
 



x  , … , x  1 N

E  x  =[∑
i

i] E[x  ].
i

∑ i

Var (  x  )∑
i i

Var  x  =(∑
i

i) E  x  −  E[x  ][(∑
i

i ∑
i

i )2]
= E  (x  − E[x  ])[(∑

i
i i )2]

= E   (x  − E[x  ])(x  − E[x  ])[∑
i

∑
j

i i j j ]
=   E (x  − E[x  ])(x  − E[x  ]) .

i

∑
j

∑ [ i i j j ]



x, y

Cov(x, y) = E[(x − E[x])(y − E[y])].

Var  x  =(∑
i

i)   Cov(x  , x  ).
i

∑
j

∑ i j

Cov(x, x) = Var(x)

  

Cov(x, y) = E[(x − E[x])(y − E[y])]
= E[xy − xE[y] − E[x]y + E[x]E[y]]

= E[xy]− E[x]E[y].

Varfx EX EXT

analogiché



x, y Cov(x, y) = 0

=Cov(x, y) E[(x − E[x])(y − E[y])]
=  P (x, y)(x−

x,y

∑ E[x])(y − E[y])

=  P (x)(x−
x,y

∑ E[x])P (y)(y − E[y])

=  P (x)(x−
x

∑ E[x])  P (y)(y −
y

∑ E[y])

= E  [x −x E[x]]E  [y −y E[y]] = 0.

x [−1, 1]
y = ∣x∣ y x
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x, y

ρ r

  

ρ

r

 =def

  Var(x) Var(y)

Cov(x, y)

 ,=def

   (x  − )∑
i i x̄ 2

 (y  −  )∑
i i ȳ 2

 (x  − )(y  −  )∑
i i x̄ i ȳ

ρ

r

x̄  ȳ
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−1 ≤ ρ ≤ 1 r

≤0 E[(  −
 Var(x)

(x − E[x])
ρ  ) ]

 Var(y)

(y − E[y]) 2

= E[  ] −
Var(x)

(x − E[x])2
2ρE[   ] +

 Var(x)

(x − E[x])

 Var(y)

(y − E[y])
ρ E[  ]2

Var(y)
(y − E[y])2

=  −
Var(x)
Var(x)

2ρ ⋅ ρ+ ρ  =2

Var(y)
Var(y)

1 − ρ ,2

ρ ≤2 1

⟨u, v⟩ ≤   ⟨u,u⟩ ⟨v, v⟩ ⟨x, y⟩ =
def E[xy]
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τ

τ

τ y

x y x

  

τ  =def

 (2
n)

∣{pairs i = j : x  > x  , y  > y  }∣ − ∣{pairs i = j : x  > x  , y  < y  }∣ j i j i  j i j i

=  .
 (2

n)

 sign(x  − x  ) sign(y  − y  )∑
i<j j i j i

ρ τ

τ  2
1+τ

τ

τ ∈ [−1, 1]
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y  i (x, t) y  (x) =i t+ ε  (x)i

ε  (x)i x

E[(y  (x) −i t) ] =2 E[ε  (x)].
i

2

M

E[(   ε  (x)) ].
M

1 ∑
i

i

2

ε  i

E[ε  (x)ε  (x)] =i j 0 i = j

E[(   ε  (x)) ] =
M

1 ∑
i

i

2
E[   ε  (x)ε  (x)] =

M2

1 ∑
i,j

i j  E[   ε  (x)],
M

1
M

1 ∑
i

i

2
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X ∈ RN×D t ∈ RN
I  T

T

 =t̂T   t  ∣I  ∣T

1 ∑
i∈I  T

i

c  T

T

T

c  (T )SE =
def

 (t  −
i∈I  T

∑ i  ) ,  where    =t̂T
2

t̂T   t  .
∣I  ∣T

1

i∈I  T

∑ i
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T

T  L T  R

c  +T  L
c  −T  R

c  T

T

c  +T  L
c  −T  R

c  T
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c  (T ) =α c(T ) + α

t c  (t) =α  c  (T ) =∑T ∈leaves α  c(T ) +∑T ∈leaves α∣leaves∣

t

α  eff t α

c  (T )α t c  (t)α

α  =eff (c(T ) − c(t))/(∣leaves  under  t∣ − 1)

α  eff



T

k T p  (k)T

p  T

c  (T )Gini =def ∣I  ∣  p  (k)(1 −T

k

∑ T p  (k)),T

c  (T )entropy =def ∣I  ∣ ⋅T H(p  ) =T −∣I  ∣ p  (k) log p  (k).T

k

p  (k)=0T 

∑ T T



I  T T

n  (0)T n  (1)T

p  =T   t  =∣I  ∣T

1 ∑
i∈I  T

i  

n  (0)+n  (1)T T

n  (1)T

L(p) =  (p−∑
i∈I  T

t  )i 2

p

∣I  ∣p =T  t  ∑
i∈I  T

i p = p  T

L(p  ) =T  (p  −
i∈I  T

∑ T t  )i 2 = n  (0)(p  −T T 0) +2
n  (1)(p  −T T 1)2

=  +
(n  (0) + n  (1))T T

2
n  (0)n  (1)T T

2

 

(n  (0) + n  (1))T T
2

n  (1)n  (0)T T
2

=  

(n  (0) + n  (1))(n  (0) + n  (1))T T T T

(n  (1) + n  (0))n  (0)n  (1)T T T T

= (n  (0) +T n  (1))(1 −T p  )p  =T T ∣I  ∣ ⋅T p (1 −T p  ).T



I  T T n  (k)T

k p  (k) =T   [t  =∣I  ∣T

1 ∑
i∈I  T

i k] =  ∣I  ∣T

n  (k)T

p K L(p) =  − log p  ∑
i∈I  T

t  i

p  k

 p  =∑
k k 1 p p  =k p  (k)T

p  T

=L(p  )T  − log p  

i∈I  T

∑ t  i

= −  n  (k) log p  (k)

 

k

p  (k)=0T 

∑ T T

= −∣I  ∣  p  (k) log p  (k) =T

 

k

p  (k)=0T 

∑ T T ∣I  ∣ ⋅T H(p  ).T

Milk pth It
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https://cs.stanford.edu/~karpathy/svmjs/demo/demoforest.html

