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KOLMOGOROV—SMIRNOV DISTANCE

KS Distance is the maximum vertical distance between and
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ALGORITHM ()

1- Exact Algorithm
Draw I.1.d. points:

2- Grid construction

Sort the union
Select evenly spaced points in each dimension
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3- Round points to grid cells
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OUR SOLUTION: dKS '

d-dimensional Kolmogorov—Smirnov (dKS) distance formula:
4- Compute dKS

Evaluate the maximum empirical CDF difference over
the induced grid rectangles
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Guarantee: This induces error , on the same order as sampling
noise. But is much faster than checking all rectangles.

Runtime vs n

a0l -B — dKS-Baseline }
——o—— dKS-Sketch y,

ours)
AN

P “dKS-Sketch: <0.2 s

ADVANTAGE OF dKS

()
height £ s

c

o

/

-

-

TVt

400,000 600,000 800,000 1,000,000
sample size n

—
=

0.0 L — == —m .
0 200,000

e Comparing multi-dimensional distributions in stats, Al, ML, etc.
¢ |nvariant to unit scaling (e.g., cm vs inches)
e Sample Complexity:

STATISTICAL TEST

dKS enables accurate two-sample tests with faster runtimes and stronger

Stable to sampling error guarantees than mdKS or Peacock.

¢ An Integral Probability Metric (IPM)

Satisfies triangle inequality Citation Test Statistic Stabile PreciseTest (n,J) Test Runtime
e Efficient to compute: [25, 35] Peacock Yes No O(n%)
[10, 19] mdKS No No O(nlogn)
e d=2:asfastasin 1D this paper dKS Yes Yes O(nlognlog(1/9)) d=2
e d =3, 4. near-linear in sample size this paper dKS Yes Yes O(nlog®nlog(1/68)) d=3
this paper dKS Yes Yes O(nlog **nlog(1/6)) d=4




