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MD is intrinsically parallel, but also sequential

Initial input data:
Interaction function V(r) - "force field"
coordinates r, velocities v

Compute potential V(r) and
forces F; = V;V(r) on atoms

Update coordinates &
velocities according to
equations of motion

Collect statistics and write
energy/coordinates to
trajectory files

No

Done!

for millions of steps
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The floatingpoint performance generation of HPC scientis

forfk=niB; (k=njl); k++)
{

- ]

f#* Get j neighbor index, and coordinate index =*/
jnr = e .
i3

f#* load j atom coordinates. *f

jxl = pos[j3+8];

ivl = pos[i3+1];

jzl = pos[j3+2];

f* Calculate distance =/ ':}
dx11 = ixl - jx1;

dyll = iyl - jyl;

dzll = izl - jzi;

rsgll = dx1l#dx1l+dylls*dyll+dzll+dzll; ':::'

f#* Calculate 1/r
rinvll

r2 =/ -
1.8/sgrti{rsgll);

/#* Load parameters

igwcharge[jnr]; I:::I {:'

aq =
tj = nti+2xtypeljnr];

ch = vdwparam[tj]; G
clz = wvdwparam[tj+1];

rinvsg =

rinvilsrinvll; H

f+ Coulomb interaction =/
veoul = gg*rinvll;
votot = wctot+vooul; {}

f#* Lennard-Jones interaction =/

rinvsix = rinvsg*rinvsq*rinvsq;

Vvdwb = cB#*rinvsix; ':::' {j
Wvdwl2 = clZxrinvsix*rinvsix;

Vydwtot = VWwvdwtot+Vwdwl2-Vvdwb; I:I

fscal = (vcoul+12. B%Vwdwl2-6. B*Vvdwb ) *rinvsg;

f#* Calculate temporary vectorial force =/ {:'

tx = fscalsdxll;

Tty = Tscalsdyll;

tz = Tscal#xdzll; Gc:l
f#* Increment 1 atom force =/

fixl = fixl + tx; -I:]::II:'
Fiyl = Tiyl + ty;

fizl = fizl + tz;

/% Decrement j atom force =/

faction[j3+@] = faction[j3+0] - tx; ':::'
faction[j3+1] = faction[j3+1] - ty;

faction[j3+2] =

faction[j3+2] - tz;
Qo

/% Inner loop uses 3B fTlops/iteration */
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The Link-cell algorithm: Load 1 atom, calculate 1 interaction

Verlet, Phys Rev 159, 98-103 (1967)
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Organize

as tiles with
all-vs-all
Interactions:

Tile interaction algorithms:
Load N atoms, compute N*2 forces




TO FIRST APPROXIMATION, GPUS PRC
AN INFINITE AMOUNT OF FLOPS

OURFIRSTOB IS TO HANDLE
MEMORY BANDWIDTH



We change the algorithms to improve compute/memory r:
This Is great for modern CPUs too cupa

4x4 setup on SIMT-16

Classical 1x1 neighborlist on 4-way SIMD
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MPI staged through CPUs
PP task PP task

Buffer Packing Buffer Packing
Data MPI Data MPI
Data H2D Data H2D

I Data D2H Data D2H

GPUdirect halo communication

Build index map Build index map
Index map D2H Index map D2H
Buffer Packing Buffer Packing
Data P2P Data P2P
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From CPU to offloading to Gfelsident CPdcheduled kernels

. Schedule buffer ops _ —_
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Multiple GPUs & Multiple nodes
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Performance (ns/day)

Efficient strong scaling down to ~25,000 atoms per GPU

STMV 1M atoms benchPEP-h 12M atoms
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Tightly connected expensive nodes are not only good fo

Performance (ns/day)

STMV (1M atoms)
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In retrospect: How does software achieve impact?

Chi<oowNvle nei ours ¢

(JUsability, quality, performance, portability
(WJyou must build a broaéxternal user base
(OJsupport your users: blood, sweat & tears BT ORI
(Udust as for research, you first do the work, investeiis: teck jj !

time & effort, show promising early impact on AR
others- and then get funding. %
(D Life's most persistent and urgent question S,

IS, 'What are you doing for others?"
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MODELING CONFORMATIONAL CHA
WITH (MANY) SIMULATIONS



QUANTIFYING SLOW GATING IN SIMULA
MARKOV STATE MODELS

open open Kinetic model
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Open == Closed

Free Energy microsecond




Cathrine Bergh, eLife 10:e68369 (2021)

https://ebdims.biophysics.se/
Laura Orellana, Nature Comm. 7, 12575 (2016)
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QUANTIFYING THE GATING PROCESS
MARKOV STATE MODELS




MSM FREE ENERGY LANDSCAPES INDICA
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MODELING A MORE REALISTIC CONFORMATIONAL

Open ——— Closed
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VISUALIZING 1IMSKB¥HR GATING FROM MSM SAMPLIN



