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D = {(x1, y1), ..., (xN , yN )} xi

X ⊂ R
m m

yi ∈ R

yi = f(xi) + ε ε
0

g
f

L(f) = E(x,y)∼P l(y, g(x))

=

∫
X×R

l(y, g(x)) P (x, y),

P (x, y)
x y l(·, ·)

l(y, g(x)) = (y − g(x))
2
.

M
M + 1

gM (x) =

M∑
i=0

γihi(x),

hi i γi i
i

h0(x)

r
(t)
i

L(xi, yi)
i = 1, ..., N

ht(x)

{(xi, r
(t)
i )}

γt ht(x)

gt(x) = gt−1(x)+ γtht(x)

(M − 1) gM−1(x)

gM (x) hM (x)

gM (x) =

M∑
t=0

γtht(x) = gM−1(x) + γMhM (x).

hM (x)

gM−1(x) r
(M)
i

gM−1(xi) M

r
(M)
i = − ∂L(z, yi)

∂z

∣∣∣∣
z=gM−1(xi)

.

DM

DM =
{(

xi, r
(M)
i

)}N

i=1
,

hM DM

N∑
i=1

∥∥∥hM (xi)− r
(M)
i

∥∥∥2 .

γM

γM =
γ

N∑
i=1

L [gM−1(x) + γhM (xi), yi] .

xi

gM (x) = gM−1(x) + γMhM (x)

≈ gM−1(x)− γM
∂L(z, y)

∂z

∣∣∣∣
z=gM−1(x)

.
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xi ≤ t xi

t

y

tree(x) =
∑
l∈V

bl · I[x ∈ Rl],

I[·] 1
0 bl l

Rl

l V

g

gM (x) =

M∑
i=0

γi
∑
l∈Vi

bl · I[x ∈ Rl],

Vi i

I[x ∈ Rl]
l

I[x ∈ Rl] =

⎛
⎝ ∏

j∈Left(l)

I

[
xj ≤ t

(left)
j

]⎞⎠

×
⎛
⎝ ∏

j∈Right(l)

I

[
xj > t

(right)
j

]⎞⎠ ,

Left(l) l
Right(l) l tj

j

f(A) f(B)
A B Δ

A B

T T Δ

T
A

B T
A B

A B
T A B

Δ Δ

A B

A B
T

A B
T
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T T2 T3 T4

(A,B)

K
xi

ti
K

K

K

K

A
B
A B

[T2, T3] [T3, T4]
A

B

N

N

N

f(x) = (5x) · I
[
x ≤ 1

2

]
+ x · I

[
x >

1

2

]
.

0.5

f(x, y)
f

f(x, y) = (10 · (x+ (1.1 · y))).
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x y
f(x, y)

1002

f

f

f

9

1000

f

n
m

m n
8 20640
79 1460
13 506
10 442
10 100
4 100
4 100

100 100
10 100
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2.56 × 10−1 2.49 × 10−1 2.08 × 10−1 . × −1

9.80 × 108 9.65 × 108 9.53 × 108 . × 8

1.22 × 101 1.14 × 101 . × 1 1.11 × 101

3.37 × 103 3.24 × 103 3.29 × 103 . × 3

1.06 × 101 8.87 × 100 7.23 × 100 . × 0

5.84 × 103 1.48 × 103 5.24 × 103 . × 2

2.08 × 10−2 1.58 × 10−2 1.88 × 10−2 . × −3

1.25 × 104 1.16 × 104 9.93 × 103 . × 3

2.79 × 100 2.20 × 100 1.95 × 100 . × 0

100
n = 3n/4 n = n/4

8 9

2.20 × 10−1 2.06 × 10−1 . × −1

9.15 × 108 9.84 × 108 . × 8

. × 1.12 × 101 1.11 × 101

3.55 × 103 3.28 × 103 . × 3

8.49 × 100 7.07 × 100 . × 0

1.01 × 104 5.34 × 103 . × 2

2.87 × 10−2 1.93 × 10−2 . × −3

1.24 × 104 9.80 × 103 . × 3

2.64 × 100 2.05 × 100 . × 0

2.2 × 102 . × 1

3.8 × 101 . × 1

5.1 × 100 . × 0

4.1 × 100 . × 0
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