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Abstract
Dynamic time warping (DTW) is a useful method for aligning, com-
paring and combining time series, but it requires them to live in
comparable spaces. To alleviate this, we propose Gromov dynamic
time warping (GDTW), a distance between time series on potentially
incomparable spaces that avoids the comparability requirement by
instead considering intra-relational geometry, and automatically in-
corporates invariances. It draws inspiration from the area of optimal
transport between probability measures. We demonstrate its effec-
tiveness at aligning, combining and comparing time series living on
incomparable spaces.

Dynamic Time Warping
Find alignment matrix minimizing total alignment cost

DTW(x,y) = min
A∈A(Tx,Ty)

〈D,A〉F = min
A∈A(Tx,Ty)

∑
ij

d(xi, yj)Aij

x,y: time series of length Tx, Ty
D: distance matrix A: alignment matrix

Connections with Optimal Transport

Time series ≈ ordered discrete measures

Gromov Dynamic Time Warping
GDTW(x,y) = min

A∈A(Tx,Ty)
〈L⊗A,A〉F

= min
A∈A(Tx,Ty)

∑
ijkl

L
[
dX (xi, xk), dY(yj, yl)

]
AijAkl

X Well-defined if x, y on different spaces
X Invariant under isometries by nature
X Estimated via Frank–Wolfe method

Application: Barycentric Averaging

Barycenter: any isometry class x satisfying

D∗ = arg min
D∈RT×T

J∑
j=1

αj GDTW(D,Dxj)

Application: Generative Modeling

Top: DTW samples Bottom: GDTW samples

min
θ∈Θ

Wε(µ, µθ) := min
π∈Π(µ,µθ)

E
(x,y)∼π

GDTWγ(x,y)− εH(π),

xj Time series data
µ Sum of Dirac measures centered at data
µθ Distribution of generative model
Wε Entropic Wasserstein with GDTWγ ground cost

Application: Imitation Learning
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min
θ

GDTWγ(yexp,xθ).

yexp Expert state trajectory
xθ State trajectory under policy πθ
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