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Distances in high
dimension

If wegenerate n points ant
random in ddimensions where eachcoordinate is a zeromean

unit varian

Gaussian thenforsufficiently large d
laneoflargenumbers

with highprob the distances betweenallpairs

of points will be the same twopoints
t t d
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This is equivalent to
K n

the sumof d independent samplesofa new
random variable x that is the squareddifference
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of two Gaussians
We are

summing
independent samples

Xi IYi zit
from a random variable with bondedvariance

Lawof largenumbers averageof samples E Ix
from

Therefore all pairs distance will approach the expectationoft
which is the samevalue

If we have twopoints j and E from a ddimensional Gaussian w
unit variance in eachdimension then ly d and 121 ed
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So J and E are orthogonal

Whatdoes this mean

If we scale them tobe unit length
y and I are orthogonal

z
to any pair

thatmeans
almost allthesurfacearea ofch sh he



theirshop is intheequator

Volume
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so vol shrinkby yd
If there is a setofpoints in Rd a smallamount

they make an object A we shrink itbyme so that
a new object I E A It El x Xe A

then vol l e A l E duo A

Since l E E e
E then

ÉA in ed se ed

As I
piggin

É'd o This means nearly all
Vol of A does not belongto E A

most volumeofA is near its surface


