
Geometric	
  analysis,	
  Diffusion	
  models,	
  Reac5on	
  coordinates
in	
  Molecular	
  Dynamics

We	
   view	
   sets	
   of	
   configura5ons	
   of	
   a	
   molecule	
   along	
   long	
  
trajectories	
   as	
   a	
   set	
   of	
   points	
   in	
   high-­‐dimensional	
   state	
  
space,	
  and	
  analyze	
  its	
   local	
  geometry	
  to	
  find	
  a	
  local	
  intrinsic	
  
dimension	
   and	
   a	
   local	
   scale,	
  above	
   the	
   scale	
   of	
   noise	
   but	
  
below	
   the	
   scale	
  at	
   which	
   the	
   set	
  of	
   trajectories	
   curves,	
  at	
  
which	
  the	
  set	
  of	
  configura5ons	
  may	
  be	
  analyzed.

WIth	
   these	
   no5ons	
   we	
   construct	
   locally	
   scaled	
   diffusion	
  
maps	
   that	
   yield	
   reac%on	
   coordinates	
   for	
   the	
   system,	
   and	
  
associated	
   low-­‐dimensional	
   nonlinear	
   projec5ons	
   of	
   the	
  
state	
  space.	
  The	
  approach	
  is	
  highly	
  robust,	
  does	
  not	
  require	
  
the	
   user	
   to	
   specify	
   a	
   fixed	
   local	
   scale,	
   as	
   in	
   previous	
  
methods.

We	
   demonstrate	
   on	
   several	
   systems	
   that	
   the	
   low-­‐
dimensional	
   representa5on	
   of	
  the	
   system	
  and	
  the	
  reac5on	
  
coordinates	
   we	
   find	
   are	
   able	
   to	
   accurately	
   reproduce	
  
certain	
   sta5s5cs	
   of	
   the	
   dynamics,	
   such	
   as	
   reac%on	
   rates	
  
between	
  semi-­‐stable	
  configura5ons,	
  and	
  are	
  able	
  to	
  capture	
  
some	
  fine	
  details	
  of	
  the	
  energy	
  landscape.

The	
   methods	
   proposed	
   hold	
   promise	
   for	
   larger	
   and	
  more	
  
complex	
  molecules.
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Mul%scale	
   singular	
  
values	
   for	
   local	
  
intrinsic	
   dimension	
  
and	
   local	
   scale	
  
detec%on.
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