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THE TAKE-HOME

THE PROBLEM

Recover R € SO(3) that aligns an observed object to a reference.

THE HOLOGRAPHIC IDEA

THE HOLOGRAPHIC PRINCIPLE

‘t Hooft (1993) & Susskind (1995):

Given any closed surface, we can represent all
that happens inside it by degrees of freedom
on this surface itself.

Robotics & pose - molecular reconstruction - computer vision
all on band-limited data on the sphere.
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VOLUMETRIC: V global & reliable X but O(L*) — costly

HSA does the same by symmetry, not gravity.

LOCAL (ICP): v cheap per step X but needs init - local minima ¢ — angular frequency; m — azimuthal order.

m — east-west nodal lines
£-|m| — north-south circles.
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the part of the boundary hologram reads best!

WE WANT: deterministic - global - fast.
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Gauge aég ) — D" (G) ay quadrupole, B small
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Holography Hly) =2 Z W Qg € 2T — et boundary hologram H[y]

Rotation — shift H'ly|~H [y — %4] Fourier shift on the boundary

Read a =27 S / M o= AL FFT phase correlation

L] Polar search E(B) = ZH dé(ﬁ)TEf(_&) a'y — Fy(7)ay H2 1-D in ﬁ Yy per frial

THE BULK

Compose R undo the gauge
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(a) bulk rotation — boundary shift (b) FFT read-out of & (c) 1-D polar search Analogy is a two way street. The boundary map is lossy (~4/L).
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1.0 - L5 : . (a) reference f(0, ¢) (b) observed f =R(R)f, R unknown (c) aligned Rf over reference Pushing this purely geometric bound into black hole thermodynamics predicts INFO LIVES ON THE BOUNDARY
e ' === lotal quadrat a logarithmic area correction to the Bekenstein—-Hawking entropy.
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0 10 20 30 0 10 20 30 0 1 2 3 geodesic error =2.2° Schur's lemma + Cauchy-Schwarz set ¢ from the bulk symmetry group
boundary sample y circular shift s polar angle f Same structure without gravity!

NUMERICAL RESUL
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All four theorems verified numerically. Measured vs. predicted within ~1%. HSA overtakes the O(L?) baseline at L=16; 8x faster by L=48 as the gap grows like L/log L. On real proteins (PDB) antipodal flips drop 62—78% to 0%, staying 2—3x faster. Stanford bunny: HSA+ICP is 100% reliable at 40 ms,

the fast and reliable corner, ~16x under FPFH+RANSAC.
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