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m n Y1, . . . , Yn

Y1+m, . . . , Yn+m

n

Y1, Y2, . . .

E(Yi) = µ i

V ar(Yi) = σ2 i

Corr(Yi, Yj) = ρ(|i− j|) i j ρ(h)

 

 

 

 

 

 

 

 



ρ

Yt Yt+h γ(h) γ(·)

X

Y

ρx,y =
Cov(X, Y )√

V ar(X)V ar(Y )
=

E[(X − µx)(Y − µy)]√
E(X − µx)2E(Y − µy)2

,

µx µy X Y

X Y

−1 ≤ ρx,y ≤ 1 ρx,y = ρy,x

ρx,y = 0

 

 

 

 

 

 

 

 



Y1,t Y2,t

λ Y1,t − λY2,t

yi,t, i = 1, . . . , p

β1y1,t + β2y2,t + . . .+ βpyp,t = µ+ ϵt,

p µ

ϵt

β′yt = µ+ ϵt

β = (β1, β2, . . . , βp)′ yt = (y1,t, y2,t, . . . , yp,t)′

ϵt = β′yt − µ.

ϵt

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



µn(t) Xn(t)

Vn(t) Xn(t)

Vn(t) µn(t)
Vn(t)
µn(t)

V1(t) < V2(t), . . . , n

V2(t)
µ2(t)

< V1(t)
µ1(t)

V2(t)
µ2(t)

> V1(t)
µ1(t)

x

M1 Xrn(t) r = 1, 2, . . . , c

V2(t)
µ2(t)

= V1(t)
µ1(t)

x

Vn(t)
µn(t)

(n)

M2, . . . ,Mn

Xrn(t) M1,M2, . . . ,Mn

n− 1

CVi =
σi

µi
,

σi µi

 

 

 

 

 

 

 

 



Xrn(t)

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



d

d− b, b > 0 d = b = 1

1 P t
i

i Ai t P t
1 P t

2

1 β

 

 

 

 

 

 

 

 



P t
1 − βP t

2 = ϵt,

ϵt

ϵt

1 β 2

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



µ σ

 

 

 

 

 

 

 

 



µ
σ

σ2

R2

AIC = 2K 2ln(L),

K L

n K

AICc = −2ln(L(Θ|y)) + 2K

(
n

n−K − 1

)
.

40
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AD = −n− 1

n

n∑

i=1

(2i− 1)[lnF (Xi) + ln(1− F (Xn−i+1))],

n F (X)

i ith

 

 

 

 

 

 

 

 



Fn n

Xi

Fn(x) =
1

n

n∑

i=1

IXi ≤ x,

IXi Xi ≤ x

Dx =
x

|Fn(x)− F (x)|,

x

 

 

 

 

 

 

 

 



F (x) Dn

fij

ith x

jth y eij

x y

p

χ2 =
n∑

i,j

(fij − eij)2

eij
.

 

 

 

 

 

 

 

 



∆yt = α + β + γyt−1 + δ1∆yt−1 + . . .+ δp−1∆yt−p+1 + εt,

α β p

α = 0 β = 0

β = 0

p

p

AIC = 2k − 2ln(L),

 

 

 

 

 

 

 

 



k L

γ = 0

γ < 0

DFτ =
γ̂

SE(γ̂)
,

SE S.D√
n

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



µ

σ ρ

ρxi,yi =
cov(xi, yi)

σxi , σyi

=
E[(xi − µxi)(yi − µyi)]

σxiσyi

,

cov(xi, yi) xi yi i = 1, 2, ..., n

µi(t) xi(t) i = 1, 2, ..., n

Vi(t) xi(t)

Vi(t) µi(t)
Vi(t)
µi(t)

xi(t)

V1(t) > V2(t) > . . . > Vi−1(t) > Vi(t)

V1(t) < V2(t) <

. . . < Vi−1(t) < Vi(t)

Vi(t)
µi(t)

= Vi−1(t)
µi−1(t)

i = n

xi(t)

 

 

 

 

 

 

 

 



CVi =
σi

µi
,

σi µi

CV1, CV2, CV3, CV4, CV5 CV6 CV1 CV6

CV3 CV4

CV1 CV2

CV6

CV5

RCO =
T∑

t=1

n∑

i=1

Ri(t) · IL S
i (t) ·Wi +

(
T∑

t=1

n∑

i=1

Tci(t) ·
[
ln

(
1− C

1 + C

)])
,

Ri(t) i t

ln
(

Pi(t)
Pi(t−1)

)
IL S
i (t)

i

T ci(t)

i t C

T

 

 

 

 

 

 

 

 



Wi(t) =
1∑n

i=1|IL S
i (t)|

⎧
⎪⎨

⎪⎩

1 ;

0 ,

Wi(t)

t

CV1

 

 

 

 

 

 

 

 



xki(t) k k = 134

i i = 3213

xki(t) Aki(t)

Aki(t) k = 134 i = 3213

Aki(t)

xp1(t) xp2(t)

xp1(t) xp2(t)

xp1(t) xp2(t)

 

 

 

 

 

 

 

 



xp1(t) xp2(t)

xp1(t) xp2(t)

CV1, CV2, . . . , CVn xp1(tCV ) xp2(tCV )

xp1(t) xp2(t) xp1(tCV ) xp2(tCV )

xp1(t) xp2(t)

xp1(tCV ) xp2(tCV )

xp1(t) xp2(t) xp1(tCV ) xp2(tCV )

xp1(t) xp2(t) xp1(tCV )

xp2(tCV )

xki(t) xki(t)

Aki(t) Aki(t) xp1(t)

xp2(t)

xp1(t) xp2(t)

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



xp1(t) xp2(t)

xp1(t) xp2(t)

xp1(tCV ) xp2(tCV )

xp1(tCV ) xp2(tCV )
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t

t

C 0.25

T

Wi(t)

xp1(t) xp2(t)

ERCO =
n∑

i=1

Ri
CO(t)p

i
CO(t),

Ri
CO(t) xp1(t) xp2(t) i piCO(t)

Ri
CO(t) i i

xp1(tCV ) xp2(tCV ) Ri
CO(tCV )

Ri
CO(tCV )

Ri
CO(t)
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Ri
CO(t)
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xp1(t) xp2(t) Ri
CO(t)

xp1(tCV )

xp2(tCV ) Ri
CO(tCV )

 

 

 

 

 

 

 

 



2nd − 34th

37th − 46th

49th − 60th

78th − 88th

91st − 127th

130th − 147th

155th − 158th

161st − 222nd

233rd − 238th

242nd − 245th

249th − 251st

254th − 271st

276th − 302nd

312th − 315th

318th − 321st

325th − 328th

338th − 342nd

347th − 439th

442nd − 445th

450th − 453rd

457th − 460th

466th − 468th

 

 

 

 

 

 

 

 



476th − 517th

528th − 550th

554th − 644th

651st − 656th

661st − 666th

679th − 699th

703rd − 755th

758th − 768th

780th − 785th

792nd − 798th

802nd − 811th

814th − 873rd

893rd − 895th

898th − 916th

924th − 1022nd

1025th − 1037th

1040th − 1177th

1180th − 1182nd

1191st − 1194th

1197th − 1245th

1248th − 1250th

 

 

 

 

 

 

 

 



1257th − 1261st

1288th − 1292nd

1299th − 1301st

1311th − 1313th

1318th − 1322nd

1326th − 1328th

1338th − 1348th

1351st − 1412th

1423rd − 1426th

1431st − 1443rd

1452nd − 1463rd

1484th − 1489th

1495th − 1509th

1512th − 1518th

1522nd − 1524th

1528th − 1531st

1536th − 1552nd

1558th − 1569th

1572nd − 1574th

1577th − 1583rd

1586th − 1588th

 

 

 

 

 

 

 

 



1597th − 1600th

1603rd − 1608th

1611th − 1616th

1619th − 1622nd

1625th − 1628th

1638th − 1678th

1684th − 1722nd

1725th − 1783rd

1788th − 1790th

1794th − 1797th

1813th − 1826th

1838th − 1840th

1843rd − 1846th

1849th − 2237th

2241st − 2556th

2562nd − 2566th

2569th − 2573rd

2586th − 2590th

2593rd − 2595th

2598th − 2602nd

2605th − 2710th

 

 

 

 

 

 

 

 



2720th − 2722nd

2725th − 2822nd

2825th − 2846th

2850th − 2857th

2860th − 2897th

2901st − 2939th

2944th − 2975th

2979th − 3004th

3007th − 3010th

3013th − 3126th

3129th − 3147th

3153rd − 3189th

3195th − 3212th
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t − 1

yt

p

yt = φ1yt−1 + φ2yt−2 + . . .+ φpyt−p + εt,

yt t φt εt

N(0, σ2)

t t−1

yt

q

 

 

 

 

 

 

 

 



yt = εt + θ1εt−1 + θ2εt−2 + . . .+ θqεt−q,

θt

p q p q

(p, q)

N(0, σ2)

yt = φ1yt−1 + . . .+ φpyt−p + εt + θ1εt−1 + . . .+ θqεt−q.

yt − φ1yt−1 − . . .− φpyt−p = εt + θ1εt−1 + . . .+ θqεt−q,

B Byt = yt−1, B2yt = yt−2

(1− φ1B − . . .− φpB
p)yt = (1 + θ1B + . . .+ θqB

q)εt,

φp(B)∆dyt = θq(B)εt φp(B)yt = θq(B) · εt,

φp(B) θq(B)

 

 

 

 

 

 

 

 



(p, d, q)

I

d

0, 1, 2

(p, d, q)

φp(B)∆dyt = θq(B)εt,

∆d

p, d q d

d = 0

p

q

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



2nd 3rd

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



{Xt} Xt Θ {Xt}

Xt

Xh, h > t Xs, s < t {Xt}

P (Xh|Xs, s ≤ t) = P (Xh|Xt), h > t.

{Xt}

P (Xh|Xt, Xt−1, . . .) = P (Xh|Xt), h > t.

A Θ

Pt(θ, h, A) = P (Xh ∈ A|Xt = θ), h > t,

θ X

θ ∈ Θ P (θ|X)

Θ

P (θ|X)

P (θ|X)

P (θ|X)

 

 

 

 

 

 

 

 



P (θ|X)

dS = µSdt+ σSdz.

S(t+∆t) = S(t)exp((δ − 1

2
σ2)∆t+ σ

√
∆tZ).

Z ∼ N(0, 1) ∆

σ

xi ∼ π(x) xi ∼ π(x)

{Xi}∞i=0

i→∞
P (Xi = x) = π(x).

 

 

 

 

 

 

 

 



P (X0 = x0) = g(x0)

P (y|x) = P (Xi+1 = y|Xi = x)

π(x) = i→∞ f(xi)

π(y) =
∑

x∈Ω

π(x)P (y|x), ∀y ∈ Ω.

(n− 1)

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

π(x2) = π(x1)P (x2|x1) + π(x2)P (x2|x2) + . . .+ π(xn)P (x2|xn)

. . .

π(xn) = π(x1)P (xn|x1) + π(x2)P (xn|x2) + . . .+ π(xn)P (xn|xn),

n := |Ω| (n−1) n(n−1)

P (xj|xk) k = 1, . . . , n j = 1, . . . , n− 1

P (y|x)

π(x)

Q(y|x) Q(y|x)

P (y|x)

P (y|x) = Q(y|x)α(y|x), y ̸= x, α(y|x) ∈ [0, 1].

π(x)Q(y|x)α(y|x) = π(y)Q(x|y)α(x|y), ∀x ̸= y.

α(y|x) = r(x, y)π(y)Q(x|y)

 

 

 

 

 

 

 

 



r(x, y)

α(y|x) = min

(
1,

π(y)Q(x|y)
π(x)Q(y|x)

)
.

Xi

Xi

f̂(x)− 1

n

n∑

i=1

Kh(x−Xi), Kh(x) =
1

h
K
(x
h

)
,

K(·) h

⎧
⎪⎨

⎪⎩

∫ +∞
−∞ K(x)dx = 1,

K(x) ≥ 0.
⇒

⎧
⎪⎨

⎪⎩

∫ +∞
−∞ f̂(x)dx = 1,

f̂(x) ≥ 0.

K(x) =

⎧
⎪⎨

⎪⎩

1− |x|, |x| ≤ 1,

0, |x| > 1.
(tringular),

K(x) =

⎧
⎪⎨

⎪⎩

3
4(1− x2), |x| ≤ 1,

0, |x| > 1.
(Y apanichnikov),

 

 

 

 

 

 

 

 



K(x) =
1√
2π

e
x2

2 (Gauss).

Xi

Xj Xi Xi −Xj

π(θ)

π(θ) = p(θ|y) y

θ

π(θ)

θ

 

 

 

 

 

 

 

 



θ0, θ1, . . . , θN

π(θ)

θ0 q

θi−1

θ∗ q(θi−1, ·)

θ∗ θi−1

π(θ∗)q(θ∗, θ) > π(θi−1)q(θ, θ∗),

θ∗

α

α(θ, θ∗) = min{1, π(θ
∗)q(θ∗, θ)

π(θ)q(θ, θ∗)
}.

θ∗

θi = θi−1

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



k(x, x′)

 

 

 

 

 

 

 

 



(x1, y1), . . . , (xℓ, yℓ) ⊂ X×R

xi ∈ X X X = Rd

yi ∈ R i = 1, . . . , ℓ ϵ

f(x) ϵ

yi

f

f(x) = (w · Φ(x)) + b,

w ∈ Rm, b ∈ R Φ Rn

Rm (m > n) w b

 

 

 

 

 

 

 

 



f(x)

Rreg(f) = C
n∑

i=1

Lϵ(yi, f(xi)) +
1

2
∥w∥2,

Lϵ ϵ

Lϵ(y, z) =

⎧
⎪⎪⎨

⎪⎪⎩

|y − z| − ϵ, |y − z| ≥ ϵ

0, .

ζi ζ∗i

x
C

[
ℓ∑

i=1

(ζi + ζ∗i )

]
+

1

2
∥w∥2

yi − w · Φ(xi)− b ≤ ϵ+ ζi

w · Φ(xi) + b− yi ≤ ϵ+ ζ∗i

ζi ≥ 0

ζ∗i ≥ 0,

i = 1, 2, . . . , ℓ C

{αi}ii=1 {α∗
i }ii=1

 

 

 

 

 

 

 

 



Q(αi, α
∗
i ) =

ℓ∑

i=1

yi(αi−α∗
i )−ϵ

ℓ∑

i=1

(αi−α∗
i )−

1

2

ℓ∑

i=1

ℓ∑

j=1

(αi−α∗
i )(αj−α∗

j )K(xi, xj),

ℓ∑

i=1

(αi − α∗
i ) = 0

⎧
⎪⎪⎨

⎪⎪⎩

0 ≤ αi ≤ C

0 ≤ α∗
i ≤ C,

i = 1, 2, . . . , ℓ C K : X × X → R

K(x, z) = Φ(x) · Φ(z).

w =
ℓ∑

i=1

(αi − α∗
i )Φ(xi).

b

 

 

 

 

 

 

 

 



αi(ε+ ζi − yiw · Φ(xi) + b) = 0,

α∗
i (ε+ ζi + yiw · Φ(xi)− b) = 0,

(C − αi)ζi = 0,

(C − α∗
i )ζ

∗
i = 0,

i = 1, 2, . . . , ℓ

αi, α∗
i = 0 ζ∗i = 0 α∗

i ∈ (0, C) b

b = yi − w · Φ(xi)− ε 0 < αi < C

b = yi − w · Φ(xi) + ε 0 < α∗
i < C.

αi α∗ xi 0 < αi < C 0 < α∗
i < C

w b f(x)

f(x) =
ℓ∑

i=1

(αi − α∗
i )(Φ(xi) · Φ(x)) + b

=
ℓ∑

i=1

(αi − α∗
i )K(xi, x) + b.
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