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When benchmarking makes the difference:
simulation of pump and probe experiments, a practical case

E"l leads your way

EEEEEEEEEEE

ANALYSIS

]
=
=
i
=

INTEGRATION

INSTALLATION ASSISTANCE

CONFIGURING

fromAtoZ

Piero Altoe
HPC Specialist (EMEA)

Europar 2010, Ischial




Europar 2010, Ischia'

‘ E4 Focus

leading-edge & cost-effective
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B ﬁ E4 Products Portfolio

Workstation (deskside, desktop, TESLA)
Server (nodes, blades)

Storage (parallel, distributed file systems)
SAN

Cluster (with GPGPUs, FPGAS)

Interconnect and switch
(GigE, 10GigE, Infiniband, Myrinet)

Scalable, Reliable, Advanced
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E4 Services

i - Assessment of the requirements

g 1B

Benchmarking
Analysis of Alternatives

TCO, ROI analysis

Installation and start-up

Predictive and on-fault maintenance
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http://scl.phy.bg.ac.yu/
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A successful deployment

B

ECOLE POLYTECHNIQUE
Laboratory of Multiscale Modelling of Materials (LMMM) FEDERALE DE LAUSANNE

N —
"ﬂ!‘.‘

Prof. Efthimios Kaxiras

Major applications:
« computational method for clinical cardiovascular diagnosis
« combination of microscopic Molecular Dynamics (MD) with a hydrokinetic Lattice

Boltzmann (LB) method
» hydrodynamic interactions among the suspended bodies and the surrounding fluid

» modelling blood flows in extended coronary arteries

Europar 2010, Ischia Enbinching




RAMUS

OoMmi BRANCH

ESS (Pa)
HER =

0.0 50 10.0

LM/LAD

Europar 2010, Ischia'

A successful deployment

B

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Diagrammatic ESS map eliciting the
connectivity of the vessels, the
attachment points, and the
longitudinal  (vertical axis) and
azimuthal (horizontal axis) modulation
of ESS, indicated by the color scheme
shown at the bottom.

The horizontal direction is
proportional to the artery local
diameter and labels indicate the
conventional naming of coronary
vessels. The white compact regions on
the ESS map represent attachment
regions on the mother vessel, where
proper surface points are locally

absent.
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ﬁ: ﬂ A successful deployment
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ECOLE POLYTECHNIQUE
Building block: FEDERALE DE LAUSANNE

* plenty of MFLOPS

* DDR Infiniband

 easy to scale up and out
 upgradable (socket, GPU, mem)
 easy to isolate
* self contained
* modular

* rack-mount

e Linux

« CUDA
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System design:

— InfiniBand 20Gb/s
— Ethernet 1Gb/s
—_— Ethernet 10Gb/s

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSAMME
nfiniBand DDR switch o 5
24x20GB/s =

to EPFL network

Log-in/management
node01

to EPFL network

'.

Log-inf/management
node02 (optional)

GPUlarge01 — GPUlarge02

ETH switch

48x1Gb/s + 4x10Gb/s

I |

PANASAS HPC storage

GPUlarge15 — GPUlarge 16 EL
. T
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ﬁ" ﬂ A successful deployment
(-

El.‘_ZCJ LE FOLYTECHMNICQLUE
FEDERALE DE LAUSANME

System Execution time (sec) MFLUPS
1xC870 GPU 760 53
2xGT200 GPUs 159 252
8xGT200 GPUs 41.9 955

Timing of 10,000 iterations on an irregular domain with ~4,000,000 voxels on
multi-GPU architectures. The performance is measured by using the de- facto
standard unit for Lattice Boltzmann, that is Million of FLUid node lattice Updates
per Second (MFLUPS).

A MFLUPS is equal, approximately, to 200 million floating point operations per
second (MFLOPS).

— El,
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Rhodopsin E‘l
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i Into the eye

Rhodopsin

Conical
Intersection

All-trans
photoproduc,

Reaction time: 1x1013 s

Rhodopsin E'-l
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Pump & probe

Stimulated
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Experimental setup
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Theoretical setup

* QM: Retinal chromophore, CASSCF(12,12) / 6-31G*
* MM: Rhodopsin protein, fixed at crystal structure values, Amber
movable waters 2a/2b, lysin296

« Geometry optimization

* Numerical frequency calculation

» Generate initial conditions by thermal sampling of Retinal ground state
vibrational modes at 300 K, C-H and N-H stretching modes not sampled

%
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Theoretical setup

* QM: Retinal chromophore, CASSCF(12,12) / 6-31G*

* MM: Rhodopsin protein, fixed at crystal strucyre values, Amber
movable waters 2a/2b, lysin296

« Geometry optimization v

* Numerical frequency calcul

 Generate initial conditions
vibrational modes

hermal sampling of Retinal ground state
and N-H stretching modes not sampled

%
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o ‘ Timing

Expectation time:
25 days for each of the 200 calculations

120000 h

With 7 jobs per node we have extrapolated

500000 h

We need to optimize: a single job takes
3 months

Europar, Ischia, 9/2/2010 '
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*'wi Timing

Expectation time:
25 days for each of the 200 calculations:

120000 h

With 7 jobs per node we have extrapolated :

500000 h

We need to optimize: a single job takes
3 months

Bottleneck disks :
Transfer rate or access time?
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. ad ‘ Benchmarking
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RAIDO vs. SINGLE DISKS
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Simulation results
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Starting from the
crystal structure of
the protein and the
foundalmenal
constants, we are
able to reproduce
the full behaviour of

the system
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Conical intersection dynamics of the primary
photoisomerization event in vision

Dario Polli', Piero Altod”, Qliver Weingart™, Katelyn M. Spillane®, Cristian Manzoni', Daniele Brida',
(Gaia Tomaselle®, Giorgio Orlandi®, Philipp Kukura®, Richard A. Mathies®, Marco Garavelli® & Giulio Cerulle’

Ever since Lhe conversion of the 11-cis retinal chmmophore to its
all-trars form in rhodopsin was idemt ified 2s the primary photo
chemical event in vision', experimemtalists and theoreticians have
triad to unvel the molsculer details of this procss. The high
quusitisn Feld of 155 (ref. 2), the production of the prisary
groind-state thodopein photoproduct withis a sere 2006 frofs
3-7), anl the storage of considerable energy in the fimt stable
bathorhodopsn intermediate® all suggest an unusnally faa and
efficient photoactivated ane way reaction®. Rhodopsin's unique
reactivity is generally sttributed to a conical imtersection between
the pamten tial energy surfaces of the ground and excited electronic
states™ " andd thereby enables the efficient amd wltrafast conver
son of photon energy inte chemical energy'™ ™. But olaining
direct experimental evidence for the nvolvement of a conical
interaction it challengiig the eergy gap bitwesn the dectrosic
states of the i lecule cha ignificantly over an ultra-
short timescale, which calls for observational methods that com-
bz hiigh bemgroral resobition and a broad speciral observation
window. Here we show that ulirafast optical spectroscopy with
sub-20-f5 time resolution amd spectral coverage from the visble
14 the mear-infrared allows us o follvw rhadopsn somenzation,
We track coherent wave-packet mation from the photoexcited
Franck-Condon region to the photoproduct by monitoring the
Jovss of re actamt emission and the subsequent appearance of phot o
product shsorption, amd find excellent agreement between the
experimental ohservations and molecular dynamics calculations
theat irrval ve a true electronic states crossing. Taken together, these
findings constitute the most compelling evidence 1o date for
the existence and importance of conical intersections in visual
photochemistry.

‘Weinitizted the photolomerteation reaction in the retinal chromo-
phore of purified thadopsin by 10-f 300-nm pump pulses resonant
with the gronmd-state she orptinn. The photrinduced dymeies were
then probed by delaal uhrabmadimd few-opticalcyele probe
prukses, either in the visible wavelength regiom (310-720nm) or in
the near-infrared (NIR, 820-1020nm), generated by smchronteed
aptica | parametric amplifiers ¥, The temporal resolution was <206
arver the entire manitored spectral rmge. Figure 1a presents a differ-
ensinl trasmerniael e { ATTY gese & frmetion efprobe vaived stegth arad
pruip—piohe time deay. Intecitely folowing, excitation frm the
ground state (5) to the fnt excited singlet state (5}, we observed 2
pemitive ATV T signal (blue in the Agure) with maxdmum intensity at
~650nm, which is assignel to stimudged smission Fom the excited
state due tor the negligihle ground-state absarption in this wavelength
sikinges The stisindtve] eintiasiins sl tugrlly diis o the red while
lrsing intensity and disapparring towave engthe longer than 1,000 nm

within ~75 fx. Atthis time, the AT) Tsignal changes signand tums into.
1 weak photvinduced shworption signal (red in the figure), which
indtially appears at 1,000 nm and then gradually shifts to the Hue
and increases in intensity. For delays longer than 20045, the phot-
nchuce] aheorption sl chabiize we o koo Eved bund paking st
560 e, inclicating the formation of the al-trirs photoproduct. We
emphasize that theuse of 2 sub-15-fsNIR probe i the key 1o observing
the transition hetween the excited and ground dedronic states. Time
traces at sebected probewavelengtis are shown in Fig. 1b, highlighting
the red shifi of the stimulated emission signal and the subsequent e
shift af the photoinducel atworption:
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Figure 1 | Wawe-padket dynamics through the rhod apsin conical
intersection. a. c. Experimental {2} and simulated () differen tial
wansmissian {ATYT) map s a fancticon of §me delay and wavelength in the
visibleand NIR spectral regiona. The white areain the experimental data
around 750 nm camesponds o e blind region”of our set-up. Greylinesare
guidas to gie eye, highlighting the shifts o fthe stimulated emission (hlus)
and phatoin duced absarption (red/orange} signals in time-
b, d, Bxperimental (b} and simulated {d} AT/ T dynamics at selected probe
wavd angths
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Europar 2010, Ischia I

Acknowledgment

Dr. Dario Polli

Dr. Cristian Manzoni
Daniele Brida

Prof. Giulio Cerullo

Dr. Oliver Weingart

g—
ot Y 2%,
& 7Y, 0 @&
) .
feeﬁﬁsga

Dr. Katelyne Spillane
Prof. Richard A. Mathies

COMPUTER

ENGINEERING

Simone Tinti
Wissam Abu Ammad
Marco Costi

Cosimo Gianfreda

ENGINEERING



e ﬁ Thank you

Europar 2010, Ischia

®

COMPUTER
ENGINEERING

email: piero.altoe@ed4company.com
E4 Computer Engineering SpA
Via Martiri della Liberta’ 66
42019 - Scandiano (RE), Italy
www.e4company.com

Switchboard: +39.0522.991811
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