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Introduction

Bump Hunting

Problem: Find the region that maximizes the discrepancy function
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What Kinds Of Regions ?
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Introduction

What Kinds Of Functions?

Let M = {my,...} be the measurements and B = {by,...} be the baseline
values. For a region R,

mgr =

2 mer Mi b = 2 ber Mi

Z m; ’ Z b,'
Discrepancy function f defined in terms of mg, bg. For example
Linear Discrepancy f := amg + Bbgr + 7

Combinatorial Discrepancy Difference between measurement and baseline,

f::\zmi—zbi|:|mR*M_bR*B|

mi€R bieER
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Introduction

Maximum Likelihood-based Discrepancy

Assume a parametrized baseline distribution. Consider two hypotheses:

Ho Data inside region R reflects same distribution parameters as data
outside R.

‘H; Data inside region R fits different parameters than data outside R.

Likelihood ratio test: Compute (log of) ratio of probabilities of H; and Ho.
The larger this number, the more likely it is that H; reflects reality.
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Example: The Kulldorff Scan Statistic

A well-known discrepancy function in biosurveillance. Assumes an underlying
Poisson distribution.

dx(mgr,br) = KL({mgr,1— mg},{br,1— br})
mg 1—mg
= log — 1-— log ———
mRogbR+( mR)ogl_bR
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How hard is it to maximize discrepancy?
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Main Results
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Main ldea

pproximately solve the (f,R) problem, all we need is a solution to the (ax + b, R) pro

Step 1: Linearize f approximately, replacing it by a collection of k(e) linear
functions.

Step 2: Solve the problem on each of the k linear functions.
Step 3: Take the best solution.

Running time: k(e) * c(¢,R).
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