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ñSuffering so great as I underwent cannot be 

expressed in words . . . but the blank whirlwind of 

emotion, the horror of great darkness, and the 

sense of desertion by God and man, which swept 

through mymind, and overwhelmed my heart,I 

can never forgetò



Morton Auditorium, Massachusetts General Hospital

October 16, 1846



Neuroexcitation Neuroinhibition



MEASURING GATING



Costly, because these

terms involve all pairs

MD is intrinsically parallel, but also sequential

With ȹt~ 1fs and ɛsto s

timescales of interest, we

need 109-1015steps.



The floating-point performance generation of HPC scientists







Ian Buck, vice president and general manager of accelerated computing at NVIDIA, delivers a special address at SC25



Donôt optimize your codefor GPUs - optimize the algorithm
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The Link-cell algorithm: Load 1 atom, calculate 1 interaction 

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

Tile interaction algorithms:

Load N atoms, compute N^2 forces



TO FIRST APPROXIMATION, GPUS PROVIDE
AN INFINITE AMOUNT OF FLOPS

OUR FIRST JOB IS TO HANDLE
MEMORY BANDWIDTH



We change the algorithms to improve compute/memory ratio

This is great for modern CPUs too CUDA

OpenCL

Intel MIC

x86 SSE2

x86 SSE4.1

x86 AVX

x86 AVX-128-FMA

x86 AVX2

x86 AVX2_128

x86 AVX-512F

x86 AVX-512ER

Arm Neon

Arm64 Asimd

IBM QPX

IBM VMX

IBM VSX

Fujitsu HPC-ACE

ARM SVE & SVE2

SYCL

HIP







MPI staged through CPUs

GPU-direct halo communication



From CPU to offloading to GPU-resident CPU-scheduled kernels



Multiple GPUs & Multiple nodes



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



Tightly connected expensive nodes are not only good for AI!



In retrospect: How does software achieve impact?

ωUsability, quality, performance, portability
ωYou must build a broad external user base
ωSupport your users: blood, sweat & tears
ωJust as for research, you first do the work, invest 

time & effort, show promising early impact on 
others - and then get funding.
ω"Life's most persistent and urgent question 

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



QUANTIFYING SLOW GATING IN SIMULATIONS: 
MARKOV STATE MODELS

Kinetic model



Free Energy

ClosedOpen

millisecond

microsecond



QUANTIFYING THE GATING PROCESS WITH 
MARKOV STATE MODELS

Cathrine Bergh, eLife 10:e68369 (2021)

https://ebdims.biophysics.se/

Laura Orellana, Nature Comm. 7, 12575 (2016)



MSM FREE ENERGY LANDSCAPES INDICATE
LOW OPEN PROBABILITIES



MODELING A MORE REALISTIC CONFORMATIONAL CYCLE

Kinetic model 

including desensitization



VISUALIZING 1MS OF NACHR GATING FROM MSM SAMPLING


