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密輸ゲームにおける2隻 の取締艇 による取締効果

宝 崎 隆 祐 ・前 原 裕 樹

概要　 この論文 は,取 締者 と密輸者が プレイす る密輸取締ゲームを取 り扱 ってい る。ゲーム

は決め られた 日数で行われ,取 締者 はその間 に許容 された延べ隻数の取締艇の派出が可能で

あるが,1隻 を派遣す るか,2隻 を派遣す るかを選択 して効果的な取締を考え ることがで き

る。一方,密 輸者 も許容 された回数の範囲内で密輸を企図す る。取締者 は密輸者を掌捕で き

たときに利得を得,密 輸者は密輸成功 により利益を得 るが,支 払全体で はゼ ロ和であ る。各

日ごとに相手 プレイ ヤーの過去の行動戦略が観測で きるとす る多 くの従来研究に対 し,こ の

論文では,お 互 いの手の内が分か らない状況下での プレイヤーの最適戦略を導出 し,そ の分

所を行 う。
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Abstract This paper deals with a smuggling game with Customs and a smuggler. 

Within the limited number of days, Customs can afford to use one or two boats si-

multaneously within the limit of the total number of dispatching boats and the smuggler 

can try to ship contraband within the allowed number of smuggling. The capture 

of the smuggler brings Customs some reward and the success of smuggling gives 

the smuggler some gains although the payoff of the game is zero-sum. Almost all 

researches on the smuggling game assume that players know their opponents' past 

behaviors. In this paper, we develop a methodology to derive optimal strategies of 

players and analyze them under the circumstance of unconsciousness of adversary
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2

A1. N

A2. N

M L

M ≤ 2N, L ≤ N

A3.

A4.

p1 q1

p2 q2 p1+ q1 ≤ 1, p2+ q2 ≤ 1

p1 < p2 < 1, q1 > q2

A5.

A6. α > 0 1

αp2− q2 > 0

A7. (A1)∼(A6)



�������	
�������
�����������

����������� ���

(A4) β1 ≡
αp1 − q1 β2 ≡ αp2 − q2 β1 < β2

T = {1, 2, . . . , N} i ∈ T

x(i) x(i) = 2 x(i) = 1 x(i) = 0

x = (x(i), i ∈ T ) (A2)

N∑
i=1

x(i) ≤M (1)

i ∈ T y(i) = 1 y(i) = 0

y = (y(i), i ∈ T )

N∑
i=1

y(i) ≤ L (2)

3

x y

n ∈ T n− 1

T2(n) =
1

2

n−1∑
i=1

y(i)x(i)(x(i)− 1)

x(i)(x(i) − 1) x(i) = 2 2

T1(n) =
n−1∑
i=1

y(i)x(i)(2−
x(i)) n

(1 − p2)
T2(n)(1 − p1)

T1(n) n (x(n), y(n)) = (2, 1)

β2 (x(n), y(n)) = (1, 1) β1 (x(n), y(n)) = (0, 1) −1,
(2, 0), (1, 0), (0, 0) 0 x

y R(x,y)

R(x,y) =
1

2

N∑
n=1

y(n) {β2x(n)(x(n)− 1) + 2β1x(n)(2− x(n))− (1− x(n))(2− x(n))}

×(1− p2)T2(n)(1− p1)T1(n)

(1) (2)



��������

����������� ���

N

1 M

: (i) x i x(i) = 1 x(i) = 0

x′ [n1, n2] Rn2
n1
(x,y)

y [1, i] i

[i+ 1, N ]

R(x,y) = Ri−1
1 (x,y) + β1y(i)(1− p2)T2(i)(1− p1)T1(i) +RN

i+1(x,y) (3)

R(x′,y) = Ri−1
1 (x′,y)− y(i)(1− p2)T2(i)(1− p1)T1(i) +RN

i+1(x
′,y) (4)

Ri−1
1 (x,y) = Ri−1

1 (x′,y)

y(i) = 0 n ≥ i + 1

T2(n), T1(n) x, x′ RN
i+1(x,y) = RN

i+1(x
′,y)

R(x,y) = R(x′,y) y(i) = 1 n ≥ i+1

T1(n) x x′ RN
i+1(x

′,y) = RN
i+1(x,y)(1− p1)

−1

(3) (4)

R(x,y)−R(x′,y) = (β1 + 1)(1− p2)T2(i)(1− p1)T1(i) − p1
1− p1R

N
i+1(x,y) (5)

α

R(x,y) ≤ α

i+ 1 RN
i+1(x,y) ≤ α(1− p2)T2(i)(1− p1)T1(i)+1

(5)

R(x,y)−R(x′,y) ≥ (β1 + 1)(1− p2)T2(i)(1− p1)T1(i) − p1
1− p1α(1− p2)

T2(i)(1− p1)T1(i)+1

= (β1 + 1− αp1)(1− p2)T2(i)(1− p1)T1(i) = (1− q1)(1− p2)T2(i)(1− p1)T1(i) > 0

x x′

(ii) x j x(j) = 2 x(j) = 1

x′
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(i) y(j) = 0 R(x,y) = R(x′,y) y(j) = 1

n ≥ j + 1 T2(n) x x′ T1(n)

RN
j+1(x

′,y) = RN
j+1(x,y)(1− p1)/(1− p2)

(i) [1, j − 1], j, [j + 1, N ]

R(x,y) = Rj−1
1 (x,y) + β2(1− p2)T2(j)(1− p1)T1(j) +RN

j+1(x,y)

R(x′,y) = Rj−1
1 (x,y) + β1(1− p2)T2(j)(1− p1)T1(j) +

1− p1
1− p2R

N
j+1(x,y)

R(x,y)−R(x′,y) = (β2 − β1)(1− p2)T2(j)(1− p1)T1(j) − p2 − p1
1− p2 R

N
j+1(x,y)

(i) RN
j+1(x,y) ≤ α(1−p2)T2(j)+1(1−p1)T1(j)

R(x,y)−R(x′,y) ≥ (β2 − β1)(1− p2)
T2(j)(1− p1)

T1(j) − p2 − p1
1− p2

α(1− p2)
T2(j)+1(1− p1)

T1(j)

= {β2 − β1 − α(p2 − p1)}(1− p2)
T2(j)(1− p1)

T1(j) = (q1 − q2)(1− p2)
T2(j)(1− p1)

T1(j) > 0

x x′

(i), (ii)

M

x M L

�M/2�∑
z=max{0,M−N}

N !

z!(M − 2z)!(N −M + z)!
,

L∑
z=0

N !

z!(N − z)!

4

3
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y

y = (yN , yN−1, . . . , y1)

Y = {y ∈ {0, 1}N |∑N
t=1 yt ≤ L} t

Zt = {y ∈ Y |yt = 1} y π(y) π =

{π(y)|∑y∈Y π(y) = 1, π(y) ≥ 0} t

∑
y∈Zt

π(y)

t π

m

fmt (π) t

dmt (π) gmt (π)

hmt (π) t t− 1

dmt (π) = β2
∑
y∈Zt

π(y) +

⎛
⎝1− p2

∑
y∈Zt

π(y)

⎞
⎠ fm−2t−1 (Λ2

tπ) (6)

gmt (π) = β1
∑
y∈Zt

π(y) +

⎛
⎝1− p1

∑
y∈Zt

π(y)

⎞
⎠ fm−1t−1 (Λ1

tπ) (7)

hmt (π) = −
∑
y∈Zt

π(y) + fmt−1(π) (8)

t t

t − 1

π Λ2
tπ

t π

Λ2
tπ(y) =

⎧⎪⎨
⎪⎩
π(y)(1− p2)/(1− p2 ∑z∈Zt

π(z)), yt = 1

π(y)/(1− p2 ∑z∈Zt
π(z)), yt = 0

yt = 1, 0

Λ2
tπ(y) =

π(y)(1− p2yt)
1− p2 ∑z∈Zt

π(z)
(9)
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t π

Λ1
tπ

Λ1
tπ(y) =

π(y)(1− p1yt)
1− p1 ∑z∈Zt

π(z)
(10)

t

fmt (π)

m ≥ 2 fmt (π) = max{dmt (π), gmt (π), hmt (π)}, (11)

m = 1 fmt (π) = max{gmt (π), hmt (π)}, (12)

fm0 (π) = 0, (13)

f0t (π) = −
t∑

i=1

∑
y∈Zt

π(y), (14)

f11 (π) = β1
∑
y∈Z1

π(y), (15)

f2tt (π) =
∑
y∈Y

π(y)
t∑

i=1

yiβ2(1− p2)
∑t

j=i+1
yj (16)

(14)

(16)

(11) (12) fmt (π) dmt (π),

gmt (π) hmt (π) t

(13) (11) (12) m = 0, 1, . . . ,min{2t,M}, t = 1, 2, . . . , N

N π

fMN (π) x∗ π |Y | − 1

fMN (π) π∗

fMN (π∗)

N = 2, M = 2, L = 1

L = 1 y1 = (1, 0), y2 = (0, 1)

y3 = (0, 0) y1, y2 π1, π2 y3

1 − π1 − π2 fm1 (π) f22 (π)

x∗2, x∗1 2 1
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(i) β2 < 2β1 + 1

f2
2 (π) =

⎧⎪⎪⎨
⎪⎪⎩

d22(π) = β2π1 − π2, π2 < β2−β1
β1+1

π1 π2 < π1 ( 1© x∗2 = 2, x∗1 = 0)

g22(π) = β1(π1 + π2),
β2−β1
β1+1

π1 ≤ π2 < β1+1
β2−β1

π1 ( 3© x∗2 = 1, x∗1 = 1)

h2
2(π) = −π1 + β2π2, π1 ≤ π2

β1+1
β2−β1

π1 ≤ π2 ( 2© x∗2 = 0, x∗1 = 2)

(17)

(ii) β2 ≥ 2β1 + 1

f22 (π) =

⎧⎪⎨
⎪⎩
d22(π) = β2π1 − π2, π2 < π1 ( 1© x∗2 = 2, x∗1 = 0)

h22(π) = −π1 + β2π2, π2 ≥ π1 ( 2© x∗2 = 0, x∗1 = 2)
(18)

(i)

(17) (ii)

β2 (ii)

(i) π1 π2 y1

y2

1
12

1
2

1
−
+=

1
1

12
2

−=

1

2

12 =

1

2

: :

β2 < 2β1 + 1 β2 ≥ 2β1 + 1

minπ f
2
2 (π) π∗

α = 2, p1 = 0.3, q1 = 0.7, p2 = 0.5, q2 = 0.3

(i) π1− π2 (17) f22 (π) z

AB π1 + π2 = 1, 8/17 ≤ π1 ≤ 9/17

π −0.1
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)(2
2f

12

: π

5

3 N = 7, M = 4, L = 4

x, y

π∗ t
∑

y∈Zt
π∗(y)

∑
y∈Y π∗(y)

∑N
t=1 yt

α = 3, p1 = 0.3, q1 = 0.4, p2 = 0.5, q2 = 0.1

4/7

p1 = 0.3

−0.35
p2 = 0.65
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2.9

−0.28

p2 = 0.7

2/7

−0.19

: p2 = 0.5

: p2 = 0.65

: p2 = 0.7
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6

N = 2, M = 2, L = 1 f22 (π)

y1 = (1, 0),

y2 = (0, 1) y3 = (0, 0) y1, y2 π1, π2

y3 1−π1−π2 ∑
y∈Z1

π(y) = π2,
∑

y∈Z2
π(y) = π1

(14)∼(16) t = 1 fmt (π)

f01 (π) = −
∑
y∈Z1

π(y) = −π2 (A1)

f11 (π) = β1
∑
y∈Z1

π(y) = β1π2 (A2)

f21 (π) =
∑
y∈Y

π(y)y1β2 = β2π2 (A3)

t = 2 d22, g
2
2, h

2
2 (6)

d22(π) = β2π1 + (1− p2π1)f01 (Λ2
2π)
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(9) Λ2
2π(y) = π(y)(1− p2y2)/(1− p2π1) (A1)

f01 (Λ
2
2π) = −(Λ2

2π)2 = −
π2

1− p2π1
d22(π) = β2π1 − π2 g22(π) (7)

g22(π) = β1π1 + (1− p1π1)f11 (Λ1
2π)

(10) Λ1
2π(y) = π(y)(1− p1y2)/(1− p1π1) (A2)

f11 (Λ
1
2π) = β1(Λ

1
2π)2 =

β1π2
1− p1π1

g22(π) = β1(π1+π2) h22(π) (8) (A3) h22(π) = −π1+β2π2

d22(π), g
2
2(π), h

2
2(π) d22(π) > g22(π)

π2 < (β2 − β1)π1/(β1 + 1) d22(π) > h22(π) π2 < π1

g22(π) > h22(π) π2 < (β1 + 1)π1/(β2 − β1)

f22 (π)

β2 ≥ 2β1 +1 (β2− β1)π1/(β1 +1) < (β1 +1)π1/(β2− β1)
β2 < 2β1+1 (17) β2 ≥ 2β1+1

(18) f22 (π)
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