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Combinatorial discrepancy

2-coloring: x: X — {—1,1}

> x(z)

xeF

di r.toy: di X, F) =
iscrepancy w.r.t. Y isc, (X, F) max

discrepancy of (X, T ): x:XIBEl,l} disc, (X, F)

Goal: Compute a small discrepancy coloring
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Interest of the online discrepancy game

Goal of Alice: minimize  sup ZlXt )| > offline coloring bound
(F17 7FT 651: T

General set system: Q(y/n) < Spencer (1985)

s Achieved with random coloring w.h.p.

1

_%> & Alexander (1990)

N[

Set systems with VC-dimension d: €2 (n

L5 Random coloring also ©(y/n) for finite VC-dimension set systems
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N[

%))

T
=Y (Bl = O(max( T3, m
t=1

We can compute x4, ..., Xz s.t.

I
@)
/N

S
N[ =

|
Sl
SN—

16| &
t

where x, is computed knowing only £, ..., F, ;.

Multiplicative Weight Update, e-approximations, Freedman’s inequality
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Fort € [2,..., %],
crossing number : max’{P € {P,...E,} s.t. P is crossed by FH

FNP+0 and FCNP#()

partition X in ¢ subsets B, .., F, of size @(ﬁ)

Goal: Compute a small crossing number partition
19/ 28
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Previous work

« Matousek (1992): O(tl_%) for halfspaces in R¢.
« Chazelle (1993), then Har-Peled (2000): partial implementations for halfspaces.

 Matheny, Phillips (2021): full implementation for halfspaces in R2.

Only halfspaces in low dimension.
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A greedy approach

Under common assumptions on the existence of low-crossing partitions, then,
there exists a partition with crossing number O(tl_é ln(t)) s.t.

Vi e [1,t], B = {:cl, T o0, .:c%} can be ordered such that

n 4am
VEk < = {z,,...,z,} is crossed by at most —— - ka sets.
n o«

= Potential function to greedily construct low-crossing partitions.
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Experiments
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Experiments
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Results on e-approximations

Uniform random sample of size en = ——-approximation w.h.p.  Talagrand (1994
p Jen p g

Construction from low-crossing partition of size en = -approximations w.h.p.

d+1
(en) 4

Suri, Toth, Zhou (2006)
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Results on e-approximations

A
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Perspectives

Finding an alternative to chaining that works well in the online setting

Fast algorithms to compute low-crossing partitions of any set system with guarantees

Near-minimal packing algorithms with sublinear dependence in m

Improving these algorithms in high dimension

Thank you
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