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(1 BFN: Distribution-Centric

@ Problem: Circular BFNs Break Additivity

® Experiments: CSP and CLF

Crystal Structure Prediction (multi-seed mean = std)

- Diffusion denoises noisy x;; BFN denoises belief means .. * 1D circular BFN: posterior accuracy depends on mean direction.
. . Method MP-20 MR1 MP-20 RMSE| MPTS MR? MPTS RMSE |
* Means average observations, so the network sees cleaner inputs. - Accuracy no longer follows the additive law p «— p + a
' CDVAE 33.93+0.15 0.1069+0.0018 5.21+0.13 0.2083+0.0023
Cleaner inputs — smoother target — easier convergence » Training becomes schedule-sensitive and needs heuristic stabilization. DIffCSP 51.890.30 0.0611+0.0015 13.95+0.11 0.1422+0.0053
. . Gaussian Distribution j-p(X) / 1D Circular Bayes Updates \ ECIUICSP 57.48+0.18 0.0510+0.0010 14.48+0.19 0.1201+0.0029
Diffusion BFN input param: 8,=(u=0, p=1) " _ prior  obs. Posteﬂof Circular updates mix
noisy data -> data prior parameter -> data ° I . — Baves Accuracy . . P . FlowMM 61.26+0.14 0.0572+0.0014 16.11+0.17 0.1831+0.0021
) H \ 4 - distribution ® Q upgates\ Drops! Core direction and confidence;
% NN issue BFN loses its clean CrysBFN 64.33+0.24 0.0445:0.0010 19.7120.72 0.1112+0.0077
prev. beliefo. . ' _/IN_ | / : . .
rilmamay x To |i ¥ o Acetrasy ipdates” \/ I% information clock. PeriodicBFN 70.05:0.04 0.0370:0.0009 27.03+0.13 0.1105:0.0024
o ¥ ayesian aile ‘
=updated belief 6 %_,,JN_ ) .’ i e +5.7 / +7.3 match-rate points over strongest prior BFN on MP-20 / MPTS-52.
output param: 6,={yu,, p+Za} J"ll ll"k

Ablation on MP-20 CLF phase synthesis

wapwbtn S 1 @ PeriodicBFN: 2D Embedding + RB
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Variant Method PSNR1

BFN moves the posterior belief .
o T Conj. Grad 34.31+1.21 1.45
data point path belief mean path toward data; the net works on a PeriodicBFN Bayes Updates | 4 . ™\ FORERIE AN e I =
compressed state R o i Additive-accuracy EyeReal 27.46+1.18 51.55
: N Addit - w/o RB 66.11 0.0507 o '
distributiog G i 53335e3> Accuracy Feat. structure yields a clean EyeReal + PeriodicBFN | 31.40+1.05 28.49
tinuous-time and y 0T '
Bayes  Are Gl w/0 2D emb. 60.02 0.0569
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Expadted symmety- |7 == N
- Crystals: Fractional coordinates lie on a torus. Lot targets W  equivalenttargetsu . S BTG
- . . L N o CoeREN Bl e, Yool 2 o LN e, 5 W
- CLF: Distinct periodic phases can render identical intensities. Network |- --> BEN loss rys O s 0 R o, N .8
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» A key step toward glasses-free 3D display. rA [ dd -------- A e S @
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j | Lattics parameters % %: @ T Crystal i Bayes Update T S VAN
- Fractional coordinates T : - ;ﬁ:?;‘j?;ry: N H1 =1
E ! . (Fai, Fp1, fe1) ,‘/'/':"'(, ‘:::::::::::::::::::::::: translation : E Po = ,]\ ( ]/ 11 S
: : I : I ; ; : I u <
@ (a2 fp2 fe2) i Oﬁgi.-., @ @ @ invariance ! L Pr(p: | W) )
| Atom types 1 T : : :
P ~ o+ 06)mod1 | - Embed each periodic scalar 6 as (cos 6, sin 8); run Gaussian BFN updates in 2D.
p L—sm(91+92+93) ““““““““““““ N * Precision is scalar again; p carries periodic geometry.
wnie wont i n m [ ‘
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’ i' . . = 5 RB target: posterior mean over symmetries
f | O ¥
E'\\ e e /: Sin2 ; :

------------------------ ”symmetryi Ugg = E, [ u(g-x) | p] Lrs = E; || Ge(bst) — Ugg |2

________________________

; ._\.i\:':':':':':':':':':':_:':':':':':':':':':':':':’::::::::::.::::::::::::i*"i’! CSP: g = 6 periodic translation | CLF:g=s € {1} sign/ m ambiguity
Averaging equivalent targets reduces denoising-target variance.
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