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(Particle Filter:PF) GP ,
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. ,

, GP .
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, , [1]-[3].
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D(t): t .

Y (t): t .

S(t): t .

.

D(t+ 1) = d+ ρD(t) + ε(t) (1)

, D(t) , σ ε(t)

. l L

, t D(t) Y (t)
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. , ,

. Yt ,

.

Y (t) = D(t) + [S(t)− S(t− 1)] (2)

S(t), S(t − 1) t, t − 1 . ,

S(t) , .

S(t) = m(t) + kσ
√
v (3)

m(t), v
∑l+1

i=1D(t+ i) d, ρ,D(t), σ .

m(t) =
d

1− ρ
[(l + 1)−

l+1∑
j=1

ρj ] +
ρ(1− ρl+1)

1− ρ
D(t) (4)

v =
1

(1− ρ)2
l+1∑
j=1

(1− ρj)2 (5)

k = Φ−1[h2/(h1 + h2)] (6)

h1, h2 , Φ(.) .

Φ(.) . , h2

.

, , t+L+1

.

Bt =
L+1∑
i=1

Yt+i (7)

. , .

T ∗
t =Mt +Kσ

√
V ,K = Φ−1[P/(P +H) (8)

H,P , . M(t), V

d, ρ, l, L, σ Y (t) ( ,

). , ,

1) ε(t) , .

, , (1) ε(t)

, (8) .

T ∗
t =M

′
t +Kσ

√
V

′
,M ′

t < Mt, V
′ < Vt (9)

M ′
t =Mt − f1(ρ, l, L)εt < Mt, V

′ = f2(ρ, l, L) < Vt (10)
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2.2 :rate distortion function
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SCM ,

, . D(t)
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[9][14]-[18].
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(go) , (back) .

dt D dD , .

dD = α(D, t)dt+ (J1 −D)λgodt+ (J2 −D)λbackdt+ σDdz (11)

dz , λgo, λback (go)

(back) , J1, J2 2 ,

. , N(a, s) a, s
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1: ( ) λgo, λback ( : , :

J1 ∼ N(a11, s11), J2 ∼ N(a12, s12)
. J1, J2 (go),

(back) , .

J1 ∼ N(a21, s21), J2 ∼ N(a22, s22)
(go,back) λgo(D), λback(D) ,

1 [9][14]-[18].

, ,

. 1 ( ) ,

D(t) . 1 λgo(D), λback(D)

(DT11 ) , (θ11

) . 2 ,

.

, , .

(a11 ) . θ11(θ21)

, ( ) , ( ) .

θ12(θ22) , ( )

, , ( ) .

3.2

( )

, . , .
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2: ( : , : )

R(t) t , c(t) .

.

dR(t) = [c(t)−D(t)]dt. (12)

, t T

. , .

V (D,P, f, c, t, R) = max
c
E[

∫ T

t

e−ρ(t−τ)F (D,P, f, c, t, R)dτ ] (13)

F (D,P, f, c, t, R) = PD(t)−A(c(t), f)−H(R)−B([D(t)− c(t)−R(t)]) (14)

, P, f ( ). A(.), H(.), B(.)

, , (back order) .

, B(.) , ,
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, ,

. B(x) , x

x , . ,

, 2 ,

.

B(x) = 0.5x(1 + tanh(10x)) (15)

ρ , , ( ) .

2 , .

V (D,P, f, c, t, R) = max
c
E[

∫ t+dt

t

e−ρ(τ−t)F (D,P, f, c, t, R)dτ

+

∫ T

t+dt

e−ρ(τ−t)F (D,P, f, c, t, R)dτ ] (16)

, .

V (D,P, f, c, t, R) = max
c
E[

∫ t+dt

t

e−ρ(τ−t)F (D,P, f, c, t, R)dτ

+e−ρdt

∫ T

t+dt

e−ρ(τ−(t+dt))F (D,P, f, c, t, R)dτ ] (17)

2 , , , t

dt , .

V = max
c
E[

∫ t+dt

t

e−ρ(τ−t)F (D,P, f, c, t, R)dτ

+e−ρdtV (D + dD, c(t+ dt), t+ dt,R+ dR)] (18)

, (Ito) 2

, , .

0 = max
c
[[F (D,P, f, c, t, R) + L(V ) + (c−D)VR]dt+

2∑
k=1

E[V
(+,D)
k − V ]dqk (19)

L(V ) = Vt +
1

2
σ2VDD + αVD − ρV (20)

V
(+,D)
k = V (D + Jk(D,P, t, Jk), f, t, R) (21)

,V
(+,D)
k (k = 1, 2 go, back ) , D(t)

Jk(.) V (.) . ,

VD = ∂D/∂D, VDD = ∂D
2/∂D2 . V (.) ,

, c .
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dt , dt ,

.

max
c
[L(V ) + F (D,P, f, c, t, R) + (c−D)VR] +

2∑
k=1

ϵkE[V
(+,D)
k − V ] = 0 (22)

, c(.) ,

.

max
c
[F (D,P, f, c, t, R) + (c−D)VR] (23)

c , V (.) , .

0 = L(V ) + F (D,P, f, c, t, R) + (c−D)VR +
2∑

k=1

ϵkE[V
(+,D)
k − V ] (24)

, , .

.

V (D,P, f, T ; c) = 0. (25)
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(2) σ

(3) DT11(DT21)

(4) J1 ∼ N(a11, s11) s11 J1 ∼ N(a21, s21) a21.
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3:

. ,

.

GP , ( 1000 ) ,

, α(.)

. α(.) , .

( 1)

α(.) GP , .

dD(t) = D(t)−D(t− 1) . ,

, dD D dD/D . ,

.

dD/D = α(D, t)/D + σdz (26)

σ , . F

, 1 ( ),

J1, J2 ( ) .

( 2)

i gi(D, t) α(D, t) ,

(27) . , gi(.) α(.)

, dD(t)/D(t) ,

vi(t) . 2 εi

, , vi(t)

, Li

( , 2 ). ,

, εi Li .
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GP , . ,
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.

, α(.), σ
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.
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,
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m . ,
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, .

, .

[25]-[28] , , A

, .

(1) ,

, . ,

tc , x = [D(tc −K), D(tc −K +1), ..., D(tc), ..., D(tc+
K − 1), D(tc +K)] (K , ). ,

x , 2 y . ,
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) .
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, 1 ,
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, , F .
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, . α(.) ,

. ,

, , [9] ,

α(.) . ,

. ,

, 2π , 1/2 1/3

fi(x) . , ,

.

f1(x) = sin(x), 0 ≤ x ≤ 2π
f2(x) = [sin(x) + sin(2x)]/1.42, 0 ≤ x ≤ 2π
f3(x) = [sin(x) + sin(3x)]/1.73, 0 ≤ x ≤ 2π
dD 1 α(D, t) ,

, .

αi(D, t) = 6fi(2πt) + 0.4(Dz −D) (27)

Dz , .

Dz = 70, Dz = 100

, . , θ11

, ,

, . , ,

. ,

.

θ11 = 0.01, θ12 = 0.85

θ21 = 0.01, θ22 = 0.85

,

, .

, .

DT11 = 100, DT12 = 200, DT21 = 150, DT22 = 30

J1, J2 , ,

. C1(D1) ( )

, .

C1:a11 = 700, s11 = 100, a12 = 100, s12 = 10

D1:a21 = 10, s21 = 5, a22 = 20, s22 = 10

,

, , ( )

, . , C2, C3 .

C2:a11, s11, a12, s12

C3:a11, s11, a12, s12 1/4

D2:a21, s21, a22, s22 2



経　済　学　研　究　　第79巻　第５・６合併号

－50－

1:

αi(.) C1 C2 C3 D1 D2 D3

α1(.) 0.98 0.71 0.67 0.98 0.85 0.75

α2(.) 0.98 0.76 0.66 0.97 0.78 0.66

α3(.) 0.97 0.78 0.65 0.99 0.77 0.63

D3:a21, s21, a22, s22 3

, F , K = 2

.

, ,

1 , ,

. , αi(.)

, , 30 .

, ,

30 . 30 .

1 , αi(.) , ,

, . 1

, C1 C3 , D1 D3 ,

. ,

. , C3, D2

, ,

.

α(.)

, GP αi(.)

. GP , .

:1000

:30

:0.2, :0.01

2 , αi(.) , GP (

α̂i(.) ) , 2 2 αi(.)

. 2 , αi(.) α(.) C1 C3,

D1 D3 .

.

, 35% .

3 , αi(.) GP α̂i(.) .

GP , 350 500 . 3

,

. , GP ,
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2: GP αi(.) ( 2 )

αi(.) C1 C2 C3 D1 D2 D2

α1(.) 0.04 0.12 0.22 0.05 0.13 0.20

α2(.) 0.10 0.20 0.27 0.14 0.18 0.28

α3(.) 0.18 0.19 0.34 0.13 0.25 0.35

.

4, 5 , αi(.)

, . , DT11, DT12 , 2

2 , ,

. , αi(.)

, C1 C3, D1 D3

, . , C3, D3 ,

, , ,

.

5

5.1

, ,

. , ,

,

, . ,

.

(1) ω0

(2) σ

(3) DT11(DT21)

(4) J1 ∼ N(a11, s11) s11 J1 ∼ N(a21, s21) a21.

,

, . ,

, .

:

α(x, t) = 0.4[(15 sin 0.26t+ 27− x)]
σ = 0.2, DT11 = 100, DT12 = 100

a11 = 700, s11 = 100, a12 = 100, s12 = 10, θ11 = 0.01, θ12 = 0.85

:

α(x, t) = 0.4[(15 sin 0.26t+ 27− x)]
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3: αi(.) α̂i(.)

α1(.)

C1: 6.1 sin(0.261t)+27.9−0.401p D1: 6.1 sin(0.264t)+40.1−0.402p
C2: 6.1 sin(0.258t+0.01)+27.9−

0.398p

D2: 6.0 sin(0.261t+0.001)+39.1−
0.402p

C3: 6.0 sin(0.264t+0.002)+28.0−
0.42p

D3: 6.1 sin(0.27t+0.001)+40.1−
0.41p

α2(.)

C1: 3.53 sin(0.264t) +

3.49 sin(0.528t) + 28.0− 0.4p
D1: 3.592 sin(0.267t) +

3.533 sin(0.534t) + 40.2 −
0.401p

C2: 3.54 sin(0.264t) +

3.49 sin(0.534t) + 28.0 −
0.401p

D2: 3.60 sin(0.272t) +

3.59 sin(0.534t)+40.2−0.40p

C3: 3.81 sin(0.273t) +

3.53 sin(0.534t)+28.01−0.4p
D3: 3.66 sin(0.272t + 0.001) +

3.592 sin(0.544t) + 40.2 −
0.402

α3(.)

C1: 4.84 sin(−0.261t) +

4.80 sin(0.793t) + 28.2 −
0.401p

D1: 4.89 sin(0.261t) +

4.8 sin(0.777t)+40.2−0.401p

C2: 4.89 sin(0.261t) +

4.81 sin(0.777t) + 28.2 −
0.401p

D2: 4.84 sin(0.261t) +

4.89 sin(0.811t) + 40.2 −
0.401p

C3: 4.8 sin(0.261t) +

4.88 sin(0.811t) + 28.1− 0.4p
D3: 5.03 sin(0.261t) +

5.03 sin(0.811t)40.2− 0.401p

σ = 0.2, DT21 = 100, DT22 = 50

a21 = 50, s21 = 20, a22 = 50, s22 = 20, θ21 = 0.01, θ22 = 0.85

4 , ω0, σ ,DT11(DT21) a11, a21

. ,

t = 1 T , V (0)

. , V (0)

(V (0)P ) . ,

, V (0)(V (0)S ) V (0)P .

, 2 , .

, 4 Case I Case IV
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4: ( )

C1 σ a11 s11 a12 s12 DT11 DT12

α1(.) 0.06 0.02 0.02 0.09 0.09 0.04 0.06

α2(.) 0.06 0.01 0.02 0.11 0.08 0.06 0.07

α3(.) 0.07 0.01 0.02 0.14 0.12 0.07 0.09

C2 σ a11 s11 a12 s12 DT11 DT12

α1(.) 0.11 0.08 0.09 0.13 0.13 0.09 0.12

α2(.) 0.13 0.06 0.09 0.16 0.12 0.13 0.09

α3(.) 0.11 0.04 0.11 0.16 0.14 0.14 0.12

C3 σ a11 s11 a12 s12 DT11 DT12

α1(.) 0.24 0.56 0.52 0.94 0.98 0.45 0.56

α2(.) 0.32 0.53 0.52 0.78 0.78 0.56 0.67

α3(.) 0.31 0.56 0.56 0.89 0.76 0.53 0.87

. In Case I Case IV , 4 0.5, 1.2, 1.5

1.8 . Case I α(t)

, 0.5× α(t) .

1 ,

. .

Q = (V (0)P − V (0)S)/V (0)P (28)

6 , .

(1) ω0 .

(2) σ .

(3) DT21, a21 .

ω0 ,

, . σ ,

, .

σ , ,

.

, DT21, a21 ,

, , .

5.2

, 4 ,

, ω0 σ
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5: ( )

D1 σ a11 s11 a12 s12 DT11 DT12

α1(.) 0.15 0.13 0.20 0.17 0.12 0.20 0.18

α2(.) 0.12 0.15 0.17 0.16 0.13 0.19 0.19

α3(.) 0.14 0.16 0.16 0.18 0.12 0.17 0.18

D2 σ a11 s11 a12 s12 DT11 DT12

α1(.) 0.19 0.23 0.24 0.31 0.15 0.26 0.24

α2(.) 0.21 0.29 0.25 0.29 0.13 0.26 0.26

α3(.) 0.20 0.28 0.32 0.28 0.15 0.27 0.28

D3 σ a11 s11 a12 s12 DT11 DT12

α1(.) 0.45 0.76 0.23 0.76 0.34 0.45 0.52

α2(.) 0.51 0.75 0.32 0.74 0.45 0.65 0.51

α3(.) 0.49 0.75 0.27 0.80 0.56 0.67 0.49

6: Q ( )

forward Case I Case II Case III Case IV

ω0 0.12 0.11 0.11 0.12

σ 0.04 0.12 0.19 0.14

DT11 0.01 0.01 0.01 0.01

a11, a21 0.01 0.02 0.03 0.05

. ,

,

. ,

, .

, , .

(chasm) , [29][30].

, ,

, [29][30].

1962 , (E.M.Rogers)

, 5 .

(1) (Innovators) ( 2.5%).

(2) (Early Adopters) ,

, ( 13.5%).

(3) (Early Majority) ,

( 34.0%).
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7: Q ( )

forward Case I Case II Case III Case IV

ω0 0.13 0.12 0.12 0.13

σ 0.03 0.10 0.16 0.14

DT21 0.004 0.008 0.008 0.005

a21, a21 0.0004 0.002 0.004 0.009

(4) (Late Majority) ,

, (

34.0%).

(5) (Laggards) , ,

.

5 ,

A (G.A.Moore) 1991 ,

16% ( :chasm) . ,

, ,

, .

,

. , , ,

, .

,

. , .

, .

,

. 2∼4 ,

.

, ,

. , .

DT11 = 0.01 ∼ 0.4, DT21 = 0.1
,

Q , 8 . ,

, 2 . ,

, ,

Q = 0.012 , Q = 0.087

. ,

. ,

,

, .
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8: Q

2 3 4

0.012 0.023 0.045

2 0.022 0.048 0.087

6

SCM

, . 4

,

. , GP

, . ,

.

, ,

.

, (B)23310104 .

.
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