
max
v∈Sd−1

n∑
i=1

v�xi − 1
n

n∑
j=1

v�xj

2

⇔ max
v∈Sd−1

v�X� (
I − n−111�)

Xv
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PC1

P
C
2

(m̂k, v̂k) = arg max
m∈R, v∈Sd−1

1
N

N∑
i=1

φh

(
m − v�xi

)
,

���� v�v̂j = 0, j = 1 . . . k − 1.

φh(z) φh(z) = φ (z/h) /h φ(z) = exp
(−z2/2

)
/
√

2π

m̂k ��k

sup
(m,v)∈M×Sd−1

∣∣∣∣∣ 1
n

n∑
i=1

φh(m − v�Xi) − fv�X(m)
∣∣∣∣∣ = op(1)

(m0, v0) = arg sup
m∈R, v∈Sd−1

fv�X(m) |m0| < ∞ M = [−m0, m0]

ε∗(ŵ1, Ya) >
b∗

a + b∗ , �	
�


b∗ = �Ma(ŵ1(Ya)) − M∗
a (ŵ1(Ya))� − 1,

Ma(ŵ1(Ya)) = h
√

2π

a∑
i=1

φh(ŵ1(Ya)�xi),

M∗
a (ŵ1(Ya))

= sup
{

h
√

2π

a∑
i=1

φh(w�xi)
∣∣∣∣∣ w ∈ Sd−1,

w�ŵ1(Ya) = 0

}

                         hn = O(n−1/k), k > 4

sup
(m,v)∈M×Sd−1

∣∣∣∣∣
1

n

n∑

i=1

φh(m− v�Xi)− fv�X(m)

∣∣∣∣∣ = O(n−1/k)

O((n/ log n)−k/(2k+1))
k

ε∗(v̂k, Ya)

= min
b

{
b

a + b

∣∣∣∣∃Yb ⊂ Y, |Yb| = b, v̂k(Ya ∪ Yb)�v̂k(Ya) = 0
}
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