 vs. Core 2 Quad Q6600

Double precision performance

2500

hatris size

http://www.mathworks.com/products/parallel-computing/demos.html?file=/products/demos/shipping/distcomp/paralleldemo gpu backslash.html

14


http://www.mathworks.com/products/parallel-computing/demos.html?file=/products/demos/shipping/distcomp/paralleldemo_gpu_backslash.html
http://www.mathworks.com/products/parallel-computing/demos.html?file=/products/demos/shipping/distcomp/paralleldemo_gpu_backslash.html
http://www.mathworks.com/products/parallel-computing/demos.html?file=/products/demos/shipping/distcomp/paralleldemo_gpu_backslash.html
http://www.mathworks.com/products/parallel-computing/demos.html?file=/products/demos/shipping/distcomp/paralleldemo_gpu_backslash.html

Tesla Bio WorkBench: 6uo- xumusa & 6uo- uHchopmaTuka

Molecular Dynamics & Quantum Chemistry

GROMACS:i=-

LAMMPS

Amber 11 §

Applications

| B P

r

Bio-Informatics

New lork _

Community Download, Technical Discussion Benchmarks
v -1y Documentation papers Forums & Configurations

Tesla Personal Supercomputer

Platforms

Tesla GPU Clusters

15



AMBER: Assisted Model Building with Energy Refinement

Released b Explicit & Implicit

Now! Solvent Im/plicit (GB) Solvent Ex/plicit (PME) Solvent
ns ns
* All ensembles (NVE, NVT, E, day
NPT) 60 20 18.11
49.90 18 ns/day
* Multi-GPU + MPI support 50 1Y
Q32010 B . patch to AMBER 11 i
40 14
12x 12 1 3.4x
30 10
Accuracy 8 c %
+  Must pass AMBER regression tests 20 6 nsiday
« Energy conservation must be comparible 10 4,04 4
to DP CPU results nslday p
Performance ? Myoglobin ° DHFR NPT 23,558 Atoms
* Implicit Solvent (GB) 65-120x single core 24g2gatoms ’
*  Explicit Solvent (PME) 27 cores » 2x Intel Quad Core E5462 * Tesla C2050 GPU
2.8 GHz

MOTE INTO
http://www.nvidia.com/object/amber on tesla.html Data courtesy of San Diego Supercomputing Center



http://www.nvidia.com/object/amber_on_tesla.html
http://www.nvidia.com/object/amber_on_tesla.html

{4

Everything that living things do can be understood in terms of the
jigglings and wigglings of atoms

Richard Fevnman

AMBER 10 - TRP Cage - 1 x EB462 cpu AMBER 10 - TRPCage - 1 x NVIDIA C1060
N . C
e = \

( 3

y
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MpunoxeHuna nporpammbl Tesla Bio Workbench

* AMBER (MD) * Docking

* ACEMD (MD) ® Hex Protein Docking
* GAMESS (QC) ® Sequence analysis

» GROMACS (MD) * CUDA-BLASTP

* CUDASW++ (SmithWaterman)

® GROMOS (MD) ¢ MUMmerGPU

* LAMMPS (MD) * GPU-HMMER

* NAMD (MD) * CUDA-MEME Motif Discovery
* TeraChem (QC) ¢ CUDA-EC Short-read error

correction

.

VMD (Visualization MD & QC)

32



PeanbHble I10Tpe6HOCTVI B BbIYNCIINTESIbHOWN MOLLHOCTU

Gigaflops

1,000,000,000 | 1 Exaflop

Bacteria
100s of

1,000,000 | 1 Petaflop R
ﬁ " Q} Chromatophores

Chromatophore
50M atoms
1,000
’ Ribosome
. NG 2.7M atoms
%& < m F1-ATPase
7 Estrogen Receptor 327K atoms Ran for 8 months to
BPTI 36K atoms i
g~ simulate 2 nanoseconds
1982 1997 2003 2006 2010 2012
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