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OVERVIEW

The cuboctahedron

e Tessellation within a sphere

e NOT regular, but vertices are congruent

e All vertex coordinates are drawn from
{—1,0,1}, in all permutations with a sin-
gle zero

(-1,-1,0) (-1,0,-1) (0,-1,-1)
(-1,1,0) (-1,0,1) (0,-1,1)
(1,-1,0) (1,0,-1) (0,1,-1)

(1,1,0) (1,0,1) (0,1,1)

FINDING THE NEAREST VERTEX

e Maximise scalar product of datum and vertex

Generalisation o many dimensions

The {z,d} equi-Voronoi polytope:
iIN d dimensions, with z non-zero coordi-
nate elements

we find, for any two points in the d-
dimensional hypersphere, the distance
pbetween their nearest EVP vertices is o
good approximation

finding the nearest vertex, and calculat-
INg vertex distances, are very efficient
operations

sforage: 2 bits per dimension

number of vertices: (¢) - 27 (i.e. huge!!)

CALCULATING VERTEX DISTANCE

e fixed x: all vertex norms are the same (/)

e SO CcaAN use scalar product as similarity function

e dll element values arein {—1,0,1}!

e SO WOIrSst case Is a masked addifion operation

e DUt we have a better way: bysp over binary strings

bo s
e Which is easy: 2P
o ' bsolute val uy [|[float | 0.32| 0.4 [ -0.38]-0.19(0.29| 0.45| 0.44 |-0.16|0.23|-0.02
— NG IAIGEST LSOIIE VALES uz |[float  |-0.16] -0.4] 0.38|0.45/0.14]0.19 | -0.38/-0.04| 0.4]-0.35
-~ se“ to {—1,1}according to sign o7 [oinary| 1 1 0 0 0 ] ] 0 1ol o
~ setothers fo v |[binary] 0 | 0| L | 0 0| 0] 0] 0]0]O
ACCURACY v, ||binary| O | O 1 1 10| O 0 O 1 0] O
_ : v, ||binary| O 1 0 O [ 0] O 1 O [ 1] O
GooAQ Accuracy vs Vector Size,100@100 queries
e bosp(v,w) = (bsp(v™,w*) + bsp(v™, w")
0.8 ® — (bsp(v+, w™ ) + bsp(v, w—l_))
0.7 — "
where
ad PCA
05| — = Quantisation
® EVP .
i ¢ 1-bit bsp(v,w) = bifcount(v A w)

<
o
l

<
N

o
]

384

] ll 1 ] | 1 ll
768 1536 3072

Bits per Vector

6144 12288

e Multi-dimensional dafa stored in Two contiguous binary blocks,
each of d bits

e scalar product proxy function by sp is massively parallelisable on

commodity hardware

e combination for e.g. hundreds of dimensions, 100 x speedup

WHY IT WORKS...

for general points U;, U; and their near-
est verfices V;, V;:

we are In a Hilbert space, so can con-
struct a fetrahedron in 3D

distances d(U;,V;) are very small, and
very consfrained - because there are a
huge number of vertices

angles £V;, V;, U, are very constrained -
pbecause we are in a high-dimensional
space

o d(V;,V;) Is a very good estimatfor

for d(U;, U;)



