
E. THE PROOF OF THEOREM 2
We need a few lemmas before establishing the theorem.
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fact thateO(f (n)) = 1 + O(f (n)) if f (n) = O(1) (e.g. [11,
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LEMMA 2. Let � be a probability density function with |supp(�)| =
O(1). b� is another function such that supp(b�) = supp(�) and
|b�(x) − �(x)| ≤ � 1 < 1. Let f; bf : R→ C be two functions such
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The first inequality holds since|a + b| ≤ |a|+ |b| for any complex
numbersa; b.

LEMMA 3. Suppose ! (i) ≤ 1 for all 0 ≤ i ≤ n − 1. Let
 (0); s;  (n−1) denote the discrete Fourier transform of ! (0); s,
! (n − 1). Then
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The first inequality is the the Cauchy-Schwarz inequality which
states|〈x; y 〉|2 ≤ 〈x; x〉〈y; y 〉 for any vectorsx andy where〈; 〉
is the inner product. The second equality follows from Parseval’s
equality
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Now we can prove our main theorem.

PROOF OFTHEOREM 2: Let b� i be the approximated distribution
of si for eachi. Let �̄ i(‘) = Pr(si > ‘ ) =
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Since|supp(�)| = O(1) andmaxy∈supp(�) � (4) (y) = O(1), we
can see|� i(x) − b� i(x)| = O(n−4� ). From Lemma 2, it follows
that|�̄ i(‘) − b� i(‘)| ≤ O(|I |4) = O(n−4� ) for all ‘.

For ease of description, we assume that the rank start from0.
Let us focus on the estimation ofΥ!(t) for a particular tuplet. Let
 (0); s;  (n−1) denote the discrete Fourier transform of! (t; 0); s,
! (t; n − 1). Hence, we have
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where| is the imaginary unit. Denote theP RF e value of t with
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Now, we analyze the approximation error for the approximated
P RF e value with any parameter� such that|�| = 1. Since the
P RF e value with parameter� equals the value of the generating
function evaluated at�, it suffices to bound|z(�) − bz(�)| where
z is the generating function fort (see Eq. 3) andbz is its approxi-
mation (replacē� is and� is with b� is andb%is respectively).

We observe that, for any� ∈ C with � = 1 and any‘ ∈ R,
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Hence, from (7) and Lemma 3, we obtain that
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