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The huge increase of HPC capabilities now enable to use advanced
computational chemistry approaches.
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Phase Transition for a Hard
Sphere System

B. J. Arper Anp T. E. WAINWRIGHT
University of California Radiation Laboratory, Livermore, California
(Received August 12, 1957)
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IBM-704:

N=32: 7000 collisions / h
N=500: 500 collisions / h
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Studies in Molecular Dynamics. I. General Method*

B. J. ALpER AND T. E. WAINWRIGHT
Lawrence Radiation Laboratory, University of California, Livermore, California

(Received February 19, 1959)

A method is outlined by which it is possible to calculate exactly the behavior of several -hundred inter-
acting classical particles. The study of this many-body problem is carried out by an electronic computer
which solves numerically the simultaneous equations of motion. The limitations of this numerical scheme
are enumerated and the important steps in making the program efficient on the computers are indicated.
The applicability of this method to the solution of many problems in both equilibrium and nonequilibrium
statistical mechanics is discussed.
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Correlations in the Motion of Atoms in Liquid Argon*

A. RaaMAN
Argonne National Laboratory, Argonne, Illinois
(Received 6 May 1964)

50 T T T
°
°
x
40F D x243x10° cm? secl—p , -
-
- °
. .
Zz
- ;l ° =
w
2 3.0+ of 1
3
a
o =
o
w =
3
1 20} 7 E
o
w
z
a
w
=
10+ -
[] 1 1 1
o 1.0 2.0 3.0
/o - TIME IN 10-12 gec

Production time ~20000 steps

864 particules
\ Time per step ~ 45s
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A system of 864 particles interacting with a Lennard-Jones potential and obeying classical equations of
motion has been studied on a digital computer (CDC 3600) to simulate molecular dynamics in liquid argon
at 94.4°K and a density of 1.374 g cm™2. The pair-correlation function and the constant of self-diffusion are
found to agree well with experiment ; the latter is 15% lower than the experimental value. The spectrum of
the velocity autocorrelation function shows a broad maximum in the frequency region w=0.25(ksT/%). The

“shape of the Van Hove function G,(r,f) attains a maximum departure from a Gaussian at about f=3.0
X107 sec and becomes a Gaussian again at about 1072 sec. The Van Hove function G4(r,f) has been com-
pared with the convolution approximation of Vineyard, showing that this approximation gives a too rapid
decay of Ga(r,t) with time. A delayed-convolution approximation has been suggested which gives a better fit
with G4(r,f); this delayed convolution makes Ga(r,f) decay as # at short times and as ¢ at long times.
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and take EXPENSIVE CLINICAL TRIALS AND FEW DRUG APPROVALS
10to 15 CAN DRIVE UP DRUG PRICES FOR CONSUMERS.

years.

MONEY SPENT
NEW DRUG APPROVALS ON PRESCRIPTION DRUGS
(IN BILLIONS)

45
39 41 'f

30
24 26

g g 28 g

N N N

27

make it
to market. Only 22 novel drugs were approved Americans spent $324.6 billion on prescription

last year—a 57 percent drop drugs in 2015, This amount represents almost
from approvals in 2015, 20 percent of US health care costs per capita.

THE SCIENTIST STAFF; DATA FROM FDA AND CMS
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Puissance de calcul (TOP500 et projets de calcul distribué)
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Figure 1. Theoretical model of suspension bridge.

Hirai’s research on lateral torsional buckling of suspension bridge starts at the Equation 1.
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Where, 1) and @ mean main girder’s buckling displacement in vertical and torsional




Towards Exascale
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Tinker-HP is a new molecular modeling platform allowi ng for molecular
dynamics simulations using highly precise new methods
(new generation polarizable force fields ).

Massively parallel MPI implementation on CPUs and GPUSs.

Objectives : to simulate the dynamical time evolution of a molecular system
thanks to Newton laws.

Such methodology is million times faster than quantum mecha nics but
remains accurate thanks to new generation force fields grou nded on
guantum chemistry and including  many-body effects

Tinker-HP
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Tinker-HP

Tinker-HP

L. Lagardere, L.-H. Jolly, F. Lipparini, F. Aviat, B. Stamm,
Z. F. Jing, M. Harger, H. Torabifard, G. A. Cisneros,

M.J. Schnieders, N. Gresh, Y. Maday, P. Ren,

J.. W. Ponder, J.-P. Piquemal,

Chemical Science, 2018, 9, 956-972 (open access),
DOI: 10.1039/C7SC04531J

Website: http://tinker-hp.ip2ct.upmc.fr/
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