
SMSN − NLM

SMSN

SMSN

SMSN

EM

McMC

SMSN McMC

SMSN
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λ = 0

E[Y ] = µ

V ar[Y ] = σ2k2

Y ∼ SMSN(µ, σ2, λ;H)

ψY (t) = eiµt
∫∞
0
2exp(−k(u)t2σ2

2 )Φ(k(u)
1
2∆it)dH(u; ν),

t0−it∆k(u)
1
2 = z

z = ay + b Y ∼ SMSN(µ, σ2, λ;H)

b a

Z ∼ SMSN(aµ+ b, a2σ2, λ;H)

Z

U

SMSN

k(u) = 1
u

(ST ) U ∼ Gamma( ν2 ,
ν
2 )

Y ∼ ST (µ, σ2, λ; ν) ν

f(y) = 2
Γ( ν+1

2
)

Γ( ν
2
)
√
πνσ

(1+ d
ν )
− ν+1

2 T (
√

ν+1
d+νA; ν+1), y ∈ R

A = d = (y−µ)2
σ2

T (.; ν + 1) λ(y−µ)
σ

ν + 1

U

λ

T1 T0

u k(u)

H(.; v) U

Y v

SMSN(µ, σ2, λ,H) SMSN

Y
d
=µ+ σ(δT + k

1
2 (U)(1− δ2)

1
2T1),

λ T = k
1
2 (U)|T0|

Y δ = λ

(1+λ2)
1
2

f(y) = 2

∫ ∞

0

φ(y;µ, u−1σ2)Φ(
u

1
2λ(y − µ)

σ
)dH(u; ν)

φ(.;µ, u−1σ2)

µ

Φ(.) u−1σ2 > 0

λ = 0

Y

SMSN

Y | u, t ∼ N(µ+∆t, k(u)Γ)

T | u ∼ TN(0, k(u))I(0,∞)

U ∼ H(u, ν)

∆ = σδ Γ = (1 − δ2)σ2

TN(0, k(u))I(0,∞)

k(u)

Y ∼ SMSN(µ, σ2, λ;H)

E[Y ] = µ+
√

2
πk1∆ E[U−

1
2 ] <∞

V ar[Y ] = σ2k2 −
2
πk

2
1∆

2 E[U−1] <∞

km = E{U−
m
2 }
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k(u) = 1
u

(SSL) U ∼ Beta(ν, 1)

Y ∼ SSL(µ, σ2, λ; ν)

f(y) = 2ν
∫ 1

0
uν−1φ(y;µ, u−1σ2)Φ(u

1
2A)du, y ∈ R,

U

λ

λ = 0

Y ∼ SSL(µ, σ2, λ; ν)

E[Y ] = µ+
√

2
π

ν
ν− 1

2

∆, ν > 1
2

V ar[Y ] = σ2 ν
ν−1 −

2
π (

ν
ν− 1

2

)2∆2, ν > 1

Y ∼ SSL(µ, σ2, λ; ν)

ψY (t) = eiµt{mT (σt) + iτ∗(δ, σt)},

mT (t) = ν
∫ 1

0
e−

t2σ2

2u uν−1du t ∈ R, ν > 0

λ

λ = 0

ν

λ

ν → ∞ ν = 1

Y ∼ ST (µ, σ2, λ; ν)

.E[Y ] = µ+
√

2
π

Γ( ν−1

2
)( ν

2
)
1
2

Γ( ν
2
) ∆, ν > 1

.V ar[Y ] = σ2 ν
ν−2 −

ν
π (

Γ( ν−1

2
)

Γ( ν
2
) )

2∆2, ν > 2

Y ∼ ST (µ, σ2, λ; ν)

ψY (t) = eiµt{ψT (t) + iτ∗(δ, σt)}

τ∗(δ, σt) =
∫∞
0
e−

t2σ2

2u τ(∆u−
1
2 t)dH(u; ν),

τ∗(δ,−σt) = −τ∗(δ, σt),

τ(x) =
∫ x

0

√

2
π e

u2

2 du x > 0, τ(−x) = −τ(x)

ψT (t)

ψT (t) =
B ν

2
(σ
√
ν|t|)(σ√ν|t|)

ν
2

Γ( ν
2
)2

ν
2
−1

t ∈ R, ν > 0

a ∈ R Bα(b) =
1
2

∫∞
0
xα−1e−

1
2
b(x+ 1

x
)dx

b > 0 [
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S(β) = Σni=1(yi − η(β,xi))
2, i = 1, ..., n

(β̂)

EM

s2 = S(β̂)
n−p =

∑
n
i=1

(yi−η(β̂,xi))
2

n−p ,

̂
V ar(β̂) = s2(W

′

W )−1,

p × p W

β̂ η(β̂,xi))

SMSN

SMSN

ST

yi = η(β,xi, εi), i = 1, ..., n

yi = η(β,xi) + εi, i = 1, ..., n

ε y = η(β,X) + ε

σ2I

ε

β η(β,X)

β = (β0, ..., βk)
′
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y x t u θ = (β
′

, σ2, λ,ν
′

)
′

Lc(θ|y,x, t,u) ∝
n
∏

i=1

[φ1(yi; η(β,xi) +

∆ti, u
−1
i Γ)φ1(ti; b, u

−1
i )I(b,∞)h(ui|ν)]

SMSN

β, λ, σ2,ν

j = 1, ..., p π(βj) = φ1(βj ;µβj
, σ2βj

)

∆ Γ

∆ ∼ N(µ∆, σ
2
∆), Γ−1 Gamma(

ρ

2
,
̺

2
)

π(ν) ν

SMSN

π(θ) = (

p
∏

j=1

π(βj ;µβj
, σ2βj

))π(∆;µ∆, σ
2
∆)π(Γ; ρ, ̺)π(ν)

π(θ, t,u|y,x) ∝
n
∏

i=1

[φ1(yi; η(β,xi) +

∆ti, u
−1
i Γ)φ1(ti; b, u

−1
i )I(b,∞)h(ui|ν)]π(θ)

McMC

Ti|β,∆,Γ,ν,y,u ∼ TN1(µTi
+ b, u−1i M2

T )I(b,∞),

SMSN(−
√

2
πk1∆, σ

2, λ;H)

SMSN

i = 1, ..., n Yi

Yi ∼ SMSN(η(β,xi)−
√

2
πk1∆, σ

2, λ;H),

E[Yi] = η(β,xi),

V ar[Yi] = σ2k2 − b
2∆2,

b = −
√

2
πk1

Yi ∼ SMN(η(β,xi), σ
2;H)

E[Yi] = η(β,xi),

V ar[Yi] = σ2k2.

McMC

McMC

SMSN

Yi|Ti = ti ∼ N1(η(β,xi) + ∆ti, U
−1
i Γ)

Ti|Ui = ui ∼ TN1(b, u
−1
i )I(b,∞)

Ui ∼ H(.,ν)

X = (x1, ...,xq)
′

y = (y1, ..., yn)
′

u = (u1, ..., un)
′

t = (t1, ..., tn)
′
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Gamma(a, b) ν SSL

b << a b a

Ui|β,Γ, t,∆, ν,y ∼ Gamma(ν+1, Ci2 )I(0, 1),

ν|β,Γ, t,∆,y,u ∼ Gamma(n+a, b−
∑n
i=1 logui),

yi =
doseikeikai
cli/(kai−kei) (exp(−keitimei)−

exp(−kaitimei)) + εi, i = 1, .., 98

kei = exp(β3groupi)

kai = exp(β2groupi)

cli = exp(β1
∗groupi)

β1
∗ = β1+β1diff i = 1, .., 98

∆|β, t,Γ,ν,y,u ∼ N1(
Dσ2∆ + Γµ∆
ζσ2∆ + Γ

,
ζσ2∆ + Γ

Γσ2∆
),

Γ−1|β, t,∆,ν,y,u ∼ Gamma(
1

2
(m+ n),

1

2
(nu+

n
∑

i=1

ui(yi − η(β,xi)−∆ti)
2))

β|Γ, t,∆,ν,y,u ∝

φp(β;µβ,D)

n
∏

i=1

φ1(η(β,xi); (yi −∆ti), u
−1
i Γ)

π(ui|β,Γ, t,∆,ν,y,x) ∝ uiexp{−
1

2Γ
ui

(yi − η(β,xi)−∆ti)
2 −

1

2
ui(ti − b)

2}h(ui|ν)

π(ν|β,Γ, t,∆,u,y) ∝ π(ν)

n
∏

i=1

h(ui|ν)

µTi
= ∆

Γ+∆2 (yi − η(β,xi)− b∆) M2
T =

∆
Γ+∆2 ,

D =
∑n
i=1 uiti(yi − η(β,xi)) ζ =

∑n
i=1 uit

2
i ,

D = diag(σ2β1
, ..., σ2βp

) µβ = (µβ1
, ..., µβp

)
′

,

SMSN

ν

ST

2
ψ (2,∞)

ν ∼ exp(ψ2 )I(2,∞)

Ui|β,Γ, t,∆, ν,y ∼ Gamma( ν2 + 1, ν2 +
Ci
2 ),

π(ν|β,Γ, t,∆,u,y) ∝

π1(ν)×Gamma(
nν
2 − 1, 12

∑n
i=1 (ui − logui))I(2,∞),

Ci =
1
Γ (yi − η(β,xi) − ∆ti)

2 +

ν π1(ν) = (2
ν
2 Γ( ν2 ))

−n (ti − b)2
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U(−100, 100)

ν ∼ exp(0.1)I(2,∞) Γ−1 ∼ Gamma(0.001, 0.001)

ν ∼ Gamma(0.1, 0.1)I(1,∞) ST

∆ ∼ N(0, 0.01) SSL

AIC BIC

AIC = D(θ)+2pd BIC = D(θ)+2pdln(N)

pd

D(θ) = −2loglikelihood(θ|data) N

BIC AIC

β1

β1diff

β2

β3

λ

ν

σ2

V ar

AIC

BIC
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SMSN
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