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Abstract: Λʮॴ༩ͷࣾൣنௐୡʹ͓͚Δஊ߹͕ɼࣾձతʹ໰୊ͱ͞Ε͍ͯΔɽAxelrod͸ɼڞެ
ձతഎܠʹ͓͍ͯɼݸਓ͕Ұൠతʹ͋Δछͷํ๏Ͱߦಈ͠ɼͦͷΑ͏ͳํ๏ͰͷߦಈΛଵΔͷΛ໨ܸ
͞Εͨͱ͖ʹ͸ॲേ͞ΕΔɼͦͷఔ౓ʹґଘͯ͠ଘ͢ࡏΔ΋ͷʯͱఆٛͯ͠ɼൣنͷҡ࣋ʹ͸ʮϝλ
ங͠ɼγϛϡϨʔγϣϯΛߏʯ͕ඞཁͰ͋Δ͜ͱΛࣔͨ͠ɽ͜ͷϞσϧΛԉ༻ͯ͠ஊ߹ϞσϧΛൣن
ಘΔ͜ͱΛࣔͨ͠ɽ࣋͠Ͱ͸ඞཁͰ͸ͳ͘ɼൺֱత༰қʹҡ·ൣنɼஊ߹ͷ੒ཱʹ͸ϝλͯ͠ߦ࣮

1 ͸͡Ίʹ

ௐୡʹ͓͚Δஊ߹͕ɼࣾձతʹ໰୊ͱ͞Ε͍ͯڞެ
Δɽஊ߹Λ๷͢ࢭΔͨΊʹ͸ɼͦΕ͕ҡ࣋͞ΕΔϝΧ
χζϜΛ෼ੳ͢Δඞཁ͕͋ΔɽຊڀݚͰ͸ɼஊ߹ͷҡ
ʣ͕ඞཁͰ͋ΔͱͷԾઆΛཱͯɼൣنʢྗ੍ڧ͸ɼʹ࣋
Ռͨ͢໾ׂΛ෼ੳ͢Δɽʹ࣋ஊ߹ͷҡ͕ൣن

2 ؔ࿈ڀݚ

ஊ߹͸ɼඇެࣜ૊৫Ͱ͋ΓɼݸʑͷΤʔδΣϯτͷߦ
ಈ͕ஊ߹Λ੒ཱͤ͞Δ΋ͷͱ͑ߟΔͱɼެࣜ૊৫Λ૊
৫͢Δͱ͖ʹඞཁͳτοϓμ΢ϯܕͷΞϓϩʔνͰ͸
ͳ͘ɼϘτϜΞοϓܕͷΞϓϩʔν͕ඞཁͱͳΔɽϘτ
ϜΞοϓܕͷΞϓϩʔνʹ͸ABMʢAgentBasedMod-

eling)͕͋Δ͕ɼ͜ΕʹΑΓൣنΛͨ͠ڀݚ΋ͷͱ͠
ͯɼAxelrod[3]ͷ͕͋ڀݚΔɽ
·ͨɼೖࡳ͸ҰछͷΦʔΫγϣϯͰ͋Δ͕ɼΦʔΫ
γϣϯʹ͓͚Δஊ߹Λͨ͠ڀݚ΋ͷͱͯ͠ɼMcAfee,

R.P. and McMillan, J. [2]͕͋Δɽ

2.1 Ϟσϧൣن

Axelrod[3]͸ɼϞσϧԽͱγϛϡϨʔγϣϯʢ100ճ
ʯ͕ඞൣن͸ʮϝλʹ࣋ͷҡൣنʣͷ݁Ռ͔Βɼߦࢼ
ཁͰ͋Δ͜ͱΛࣔͨ͠ɽ˙

AxelrodͷϞσϧΛਤͰࣔ͢ͱɼਤ 1ͷͱ͓ΓͰ͋Δɽ
AxelrodͷϞσϧͱγϛϡϨʔγϣϯͷ݁Ռʹର͠ɼ
ͷ਺ཧϞσϧΛల։͢Δͱͱ΋ʹγϛϡϨʔγϣϯൣن
Λͯ͠ߦࢼ࠶ɼߦࢼճ਺Λ૿΍͢͜ͱʹΑΓϝλൣن
ΛҎͯͯ͠΋ඞͣ͠΋͕ൣنҡ࣋͞Εͳ͍͜ͱΛࣔ͠

ਤ 1: AxelrodͷൣنϞσϧ [3]

ͨͷ͕ɼJose Manuel Galan and Luis R. Izquierdo[1]

Ͱ͋Δɽ

2.2 ΦʔΫγϣϯཧ࿦

McAfee, R.P. and McMillan, J. [2]͸ɼஊ߹ΛStrong-

CartelsͱWeakCartelsʹ෼͚ͯ෼ੳΛ͍ͯͬߦΔɽStrong-
CartelsͰ͸ɼஊ߹αʔΫϧ಺Ͱͷརಘͷ෼഑͕ߦΘΕ
ΔɽҰํͰɼWeakCartels Ͱ͸ɼརಘͷ෼഑͸ߦΘΕ
ͣɼམऀࡳΛॱ൪ʹܾఆͨ͠ΓɼܾΊΒΕͨՁ֨Ͱೖ
ͷܾఆ͸ൃ஫ऀଆͷϧʔϧʢ͘͡Ҿ͖ऀࡳɼམͯ͠ࡳ
౳ʣʹ೚ͤͨΓ͢Δ͢Δ΋ͷͱ͞ΕΔɽ
·ͨɼ͜ͷ෼ੳͰ͸ɼஊ߹Λҡ࣋͢ΔͨΊʹ͸ԿΒ
͔ͷ͕ྗ੍ڧඞཁͱ͞Ε͍ͯΔ͕ɼͦͷ͋Γํʹ͍ͭ
ͯ͸ɼઌڀݚߦΛҾ༻ཱͯͪ͠ೖΒͳ͍͜ͱͱ͍ͯ͠
Δɽͦͯ͠ɼ෼ੳͷओ୊͸ɼஊ߹ͷҡ࣋ͱೖऀࡳͷ࣋
ͭকདྷׂҾ཰ͷؒͷؔ܎ͱஊ߹ʹର͢ΔചΓखʢൃ஫
ऀʣଆͷରࡦͱͳ͍ͬͯΔɽ
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ͳ͓ɼMcAfee, R.P. and McMillan, J. [2]͕ઌݚߦ
ͱෳऀ࢈͸ɼҰൠతͳෳ਺ੜݙͱ͍ͯ͋͛ͯ͠Δจڀ
਺ফඅऀͷҰൠతࢢ৔Λର৅ͱͨ͠෼ੳͱͳ͍ͬͯΔɽ

3 ஊ߹ͷ਺ཧϞσϧ

ͷ਺ཧϞσϧΛɼஊ߹ͷ਺ཧϞσϧʹվมͯ͠ɼൣن
Ռͨ͢໾ׂΛʹ࣋ʣͷҡൣنʢ௄േʣ͕ஊ߹ʢྗ੍ڧ
෼ੳ͢Δɽ͜͜Ͱͷओ୊͸ɼҰൠࢢ৔Ͱ͸ͳ͘ɼ1ͷ
ൃ஫ऀ (buyer)ͱෳ਺ͷೖऀࡳ (seller)ͷݶΒΕͨڥ؀
ͷதͰɼsellerؒͷஊ߹ ʢ௄േʣྗ੍ڧʹ࣋ͷҡ(ൣن)
͕Ռͨ͢໾ׂͰ͋Δɽ
ஊ߹Ͱͷྗ੍ڧʢ௄േʣ͕Կ͔͕໰୊Ͱ͋Δ͕ɼྫ
͑͹ɼެۀࣄڞͰ͸ଟॏԼ੥͚ߏ଄͕͋Δ͜ͱ͕ࢦఠ
͞Ε͍ͯΔɽStrongCartelsͰͷརಘͷ෼഑ͷҰܗଶͱ
ͯ͠Լ੥͚ʹೖΔ͜ͱʹΑΔརӹ෼഑͕͑ߟΒΕɼڧ
੍ྗʢ௄േʣͷҰܗଶͱͯͦ͠ͷԼ੥͚͔Β֎͞ΕΔ
͜ͱʹΑΔඃ͑ߟ͕֐ΒΕΔɽWeakCartelsʹ͍ͭͯ
͸ɼྫ͑͹ݐઃۀʹ͓͚Δۀքஂମ͕͋Δ͜ͱʹΑΔ
૬ޓැॿ͕ؔ͋܎ΓɼैΘͳ͍͜ͱʹΑΔඃ͑ߟ͕֐
ΒΕΔɽ
ஊ߹Ϟσϧ΁ͷվมʹ͋ͨΓɼ3ͭͷ఺Λม͢ߋΔɽ
ୈҰʹɼஊ߹ʢڠௐʣʹΑΔརಘR(Reward)ͷಋೖͰ
͋ΔɽAxelrodͷൣنϞσϧʹ͓͍ͯ͸ɼR͸ 0ͱ͞
Ε͍ͯΔɽೖࡳʹ͓͍ͯ͸ɼೖࡳʹΑΓউརऀʹͳΔ
ͱܖ໿͕੒ཱͯ͠རӹΛ֬อ͢ΔલఏΛ͓͍ͯɼR > 0

ͱ͢Δɽୈೋʹɼཪ੾ΓʹΑΔपғͷΤʔδΣϯτʹ
༩͑Δ HΛ֎͢ɽAxelrodͷൣنϞσϧ͸ɼࣾձʹ͓
͚Δެࡒڞͱͯ͠ͷൣنͷ෼ੳ͕ओ୊Ͱ͋Γɼެࡒڞ
ͷࡡऔʹΑΔपғ΁ͷඃ͕֐૝ఆ͞Ε͍ͯΔ͕ɼຊݚ
͸ɼཪ੾Γʢஊ߹ഁΓʣʹΑΔଞͷΤʔδΣ͍͓ͯʹڀ
ϯτʹର͢Δ௚઀ඃ͕֐૝ఆ͠ʹ͍͘͜ͱʹΑΔɽୈ
Ռ͕ެද͞ΕΔ͜ͱ͔݁ࡳ͸ɼೖ͍͓ͯʹࡳɼೖʹࡾ
Βɼཪ੾Γʢஊ߹ഁΓʣ͸جຊతʹൃ͞ݟΕΔ΋ͷͱ
཰ݟΒΕΔ͜ͱ͔Βɼൃ͑ߟ SͷཁૉΛ֎͢ɽ
Ϟσϧͷ֓ཁΛਤࣔ͢Δͱɼਤ 2ͷͱ͓ΓͰ͋Δɽ

ਤ 2: ஊ߹Ϟσϧ

͜ΕʹΑΓɼ·ͣஊ߹ͷ਺ཧϞσϧΛߏஙͯ͠ਐԽ

త҆ఆ৚݅ (ESS:Evolutionary Stable State)Λࢉఆ͢
Δɽ͜ΕʹΑΓɼஊ߹γεςϜͷ҆ఆ৚݅Λ෼ੳ͢Δɽ
͜͜Ͱ͸ɼStrong Cartelsʹ͍ͭͯ෼ੳ͢Δɽ
ஊ߹ϞσϧͰͷPayoff-equation͸ɼҎԼͷͱ͓Γʹ
ఆࣜԽ͞ΕΔɽ

(1)

Payoffi = Defi1 ∗ T +Defi2 ∗
R

n

+
n∑

j=1
j ̸=i

Punij ∗ E +
n∑

j=1
j ̸=i

Punji ∗ P

RΛ nͰআ͍ͯ͠Δͷ͸ɼஊ߹ࢀՃऀͰ RΛ෼഑͢
ΔͨΊͰ͋Δɽ͜͜ͰɼAxelrodͷൣنϞσϧͷઃఆ
Λ౿ऻͯ͠ɼTɿཪ੾Γརಘ (Temptation)ɼEɿ௄േί
ετ (Enforcement)ɼPɿ௄േඃ֐ (Punishment)ͱ͠ɼ
AxelrodͷൣنϞσϧͱಉ͘͡ɼT = 3, E = −2, P =

−9, n = 20ͱ͢Δɽ

Defi1 =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

1 If agent i defects

Prob(Defi1 ≡ 1) =
bi

n∑

i=1

bi

0 If agent i cooperates

Prob(Defi1 ≡ 0) = 1−
bi

n∑

i=1

bi

n∑
i=1

bi͸ɼdetect͢ΔೖࢀࡳՃऀͷਓ਺ͷظ଴஋Ͱ͋

Γɼڝ૪ೖऀࡳʢஊ߹ഁΓΛ͢Δऀʣ͔ΒϥϯμϜʹ
མ͕ऀࡳબ୒͞ΕΔͨΊͰ͋Δɽ

Defi2 =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

1 If agent i cooperates

Prob(Defi2 ≡ 1) =
n∏

i=1

(1 − bi)

0 If agent i defects

Prob(Defi2 ≡ 0) = 1 −
n∏

i=1

(1 − bi)

n∏

i=1

(1 − bi)ͱͳ͍ͬͯΔͷ͸ɼೖࢀࡳՃऀ͕શһஊ

Ճ͢Δඞཁ͕͋ΔͨΊͰ͋Δɽࢀʹ߹

Punij =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

1 If agent i punishes agent j

Prob(Defij ≡ 1) = bj ∗ vi
0 If agent i does not punish agent j

Prob(Defij ≡ 0) = 1− bj ∗ vi
཰Λද͢ݟൃ (bj/2)Λ֎͍ͯ͠Δɽ͜Ε͸ɼൃݟ཰

S͕Ұ༷෼෍Ͱ͋Δ͜ͱ͔Βɼ0͔Β bj ·ͰͷؒͰ͋
Δظ଴஋Λ͍ͯ͠ࢉܭΔ΋ͷͰ͋Δ͕ɼൃݟ཰ʹؔΘ
Βͣ௄േΛ͜͏ߦͱͱ͢ΔͷͰɼ౰֘ظ଴஋Λ֎͢ɽ
͕ͨͬͯ͠ɼΤʔδΣϯτ iͷ 1ϥ΢ϯυͰͷظ଴
རಘ͸ɼ࣍Ͱද͞ΕΔɽ
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(2)

Exp(payoffi) = T ∗ bi
n∑

i=1

bi

+
R

n
∗

n∏

i=1

(1− bi)+E

∗ vi ∗
n∑

j=1
j ̸=i

bj + P ∗ bi ∗
n∑

j=1
j ̸=i

vj

͜͜ʹ͓͍ͯɼΤʔδΣϯτͷ biΛʮେ୾͞ʯɼ vi
Λʮ෮़౓ʯͱͯ͠ɼͦΕͧΕ࿈ଓతͰ͋Δͱ͢Δɽm

Λॴ༩ͷूஂϺʹ͓͚Δ೚ҙͷ (ઓུΛม͑Δmutant)

ΤʔδΣϯτͱͯ͠ɼͦͷઓུΛͦΕͧΕ bm, vmͱ͢
ΔɽI ΛूஂΘͰͷΤʔδΣϯτmΛআ͍ͨΤʔδΣ
ϯτͷू߹ͱ͢Δɽ
͜ͷ͜ͱ͔Βɼeq(3)ٴͼ eq(4)͕ ESSঢ়ଶʹ͍Δ
ΤʔδΣϯτͷඞཁ৚݅ͱͳΔɽ

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

∂Exp(payoffm)

∂bm
=

∂Exp(payoffi)

∂bm
∀i ∈ I

OR

⎛

⎜⎜⎝bm = 1 AND
∂Exp(payoffm)

∂bm
≥

∂Exp(payoffi)

∂bm
∀i ∈ I

⎞

⎟⎟⎠

OR

⎛

⎜⎜⎝bm = 0 AND
∂Exp(payoffm)

∂bm
≤

∂Exp(payoffi)

∂bm
∀i ∈ I

⎞

⎟⎟⎠

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

∀m ∈ Θ

(3)

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

∂Exp(payoffm)

∂vm
=

∂Exp(payoffi)

∂vm
∀i ∈ I

OR

⎛

⎜⎜⎝vm = 1 AND
∂Exp(payoffm)

∂vm
≥

∂Exp(payoffi)

∂vm
∀i ∈ I

⎞

⎟⎟⎠

OR

⎛

⎜⎜⎝vm = 0 AND
∂Exp(payoffm)

∂vm
≤

∂Exp(payoffi)

∂vm
∀i ∈ I

⎞

⎟⎟⎠

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

∀m ∈ Θ

(4)

ͳ͓ɼbi͕φογϡߧۉͰ͋ΔͨΊͷඞཁ৚݅͸ɼҎ
Լͷͱ͓ΓͱͳΔɽ

⎧
⎪⎪⎨

⎪⎪⎩

∂Exp(payoffm)
∂bm

= 0

OR
(
bm = 1AND ∂Exp(payoffm)

∂bm
≥ 0

)

OR
(
bm = 0AND ∂Exp(payoffm)

∂bm
≤ 0

)

⎫
⎪⎪⎬

⎪⎪⎭
∀m ∈ Θ

(5)

Appendixʹ͓͍ͯɼeq(3)ٴͼ eq(3)͔ΒɼESSͷ
ඞཁ৚͕݅શͯͷΤʔδΣϯτ͕ಉ͡ઓུΛͭ࣋͜ͱ
Ͱ͋Γɼ

{
bi = 0, vi ̸= 0 ∀i
bi = 1, vi = 0 ∀i

͕ ESSͷඞཁ৚݅Ͱ͋Δ͜ͱ͕ূ໌͞ΕΔɽ

4 γϛϡϨʔγϣϯ

ஊ߹ͷ਺ཧϞσϧͷ෼ੳ݁Ռͱͯ͠ɼஊ߹͕੒ཱ͢
Δ bi = 0 ∀iͱஊ߹่͕յ͢Δ bi = 1 ∀iͷ૬൓͢Δೋ
ͭͷঢ়ଶ͕ ESSͰ͋Δ͜ͱ͕ಋग़͞Εͨɽ

͜͜Ͱ͸ɼγϛϡϨʔγϣϯΛ࣮ͯ͠ߦɼͲͪΒͷ
ESS͕ͲͷΑ͏ʹग़͢ݱΔͷ͔ɼ͋Δ͍͸ग़͠ݱͳ͍
ͷ͔ɼ࣮ࡍͷڍಈΛ͢ূݕΔɽ

4.1 γϛϡϨʔγϣϯڥ؀ͱιʔείʔυ

γϛϡϨʔγϣϯڥ؀͸ɼNetLogo1Λར༻ͨ͠ɽ
·ͣɼήʔϜͷجຊతͳྲྀΕ͸ɼgameʢϞσϧͷ࣮
-ʣɼevoluࢉܭʣɼcalcStandardDeviationʢඪ४ภࠩߦ

tionʢརಘʹΑΔ౫ଡͱઓུͷਐԽʣͰ͋Δɽ
ͦͯ͠ɼgame͸ɼdetect cooperateΛΤʔδΣϯτ
਺܁Γฦ͢΋ͷͱͳ͓ͬͯΓɼdetect cooperateͷιʔ
είʔυ͸ɼιʔείʔυ 1ͷͱ͓ΓͰ͋Δɽ

ιʔείʔυ 1: game

1

2 ;ཪ੾Δ͔ڠௐ͢Δ͔
3 to defect cooperate
4 ask turtles
5 [
6 ;֬཰B rateʹΑΓڠௐ͢Δ(ڠௐ͠ͳ͚Ε͹ཪ

੾Γʣ
7 ifelse random float 1 >= B rate [
8 ; ௐήڠ Ϝ
9 ௐλʔτϧͷϥϕϧ෇͚ڠ;

10 set label "cooperate"
11 ][
12 ; ཪ੾Γή Ϝ
13 ;ཪ੾Γλʔτϧͷϥϕϧ෇͚
14 set label "detect"
15 ]
16 ; རಘࢉܭ
17 ;ม਺’cooperate_turtles’ʹʢஊ߹ʣྗڠΤʔ

δΣϯτΛ୅ೖ
18 let cooperate turtles turtles with [label = "

cooperate"]
19 ;ม਺’defect_turtles’ʹཪ੾Γʢஊ߹ഁΓʣ

ΤʔδΣϯτΛ୅ೖ
20 let detect turtles turtles with [label = "detect"]
21 if any? cooperate turtles [
22 ;શһ ʢ͕ஊ߹ʣ͔ྗڠΛνΣοΫ
23 if count cooperate turtles = number [
24 ;શһʢஊ߹ʣྗڠͰ͋Ε͹ɼஊ߹རಘ

RΛΤʔδΣϯτͰ෼͚߹͏ɽ
25 ask parents [ set utility utility + (R / number

) ]
26 ]
27 if any? detect turtles [
28

29 ;ཪ੾ΓΤʔδΣϯτͷத͔Βɼམऀࡳ (উརऀ)Τʔδ
ΣϯτΛϥϯμϜʹܾఆͯ͠མऀࡳ͸རӹ
TΛಘΔ

30 ask one of detect turtles [ set utility utility +
T ]

31 ]
32 ask turtles[
33 ; ήൣن Ϝ
34 if label = "detect"[
35 let group j other parents
36 ;ࣗ෼Λturtle iʹ୅ೖ
37 let turtle i turtle who
38 ;ཪ੾Γൣنή Ϝ
39 norm game defection turtle i group j

1https://ccl.northwestern.edu/netlogo/
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40 ]
41 ]
42 end
43

44 to norm game defection [turtle i group j]
45 ; ཪ੾Γൣنή Ϝ
46 ask group j [
47 ͏ߦͷ௄േ֬཰VʹΑΓ௄േΛऀݟൃ;
48 ifelse V rate > random float 1 [
49 ask turtle i [set utility utility + P]
50 j’͸௄േίετ’ऀݟൃ; EΛෛ͏
51 set utility utility + E
52 ]
53
54 end

4.2 γϛϡϨʔγϣϯ݁Ռ

StrongCartels

100ճߦࢼͱ 10000ճߦࢼͷ݁ՌΛࣔ͢ɽ݁Ռͱ͠
ͯ͸ɼbi = 0, vi ̸= 0 ∀iͷ݁ՌͷΈ͕ग़͢ݱΔɽ

ਤ 3: StrongCartelsͰͷ 100ճߦࢼͷ݁Ռ

ਤ 4: StrongCartelsͰͷ 10000ճߦࢼͷ݁Ռ

5 ࡯ߟ

਺ཧϞσϧʹΑΔ෼ੳͰ͸ɼೋͭͷ ESSͷඞཁ৚݅
͕ಋग़͞ΕͨɽҰํͰɼಉ͡ϞσϧΛγϛϡϨʔγϣ
ϯͰ͢ূݕΔͱɼbi = 0, vi ̸= 0 ∀iͷΈ͕ग़͢ݱΔɽ
͜ͷݪҼ͸ɼESS ͷୈ 2 ඞཁ৚͕݅φογϡߧۉ
ͷඞཁ৚݅Λຬͨ͞ͳ͍ͨΊͰ͋Δɽvi = 0 ∀i ͷ৔
߹ʹ eq(5) ʹ͓͍ͯ bi = 1 ∀i ͕੒ཱ͢ΔͨΊͷ R

Λࢉఆ͢ΔͱɼAppendix ͷ eq(B.4) ΑΓɼR ≤ 0 =
T ∗ (n− 1)

n ∗ bi ∗ (1− bi)n−1
s.t. bi = 1 ∀iͱͳΓɼϞσϧͷલ

ఏ৚݅ͱͯ͠ R > 0Ͱ͋ΔͷͰɼbi = 1, vi = 0 ∀i͸ɼ
φογϡߧۉʹͳΒͳ͍ɽ
͕ͨͬͯ͠ɼஊ߹Ϟσϧͷ͏ͪ StrongCartelsʹ͓͍
ͯ͸ɼϝλൣنΛඞཁͱ͢Δ͜ͱͳ͘ɼஊ߹͕ൣنҡ
ΕΔ͜ͱͱͳΔ࣋͞

6 ·ͱΊ

ʹϞσϧΛԉ༻ͯ͠ஊ߹ϞσϧΛఏࣔ͢Δͱͱ΋ൣن
γϛϡϨʔγϣϯΛ࣮ͯ͠ߦɼStrongCartelsͰ͸ɼ௄
േͷଘࡏʹΑΓஊ߹͕༰қʹҡ࣋͞ΕΔ͜ͱΛࣔͨ͠ɽ
͸ɼWeakcartelsͷ৔߹ͷ෼ੳ͕ඞཁͱ͞ΕΔɽޙࠓ

Appendix A: ূ໌A

͢΂ͯͷΤʔδΣϯτ͕ಉ͡ઓུΛͱΔ͜ͱ͕ ESS

ͷඞཁ৚݅Ͱ͋Δ͜ͱΛূ໌͢Δɽ

Exp(Payoffi) = Exp(Payoffj)

∀i, j ∈ I(m /∈ I); ∀m ∈ Θ; ∀bm, vm
F = Exp(Payoffi)− Exp(Payoffj) = 0

∀i, j ∈ I; ∀m ∈ Θ; ∀bm, vm

F = T ∗ bi − bj

bm +
n∑

k=1
k ̸=m

bk

+E

⎛

⎜⎝vi

⎛

⎜⎝bm +
n∑

k=1
k ̸=i,m

bk

⎞

⎟⎠− vj

⎛

⎜⎝bm +
n∑

k=1
k ̸=j,m

bk

⎞

⎟⎠

⎞

⎟⎠

+P

⎛

⎜⎝bi

⎛

⎜⎝vm +
n∑

k=1
k ̸=i,m

vk

⎞

⎟⎠− bj

⎛

⎜⎝vm +
n∑

k=1
k ̸=j,m

vk

⎞

⎟⎠

⎞

⎟⎠

= 0 ∀i, j ∈ I; ∀m ∈ Θ; ∀bm, vm

͜͜ͰɼRʹؔ͢Δ߲͕ফ͑Δͷ͸ɼஊ߹ʢڠௐʣར
ಘ͸ɼશһ͕ڠௐ͢Δඞཁ͕͋ΔͨΊͰ͋Δɽ

∂F

∂vm
= 0 ∀i, j ∈ I; ∀m ∈ Θ; ∀bm ∈ (0, 1)

P

2
∗ (bi − bj) = 0 ∀i, j ∈ I; ∀m ∈ Θ; ∀bm ∈ (0, 1)

bi = bj ∀i, j ∈ I; ∀m ∈ Θ ⇒ bi = bj ∀i, j ∈ Θ

∂F

∂bm
= 0 ∀i, j ∈ I; ∀m ∈ Θ; ∀bm ∈ (0, 1)

−T ∗ bi − bj

(bm +
n∑

k=1
k ̸=m

bk)
2

+ E ∗ bm ∗ (vi − vj) = 0

∀i, j ∈ I; ∀m ∈ Θ; ∀bm ∈ (0, 1)

bi = bj ⇒
E ∗ bm ∗ (vi − vj) = 0 ∀i, j ∈ I; ∀m ∈ Θ; ∀bm ∈ (0, 1)

vi = vj ∀i, j ∈ I; ∀m ∈ Θ ⇒ vi = vj ∀i, j ∈ Θ
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͕ͨͬͯ͠ɼશͯͷΤʔδΣϯτ͕ಉ͡ઓུΛͭ࣋
͜ͱ͕ ESSͷඞཁ৚݅Ͱ͋Δ͜ͱ͕ূ໌͞Εͨɽ

Appendix B: ূ໌B

ΤʔδΣϯτͷ ESSͷඞཁ৚݅Ͱ͋ΔઓུΛಋग़͢
Δɽ

{eq(2)} ⇒

Exp(payoffi) = T ∗ bi

bi + bm +
n∑

j=1
j ̸=i,m

bj

+
R

n
∗ (1− bi) ∗ (1− bm) ∗

n∏

j=1
j ̸=i,m

(1− bj)

+E ∗ vi ∗ (bm +
n∑

j=1
j ̸=i,m

bj)

+P ∗ bi ∗ (vm +
n∑

j=1
j ̸=i,m

vj)

ҎԼͰ͸ɼbi = B vi = V ∀i ∈ Θͱ͓͘ɽ

∂Exp(payoffm)

∂bm
=

T ∗ (n− 1) ∗B
(n ∗B)2

−R

n
∗ (1−B)n−1 + (n− 1) ∗ V ∗ P i ̸= m

∂Exp(payoffi)

∂bm
= − T ∗B

(n ∗B)2

−R

n
∗ (1−B)n−1 + E ∗ V i ̸= m

∂Exp(payoffm)

∂vm
= E ∗ (n− 1) ∗B i ̸= m

∂Exp(payoffi)

∂vm
= P ∗B i ̸= m

(B.1)

(B.2)

∂Exp(payoffm)

∂bm

∣∣∣∣
B=0

= −R

n
+ (n− 1) ∗ V ∗ P

≤ −R

n
+ E ∗ V =

∂Exp(payoffi)

∂bm

∣∣∣∣
B=0

⇒ {eq(3)} ⇒ B = 0
∂Exp(payoffm)

∂vm

∣∣∣∣
B=0

= 0 = 0 =
∂Exp(payoffi)

∂vm

∣∣∣∣
B=0

⇒ {eq(4)} ⇒ V = ∀x(0 ≤ x ≤ 1) ⇒ {eq(B.4)} ⇒ V ̸= 0

∂Exp(payoffm)

∂vm

∣∣∣∣
B ̸=0

≤ ∂Exp(payoffi)

∂vm

∣∣∣∣
B ̸=0

⇒ {eq(4)} ⇒ V = 0

(B.3)

(B.4)

∂Exp(payoffm)

∂bm

∣∣∣∣
V=0

=
T ∗ (n− 1) ∗B

(n ∗B)2
− R

n
∗ (1−B)n−1

≥ − T ∗B
(n ∗B)2

− R

n
∗ (1−B)n−1

=
∂Exp(payoffi)

∂bm

∣∣∣∣
V=0

⇒ {eq(3)} ⇒ B = 1

͕ͨͬͯ͠ɼ
{
bi = 0, vi ̸= 0 ∀i
bi = 1, vi = 0 ∀i

͕ ESSͷඞཁ৚݅Ͱ͋Δ͜ͱ͕ূ໌͞Εͨɽ
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