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Introduction

• Problem:

– Ytest ← predict(χtest; Model)

– Model← train({χi, Yi}i=1,...,n)

• Method

pg(χ) = P (Y = g|χ = χ), g ∈ Ḡ = {1, . . . , G}

ŷ(χ) = arg max
g∈Ḡ

p̂g(χ)

p̂g(χ) = p̂g,h(χ) =

∑n
i=1 1[Yi=g]K(h−1d(χ, χi))
∑n

i=1 K(h−1d(χ, χi))
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Method (cont.)

• Learning step

for h ∈ H

for i = 1, . . . , n

for g = 1, . . . , G

p̂g,h(χi)←

P

{i′:y
i′

=g} K(h−1d(χ,χi))
P

n
i=1

K(h−1d(χ,χi))

enddo

enddo

enddo

hLoss ← arg inf
h∈H

Loss(h)

• Predicting

ŷ(χ)← arg maxg{p̂g,hLoss
(χ)}
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Computational Issues

• kNN Estimator

p̂g,k(x) =
P

{i:yi=g} K(h−1

k
d(x,xi))

P

n
i=1

K(h−1

k
d(x,xi))

card{i : d(x,xi) < hk} = k

• Selecting k

pLCV
g (x) =

P

{i:yi=g} K(h−1

kLCV
d(x,xi))

P

n
i=1

K(h−1

kLCV
d(x,xi))

kLCV(xi0) = arg min
k

LCV(k, i0)

LCV(k, i0) =
∑G

g=1

(

1[yi0
=g] − p

(−i0)
g,k (xi0)

)2

p
(−i0)
g,k (xi0) =

Pn
i:yi=g,i6=i0

K

 

d(xi,xi0
)/h

k(xi0)

!

P

n
i=1,i6=i0

K

 

d(xi,xi0
)/h

k(xi0)

!
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Performance Evaluation

for i ∈ {1, 2, . . . , n}

yLCV
i ← arg max

g∈Ḡ
pLCV

g (xi)

enddo

Misclassification←
1

n

n
∑

i=1

1[y0 6=yLCV

i ]
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Example: Speech Recognition

n = 2000 pairs (xi, yi)i=1,...,n,

xi = (χ(f1), χ(f2), . . . , χ(f150)) is the discretized log-periodogram.

yi ∈ {1, 2, 3, 4, 5} with
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

















1↔ “sh”

2↔ “iy”

3↔ “dcl”

4↔ “aa”

5↔ “ao”

Training by 5-fold cross-validation; Each fold has 50 pairs; Testing

set has 250 pairs.
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Speech Recognition: single run
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Speech Recognition: repeat 50 times
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