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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)
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(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)
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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

��������

����������� ���

�����������	
��
�������� ����

�����������	
��
�������� ����

�����������	
��
�������� ����



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)

[1] R. Avenhaus and M.J. Canty (2005), Playing for Time: A Sequential Inspection
Game, European J. of Operational Research, 167, pp.475-492.

[2] R. Avenhaus, M.J. Canty, D.M. Kilgour and B. von Stengel (1996), Inspection
Games in Arms Control, European J. of Operational Research, 90, pp.383-394.

[3] R. Avenhaus and D. Kilgour (2004), Efficient Distributions of Arm-Control Inspec-
tion Effort, Naval Research Losigtics, 51, pp.1-27.

[4] V. Baston and F. Bostock (1991), A Generalized Inspection Game, Naval Research
Logistics, 38, pp.171-182.

[5] M. Canty, D. Rothenstein and R. Avenhaus (2001), A Sequential Attribute Sampling
Inspection Game for Item Facilities, Naval Research Losigtics, 48, pp.476-505.

[6] M. Dresher (1962), A Sampling Inspection Problem in Arms Control Agreements: A
Game-Theoretic Analysis, Memorandum RM-2972-ARPA, The RAND Corporation,
Santa Monica, California.

[7] T. Ferguson and C. Melolidakis (1998), On the Inspection Game, Naval Research
Logistics, 45, pp.327-334.

[8] A. Garnaev (1994), A Remark on the Customs and Smuggler Game, Naval Research
Logistics, 41, pp.287-293.

[9] R. Hohzaki, D. Kudoh and T. Komiya (2006), An Inspection Game: Taking Account
of Fulfillment Probabilities of Players’ Aims, Naval Research Logistics, 53(8), pp.761-
771.



�������	
��
�����
�����������

����������� ���

[10] R. Hohzaki (2006), A Compulsory Smuggling Model of Inspection Game Taking
Account of Fulfillment Probability of Players’s Aims, J. of the Operations Research
Society of Japan, 49(4), pp.306-318.

[11] R. Hohzaki (2007), An Inspection Game with Multiple Inspectees, European J. of
Operational Research, 178(3), pp.894-906.

[12] R. Hohzaki (2011), An Inspection Game with Smuggler’s Decision on the Amount
of Contraband. Journal of the Operations Research Society of Japan, 54, pp.25–45.

[13] R. Hohzaki and H. Maehara (2010), A Single-Shot Game of Multi-Period Inspection,
European J. of Operational Research, 207(3), pp.1410-1418.

[14] M. Maschler (1966), A Price Leadership Method for Solving the Inspection’s Non-
Constant-Sum Game, Naval Research Logistics Quarterly, 13, pp.11-33.

[15] M. Sakaguchi (1994), A Sequential Game of Multi-Opportunity Infiltration, Mathe-
matica Janonica, 39, pp.157-166.

[16] M. Thomas and Y. Nisgav (1976), An Infiltration Game with Time Dependent Pay-
off, Naval Research Logistics Quarterly, 23, pp.297-302.




