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Problem:
p* € argmin £(p) = KL(u, p@'9) with  pf9 oc eV (VI)
pell

N=N"={p=N(m,%) | meR? e Sym}}

State of the art: Wasserstein Gradient Flows restricted to A¢ O —c
[Alvarez-Melis et al., 2022; Lambert et al., 2022; Diao et al.,2023]
Hellinger-Kantorovich GFs [Liero et al., 2025b];
Laplace method [Tierney & Kadane, 1986]

Issue: The problem might be non-convex if p*9 non-longcave
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GAUSSIAN CONSENSUS BASED OPTIMIZATION (GAUSSCBO)

High-level idea of CBO [Pinnauetal."17] = 0.00
e Candidate solutions as interacting particles S
e Deterministic drift towards consensus point
e Stochastic exploration of search space

—— particles

Gaussian version
v/ Gaussian particles  p' = N(mt,XY)
v/ consensus point — barycenter
via Bures-Wasserstein (BW) Riemannian geometry
Stochasticity — BW manifold is NOT geodesically complete

Linearized Bures-Wasserstein (LBW) space —: linearize around p° = N (m°,x°)

Tangent space at (m°, %) € R? x Sym} ™ :
(m,T) € R¢xSym, = RIHd+1)/2 (Symj ™ — Sym, V)
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THE PARTICLE DYNAMICS IN LBW

LBW particles: (m%,$) — (m!,T%) with ¢ = exp® (1)
Riemannian exponential:  exp®(T) = (I + T)=°(I + 1)
LBW weighted barycenter (= best particle)

N N
= wm' TN =3 w T with w'ecem 00, pt = N, )

dm = N [p)'] = my)dt + o (o] —mp) © dB™ i € [N]
T} = ANT"[p)'] = T)dt + o(T"[p}'] = T}) © dB;" i € [N]
a>1 X>0drift parameter, o > 0 exploration parameter
— Well-posedness & convergence analysis via mean-field approximation
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VALIDATION TESTS
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Baselines: Gaussian Wass GF, Gaussian SVGD, Gaussian Fisher-Rao

A=1,0 =5, N =20,a = 10%. Reference measure for LBW is (0, I)
— higher dimensional tests, and extension to Gaussian Mixture Models in the paper
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