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δ

n m
µ µ

σ2 D =
X̄ − X̄ δ = µ −µ

s2 = σ2( 1

n
+ 1

m
). D

δ D|δ ∼ N
(

δ, s2
)

.

H0 : δ ≤ δ0, δ0

H0 D > δ0 + zαs,
zα P(Z > zα) = α, Z

δ θ
τ2 δ ∼ N

(

θ, τ2
)

D ∼ N (θ, τ2 + s2).

= P(D > δ0 + zαs) = 1 − FD(δ0 + zαs|θ, τ2 + s2),

FX(x|m, v2)
X x X m v2
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Y

Y
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H0 : δ ≤ 0 TRT CTR
σ = 50 α = 0.05 δA = 10

n = m
TRT CTR 1 − β = 0.95 δA = 10

n =
2(zα + zβ)2σ2

δ2
A

= 541

H0

D > δ0 + zαs = 0 + 1.645 × 50 × 2/541 = 0.304.

δA = 10 δA = 10

δ θ = 10

δ < 0

δ
θ = 10 τ = 6.08 0.77

δA 0.95

δA

δ0 δA

+∞
−∞

L U ±∞
α (1−2α) µ −µ

[L,U ] {L ≤ D − zαs ∩ D + zαs ≤ U}
{L + zαs ≤ D ≤ U − zαs}.
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µ + π + δ/2 µ − π − δ/2
µ + π − δ/2 µ − π + δ/2

= P(L + zαs ≤ D ≤ U − zαs)

= FD(U − zαs|θ, τ2 + s2) − FD(L + zαs|θ, τ2 + s2)

U − zαs > L + zαs

n k j
i

Yijk = µ + πk + τl + ηij + ǫijk i = 1, 2, j = 1, . . . , n, k = 1, 2, l = 1, 2

µ, πk, τl ηij

σ2
η ǫijk

σ2
ǫ

π = π1 = −π2 δ = 2τ1 = −2τ2

δ

Dc =
1

2
(ȳ1.1 − ȳ1.2 − ȳ2.1 + ȳ2.2)

ȳi.k =
∑

j yijk/n. yij1 − yij2

2σ2
ǫ Dc|δ ∼ N (δ, s2

c) s2
c = σ2

ǫ /n

= 1 − FDc
(δ0 + zαsc|θ, τ2 + s2

c)
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θ

L U

= FDc
(U − zαsc|θ, τ2 + s2

c) − FDc
(L + zαsc|θ, τ2 + s2

c)

U − zαsc > L + zαsc

n = 200 δ0 = 0
δA = 3 α = 0.01

δ
θ = 0 θ = 3

θ = 1.5
δ > 3

δ < 0
δ τ = 3/z0.05 = 1.82
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n1 m1

n1/n = m1/m
D1 D2

D =

∑n1

1
X +

∑n
n1+1

X

n
−

∑m1

1
X +

∑m
m1+1

X

m
=

n1D1 + n2D2

n
.

D1 D2 δ

si =

√

σ2(
1

ni
+

1

mi
), i = 1, 2.

E (D1) = E (D2) = E (E (D2|δ)) = θ,

Var (D1) = Var (E (D1|δ)) + E (Var (D1|δ)) = Var (δ) + E
(

s2
1

)

= τ2 + s2
1,

Var (D2) = Var (E (D2|δ)) + E (Var (D2|δ)) = Var (δ) + E
(

s2
2

)

= τ2 + s2
2

Cov (D1,D2) = E (E (D1D2|δ))−E (D1) E (D2) = E
(

δ2
)

− θ2 = τ2. D1

D2

[

D1

D2

]

∼ N2

([

θ
θ

]

,

[

τ2 + s2
1 τ2

τ2 τ2 + s2
2

])

,

D2 | D1 = x ∼ N (
s2
1

τ2 + s2
1

θ +
τ2

τ2 + s2
1

x,
τ2s2

1

τ2 + s2
1

+ s2
2).

(l1, u1) u2 H0

u1 u2
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l1 H0

{D1 > δ0 + u1s1} {δ0 + l1s1 ≤ D1 ≤ δ0 + u1s1 ∩ D > δ0 + u2s},

l1, u1 u2

= P(D1 > δ0 + u1s1) + P(δ0 + l1s1 ≤ D1 ≤ δ0 + u1s1 ∩ D > δ0 + u2s)

= (1 − FD1
(δ0 + u1s1|θ, τ2 + s2

1))+
∫ δ0+u1s1

δ0+l1s1

P(D > δ0 + u2s|D1 = x) dFD1
(x|θ, τ2 + s2

1)

= (1 − FD1
(δ0 + u1s1|θ, τ2 + s2

1))+
∫ δ0+u1s1

δ0+l1s1

P(D2 >
n

n2

(δ0 + u2s) −
n1

n2

D1|D1 = x) dFD1
(x|θ, τ2 + s2

1)

= (1 − FD1
(δ0 + u1s1|θ, τ2 + s2

1))+
∫ δ0+u1s1

δ0+l1s1

(

1 − FD2
(

n

n2

(δ0 + u2s) −
n1

n2

x|
s2
1

τ2 + s2
1

θ +
τ2

τ2 + s2
1

x,
τ2s2

1

τ2 + s2
1

+ s2
2)

)

dFD1
(x|θ, τ2 + s2

1).

D1

{δ0 + l1s1 ≤ D1 ≤ δ0 + u1s1} D1

= P(D > δ0 + u2s|D1)

= 1 − FD2
(

n

n2

(δ0 + u2s) −
n1

n2

D1

∣

∣

s2
1

s2
1
+ τ2

θ +
τ2

s2
1
+ τ2

D1,
τ2s2

1

s2
1
+ τ2

+ s2
2).

δ

θ τ2 → ∞

= 1 − FD2
(

n

n2

(δ0 + u2s) −
n1

n2

D1

∣

∣D1, s
2
2),
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2/3

u1 = 2.1351
u2 = 1.6941 l1 = −∞

D1 = 3 0.23

δA = 10 D1 = 3
δA = 10

δA = 10
π(δA|D1 = 3) = 0.54

1/3
δA = 10

2/3
1/3

u1 = 3.2 u2 = 1.6471 D1 = 3
δA = 10 π(δA|D1 = 3) = 0.86 0.50
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D1 | δ ∼ N (δ, s2
1 = c1σ

2)

D2 | δ ∼ N (δ, s2
2 = c2σ

2)

D1 D2

δ
c1σ

2 c2σ
2 c1 c2

D1 D2 δ
δ ∼ N (θ, τ2)

[

D1

D2

]

∼ N2

([

θ
θ

]

,

[

τ2 + s2
1 τ2

τ2 τ2 + s2
2

])

,

D1 D2

{D1 > δ0,1 + zα1
s1} {D2 > δ0,2 + zα2

s2}.

δ

=

∫

(1 − FD1
(δ0,1 + zα1

s1|d, s2
1))(1 − FD2

(δ0,2 + zα2
s2|d, s2

2))dFδ(d|θ, τ2),
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θ δ θ = 0.46
MSE = 0.5 σ2 = MSE = 0.5

τ2

τ2 = 2MSE/10

t
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