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Target Measure Diffusion Maps — Sharp estimates for Target Measure Diffusion Maps show that conver- ~ "® e staieay o oolaiing e prefactors is fhe
Goal: Approximate infinitesimal generator £ for the expansion of integrals of the form

ime-reversible dynamics governed by the SDE - J@nce 1S faster when approximating the generator of an overdamped
(1) dx=pgWviogwxdt+y26aw  Langevin diffusion on its committor function with a quasi-uniform

Kep(X) 1= J Ke(x,y)ply)dy
M

We recall that the generator is given by sam pl [ ng densrty: ixvﬁoﬂfnea?gggrgﬁgfegréﬁ:r Taylor expansions of K¢
(2) L=p1(A-Viog(u)-V).
)
Input: Dataset ¥ ¢ M ~ dp, target measure p, ker- Let the i.i.d samples X(n), bandwidth €, and target measure u be used for constructing the TMD map generator L(E”) . Then for f € C2(M) and large enough
nel bandwidth €, and kernel matrix | y ) H
n and small enough €, with probability greater than 1-2n3 we have:
(3) [Kelij = exp (e7tIxi-xjlI5) := ke(Xi, X;)
- estimation): -1 (n) € logn 1/2
Step 1 (Kernel Density estimation): 4B F=LF00] = = 7\ St S(20IVmfxillet? + 11f(xi) ) + €( Balf, u1 + Balf, i, p1 + B3[f, ., p])
(4) [M]jj = 6jju(x)) De=n"tdiag(Ke1) |
Step 2 (T : lization) The expressions for B1, B2, B3 are given by:
ep arget measure renormalization):
(5) Ke = KeDIML/2 BoIf, u, 0] := : (ZVf v(ul/zAp) + (ul/zAp)f) Cancels when p is quasi-uniform Is(u)=S(OMl; = ully + C(0) () = OClul)
€U — Ne r M T ° - - N _ 2 2 _ 2

© 16 0 0 dy(u) =1+ Cg(u),Cg(u) = O([[u]l5)

Step 3/Output: Generator: N 1 r . Using the discrete maximum principle we prove
1 3 1 A('ul/z) Ap A(ul/z) A('ul/zf) an error estimate for solutions to Dirichlet BVP’s:
De,u = n""diag(Ke,ul), Pe, iy = D Ke.u Bslf, u, pl :i=— 7 (——w) f 173 17 Cancels when 2f(x) =0 ; .
(n) |- Pe,u 16 H P H H Corollary. There exists a constant C(M) such that
(6) Le,u = c 1 - - e - B with probability greater than 1-2n72,
: : Bilf, ul := — [Q(ful/z) —fQ(ullz)] + —(ZVf-V(ul/zw) - (ul/zw)Af) Reduces when M is flat -1 (n)
Banisch et al. [1] prove that 4L, is a Monte 'FiT 16 larmp(Xi) —a(Xi)lleo < Cl[487L_ uq—£Q||00-

Carlo approximation of .: . '

(7) 4BHLI) f(x) — Lf(x) + O(€) as n — oo Wh _ _ _ _ _ _ _ _
Computing transition rates en less is more: Removing points to enhance spatial uniformity (é6-nets) improves the

Let A8 c 0 be disjoint closed subsets of v and  FODUSTNESS Of diffusion-map based transition rates for conformational changes in molecules!

Nag(T) the number of transitions from A to B up to

time T. Then USing transition path theOry (TPT) [3] a) @ = 0 ° C) o = 120 " Atta|n|ng uniform densities
the transition rate vag is given by with 6-nets Computing Vag
- | | | n .
VAB = TII—>mooT_ Nag(T) = Ja IVall5u(x) dvol(x) Metad. + delta-net —— Metadynamics + delta-net, deita=0.15 | TMD map In 12-D,
0.20- 1.2-
Here Q = M\(AUB) and q is the committor function ﬁ # A = 6_1( BO.Z(T[))'
defined by the committor BVP: —1.0- 1
. h'l. TR B = 07}(By(1/3) LBy y(51/3))
(8) £g=0, ¢ ‘6A= 0, ¢ ‘aB= 1 ' \&00.8
S S
Data \%
TMD maps can be used as a meshless algorithm 0.10 E 0.6 < AB
for numerically solving the committor problem 0.4. Metad. 0.0016 0.0109
since Le,y IS a discrete approximation to L: 0.05- T OAVLLLLL AL ] Metad +delta-net  0.0039 0.0112
0.21 Improved accuracy : .
Le,udTMD(X) = 0 91MmD |AUB=[B and stabilityto = _ True value N/A  0.0114
; : : : : : : . . : Lssssnsnnnnm |
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