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OBJECTIVES

We aim to develop and assess DP analogs to three
rank-based statistical tests. For each we:

| Construct a mechanism for the release of a
private statistic and bound its sensitivity:.

|| Assess the relative effectiveness of methods by
comparing power curves.

RANK-BASED STATISTICS

Rank-based tests were devised as an alternative to
tests with distributional assumptions. Instead of us-
ing the raw data where each obs. has a value (y;),
and group membership (g;), statistics are based on
the ranks (r;) and signs (s;) of the ;.
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HYPOTHESIS TESTING

Goal: measure whether a particular data set is con-
sistent with a given theory (Hy).
Steps:

@ Select and compute meaningtul test statistic ¢.

® Determine distribution of T' = f(X) when
database X is drawn according to H,.

© Compute the p-value:
PriT'>t|T = f(X) and X < Hy.

WILCOXON SIGNED-RANK

Setting Each observation has two paired values
and their difference d;. We evaluate whether these
two values come from the same distribution.

Public statistic Rows with d; = 0 are removed,
then the remaining rows are assigned ranks and
signs. The test statistic WV is:
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Our contribution Prior work 2] adds Laplace
noise to VYV and analytically bounds the reference
distribution. We instead use an alternate statistic
that does not drop d; = 0 rows, and simulate the
exact reference distribution.

Results We require between 8% and 40% as much
data as prior work to achieve the same power.
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SIMULATION AND POWER

After computing the private test statistic, two forms ot
simulation are used to find the reference distribution.

» Take many draws from X < H directly, calculate
many f(x*), and add i.i.d. Laplacian to each.

« If distribution of 7' is known, draw many ¢, and
add 1.i.d. Laplacian to each.

MANN-WHITNEY RANK SuM

Setting Testing if two independent sets of data
share the same pop. distribution.

Public statistic For each group j € {1,2}, de-

fine the rank sum, R; = >, _;r;. The statistic U
IS:
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Our contribution The sensitivity of ¢ depends
on the group sizes, so we develop a two-stage pri-
vate algorithm to first release the group sizes and
then release U with Laplace noise. We use the nor-
mal approximation to simulate the reference dis-

U = min{R1

tribution.

Results Our approach sets a benchmark for
power in this class of tests, requiring n ~ 10*
to achieve high power at € = 1.
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TAKE AWAYS

» Customizing the traditional public statistics for
the private setting can lead to dramatic
Improvements in power.

» Power curves are a usetul metric by which to
compare multiple statistics.

» In the private setting, rank-based statistics can

KRUSKAL-WALLIS

Setting Testing it > 2 independent sets of data
share the same pop. distribution.

Public statistic Let the size of each group j €
{1,...,k} be n;, its mean rank be 7;, and the

mean of all ranks r = ”TH The statistic ‘H is:

Our contribution We adapt H to use the L' in-
stead of L? norm and privatize it with the Laplace
mechanism. We simulate the exact reference dis-
tribution.

Results We find our test requires 20% as much
data as the best existing method [1] to achieve the
same power.
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