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1. 総論 

1.1. はじめに 

≢│ ─ ╩ ∆╢ ≤ ─ ╩ ∆╢ ⌐ ⅜№╢

⅜№╡ ↓℮™∫√ ╩ ☺꜠fiⱴ ≤ ┬ ⱪ꜡☿☻╩ ▪ⱪ꜡כ

♅⌐╟∫≡ ⌐ ∆╢ ⱶכ◕≡⇔≥ ⅜№╢ ⱶכ◕ │ ─

≤⇔≡ ₁⌂ ─ ⌐ ↕╣≡⅔╡ ⌐ ≢ ™╠╣≡™╢

⌂≥⌐╙ ™╠╣≡™╢ ☺꜠fiⱴ

⌐⅔™≡ ⱶכ◕ ≢│ ─ ╩ ∆╢√╘⌐ ╙ ≤↕╣≡™

╢ ⅜ ⅝ ↕╣≡™╢ ≢ ≢│ ∏⇔╙ ⱶכ◕ ≢ ↕╣≡™

╢╟℮⌂ ─ ─╖╩ ∆╢╟℮⌂ │≤╠╣∏ ™⌐ ⇔№∫≡

⌐≤∫≡ ⌂ ⅜≤╠╣≡™╢ ⅜ ↕╣╢⅜ ⌐⅔™≡≥─╟℮⌐

⇔≡ ⅜ ⇔≡™╢─⅛≤™℮ ⌐ ⇔≡│™╕∞⌐ ⌐ ╕╣≡™╢  

ⱶכ◕╢↑⅔⌐ ─ ≤⇔≡ ⌐ ⌂─⅜ 1982 ⌐ Maynard Smith[1]

⌐╟∫≡ ↕╣√ ⱶכ◕ ≢№╢ ─ ─ │ Darwin ⌐╟╢ ─

─ ≈─ ⅛╠⌂╢≤ ↕╣≡™╢ │ ─◖Ⱨכ╩

⌐ ∆╢↓≤≢ ⌐ ─ ╩│⅛╢⅜ ∕─◖Ⱨכ│ ⌂╙─≢│⌂™√╘

⌐╟∫≡∕─ ⅛╠ ∆╢ ⅜ ∆╢ ∕╣╠ ─ ⌐│∕╣∙╣ ⅜№╡

∕─ ⌐╟╢ ⅜╕↕⌐ ╩ ╗ ↓─ ─ ╩ ♄▬♫Ⱶ◒☻≤⇔≡ ⅎ√

│ ↄ ∆╢⅜ ∕⇔≡∕─ ─ ≈⅜ ╢№≢ⱶכ◕ ⇔√≤⅔╡ ◕

ⱶכ ∕╣ ⌐ ≠ↄ ≤ ⌐⅔↑╢ │ ⇔⌂™↓≤⅜№╢⅜ ◕

ⱶכ ≢│ ─fi▫►כ♄ ⌐ ≠ↄ™ↄ≈⅛─ ╩ ∆╢↓≤≢ ─

♄▬♫Ⱶ◒☻╩℮╕ↄ ⇔≡™╢ ⱶכ◕ ─ │ ⱶכ◕ ≢ ↕╣

≡™√ ─₈ ₉╩ ∑∏≤╙ ╩ ≢⅝╢↓≤⌐№╢  

ⱶכ◕ ─ ≢╙ ↕╣≡™╢╙── 1 ≈≤⇔≡ ─☺꜠fiⱴ◕כⱶ

PDG Prisoner’s Dilemma Game ⌐⅔↑╢ ─ ⱷ◌♬☼ⱶ─ ⅜ →╠╣╢

Nowak [2]│ 2×2 ╩ⱶכ◕ ≤⇔√ ─ ⌐╟╡ │

≤™∫√ 5≈─ ⌐ ╢↓≤╩ ⇔√  

≢│ ⌐ ⱶכ◕ ⸗♦ꜟ⌐⅔↑╢Ⱡ♇♩꞉כ◒ ─ ⌐≈™≡ ⇔

≡™ↄ ≤ ≤─≈⌂⅜╡⅜ ⌐ ⇔≡™╢≤─ ⌐ ≈Ⱡ♇♩꞉כ◒
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≢│ ◦☻♥ⱶ∞↑≢⌂ↄ ◦☻♥ⱶ⌐⅔↑╢ ─ ╩ ∆╢ ⌂

⸗♦ꜟ≢№╢≤─ ─╙≤ ⌐ ↄ─ ⅜ ≢

╦╣≡⅝≡™╢ Ⱡ♇♩꞉כ◒ ╩ ⇔√ ⱶכ◕ Ⱡ♇♩꞉כ◕◒כⱶ ≢│

│♩fi▼☺כ◄ ⌐ C ⅛ ╡ D ⅛─ 2 ™∏╣⅛ Ⱡ♇♩꞉כ◒≢

↕╣√ ⱶכ◕≥≡ ⇔≡ ⱶכ◕ ⌐ ─ ⅛╠№╢ⱪ꜡♩◖ꜟ⌐ ∫

≡ C ╙⇔ↄ│ D ╩◖Ⱨכ∆╢↓≤≢ ╩ ℮ ♩fi▼☺כ◄ ─≈⌂⅜

╡╩ ∆╢ Ⱡ♇♩꞉כ◒╛ ⱪ꜡♩◖ꜟ ∕╣╠─ ╖ ╦∑│ ╒╓ ⌐

≢⅝╢√╘ ⇔√╟℮⌐↓╣╕≢ ↄ─⸗♦ꜟ ⅜ ╦╣≡⅝√╦↑∞⅜

↓╣╠─ ╩ ⌐ ⇔ Ⱡ♇♩꞉כ◒─ ♄▬♫Ⱶ◒☻ ─ ╩

⇔╟℮≤─ ╖⅜ ↕╣≡⅝≡™╢[3][4][5]  

Ⱡ♇♩꞉כ◒ ≤ ─ ╩ ∆╢ │ Ⱡ♇♩꞉כ◒╩ ⇔≡

℮↓≤⅜ ≢№╢ ≢ ≤ ≤─≈⌂⅜╡╩ ∆╢Ⱡ♇♩꞉כ◒│ ⌐

↕≡™╢╦↑≢│⌂ↄ ⌐ ⇔≡™ↄ╙─≢№╢≤™℮ ⅎ ⅜№╢[6][7] №╢ꜟ

⌐ꜟכ ∫≡Ⱡ♇♩꞉כ◒∕─╙─╙ ⌐ ⇔≡™ↄ ╩ ∆╢↓≤≢ ≢─

─ ⅜ ↕╣╢↓≤⅜╦⅛∫≡™╢ ≢│ ⌂Ⱡ♇♩꞉כ◒╩ ⇔√

⸗♦ꜟ╩ ™ ─ ⱷ◌♬☼ⱶ⌐≈™≡ ⇔ↄ ⇔≡™ↄ  

 ≤⇔≡│ C++╩ ™√ ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ╩ ⇔ ⱶכ◕ ╩

ⱬכ☻⌐↕╕↨╕⌂ ╩ ∆╢↓≤≢ ≥─╟℮⌂ ⅜ ─ ⌐ ⇔

╢─⅛╩ ⌐ ∆╢ ⱶכ◕ ╩╙≤≤⇔√↓─ ⸗♦ꜟ│ ≤ ≤─

ⱶכ◕╩ ─ ╩ ⇔≡ ╕≢ ⇔≡ ⇔√╙─≢№╢√╘

≤⇔≡ ─ ⌐ ∆╢ ╩ √⌂™ ≈╕╡ ⌐⅔↑╢№╠╝╢ ⌐

⇔≡ ה ─ ╩ ╘≡™╢≤™ⅎ╢ ≢│ ⌐ ∆╢ ₁─ ╩

ⱶכ◕ ⌐≡ ∆╢ ≢ ⱶכ◕ ⌐ ≠ↄ ⸗♦ꜟ∕─╙── ⌐

∆╢ ⌂ ⌐ ⅎ≡ ╙√╠↕╣√ ⅜ ⌐⅔™≡ ╩ ⇔≡™╢≤≤╠ⅎ

╢↓≤⅜≢⅝╢─⅛⌐≈™≡╙ ⇔≡™ↄ  

 

1.2. 本論の諸研究に至る背景 

─√╘⌐ ╩ ╢≤ ⅜ ∆╢ ☺꜠fiⱴ│

╩│∂╘ ₁⌂ ≢ ↕╣╢ ╛∕─ ─ ≢│ ⅜ ╩

╡ ╩ ∆╢↓≤≢ ☺꜠fiⱴ╩ ⇔≡™╢ ↓℮™∫√ ╩ ∆╢
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√╘ ⱶכ◕ ≢ ™╠╣╢ ♥fiⱪ꜠כ♩≤⇔≡│ ⌐ ═√ 2×2 2 2

⅜ⱶכ◕ ≢№╢ 2×2 2 2 │≢ⱶכ◕ ─ ≤ ─

∕╣⌐╟∫≡╙√╠↕╣╢ ⅔╟┘ ─ ─ ╩ ∆╢⸗♦ꜟ≢

№╢ 2×2 2 2 │≥ⱶכ◕ ⱶכ◕─ ─ ╖≤⇔≡ Ultimatum Game

ⱶכ◕ ⅜№╢ Ultimatum Game≢│ ╩ ℮ ╩ ♦⸗ⱶכ◕√⇔

ꜟ≢№╢ ─ ╩ ─ ⇔√ ≢ ↑ ™ ⅜ ↑ ╣╣┌

≢ ⅜ ∆╣┌ │ ≤⌂╡ ≤╙⌐ │ ╠╣⌂

™ ↓─ ╖≢│ ─╙≈ ─ ⌂ ⅔╟┘ ╩ ה ∆╢

⸗♦ꜟ≤⌂∫≡⅔╡ Güth╠[8]─ Ultimatum Game│ ╛ ─ ╢ ™

╩ ─ꜟכ♠─╘√╢∆ ≈≤⇔≡ ™╠╣≡⅝√ │ 2 ╩ ─↓≤

[9][10][11][12]  

≢│ ≢│ 2×2 2 2 ⌐ⱶכ◕ ⅎ≡ Ultimatum Game╩ ≤⇔

≡ ╡ →╢ ↓╣│ ᵑ ⌐⅔↑╢ ⌂ ╩ ≢⅝ ᵒ

╩ ∆╢⌐ ≢№╢ ⅜ⱶכ◕≢[14][13] ≢⅝╢≤─ ⌐╟╢

ⅎ≡ │≡⇔≥ⱶכ◕ ⌂╢ ╖≢№╢ 2×2 2 2 ╩ⱶכ◕ ™≡ ↕╣

≡⅝√ ⅜ Ultimatum Game⌐ ⇔≡╙ ≢№╢─⅛╩ ∆╢↓≤≢ כ◕

ⱶ ─ ╩ ⇔ √⌂ ╩ √™≤™℮ ⅜№╢ Ultimatum Game─ ╖

╩ ™╢↓≤≢ ⅜ ∟℮╢ ─ ╩ ≢⅝╢↓≤⅛╠ ⌂▪ⱪ꜡כ

♅≤ ▪ⱪ꜡כ♅ ≢─ ⅜ ╪⌐⅔↓⌂╦╣≡™╢[15][16][17][18][19][20][21]

Ultimatum Game ⌐⅔™≡ ⌐ ™ │ ─ ⅜ ↕╣≡™╢ Well-

mixed─ ⌐⅔™≡│ ⌂╪≤│♩fi▼☺כ◄│⌐ ↕⌂○ⱨ□כ≢╙ ↑ ╣

⌐│ ─○ⱨ□כ╩ ℮≤™℮─⅜ ⌂ ≤⇔≡ ⅝ ↕╣≡™╢ ≢

╛ ─ ⌐ ≠ↄ≤ ⌐│ 50%─ ≢─ ╩○ⱨ□כ⇔ ⌐│

ↄ─ ⅜ ™⌐╙⅛⅛╦╠∏ 30% ─ ≢─ ○ⱨ□כ│ ∆╢≤™℮

⌂ ╩ ⅜≤╢ ≤™℮↓≤⅜╦⅛∫≡™╢ ≢№╢ ─ ≢│ Reputation

⅛╠─ ◖☻♩≤ ≤™∫√ ⌐ ⅎ≡ Ⱡ♇♩꞉כ◒

⌐ ╟ ╢ ─ ─ ⅛ ╠ ─ ╙ ╖ ╠ ╣ ≡ ™ ╢

[22][23][24][25][26][27][28][29][30][31] ≢│ Ultimatum Game⌐⅔↑╢ ⌂

⌐ ⅎ ◓ꜝⱨ ─Ⱡ♇♩꞉כ◕◒כⱶ⌐ 2×2 2 2 ≢ⱶכ◕

⅜ ╪⌐⅔↓⌂╦╣≡⅝≡™╢ Game Exit Option[21]╩ ⇔√Ⱡ♇♩꞉כ◒ ─
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≤Ⱡ♇♩꞉כ◒─ ╩ ∆╢↓≤≢ ─ ─ ╩ ╖╢ Ⱡ♇♩꞉

⅜◒כ ⌐ ∆╢ ⌐╟∫≡ ─ ╩ ∆╢ │™ↄ≈⅛№╢⅜

[32][33][34][35] ≤⇔≡ ⌂Ⱡ♇♩꞉כ◒ ─ ╩ ≠↑╢Ⱡ♇♩꞉כ◒ ꜟ

─ꜟכ ≤ ─ ⌐⅔↑╢ ⌐│↕╠⌂╢ ─ ⅜№╢ ≢│

Ⱡ♇♩꞉כ◒─ ╩ꜟכꜟ ⇔ 2×2 2 2 ≢ⱶכ◕ ╠╣≡™╢ ╩

╖ ╦∑ ─ ⌐≈⌂⅜╢Ⱡ♇♩꞉כ◒ ╩ ∆╢  

2×2 2 2 ≡∫╟⌐ⱶכ◕ ↕╣╢ ☺꜠fiⱴ │ №╢ │ 2

2×2 2 2 ─ⱶ⌐╟∫≡☺꜠fiⱴכ◕ ╩ ╖╢▪ⱪ꜡כ♅≤⇔

≡│ ≈─☺꜠fiⱴ◒ꜝ☻╩ ⇔ ☺꜠fiⱴ─ ⌐≈⌂⅜╢≤ ╦╣╢ⱷ◌♬☼ⱶ╩

⇔≡ ─ ╩ ⇔≡™ↄ≤™℮ ╩≤╢ ☺꜠fiⱴ ─√╘─▪ⱪ꜡כ♅≤

⇔≡│ ⌐ ═√Ⱡ♇♩꞉כ◒ ─ ™⌐╟╢ ╛[36][37] ⌐╟╢ ™

[38][38][39][40][41][42][43][44][45][46][47][48][49][50][51]╩ ∆╢↓≤⅜ ≢№╢ ↓

℮™∫√ ─ ⌐│ ─☺꜠fiⱴ◕כⱶ⅜ ─☺꜠fiⱴ◒ꜝ☻≤⇔≡ ┌╣╢↓

≤⅜ ™ ∕─ ≤⇔≡│ ─☺꜠fiⱴ≤™℮ ☺꜠fiⱴ│ ⌐⅔↑╢ⱦ☺

Ⱡ☻ ╛ ≤™∫√╙─⌐ ╩ ⇔╛∆™⅛╠≢№╢ ≢ ╙℮

≈─ ⌂ ☺꜠fiⱴ◒ꜝ☻╩ ∆╢╙─≤⇔≡ Snow Drift (╙⇔ↄ│ Chicken ♅◐fi) 

Game⅜№╢[52] ♅◐fi◕כⱶ│ ╢╟⌐♩כ꜠◌☻◄─ ─ ╛ ⌐

⅔↑╢ ≤™∫√ ╩ ⇔√☺꜠fiⱴ◒ꜝ☻≢№╢≤™℮↓≤⅜≢⅝╢∞╤℮

♅◐fi◕כⱶ⌐⅔™≡│ ⅜╗⅝⌐⌂∫≡ ╩≤╡ ↑√ ⌐≤

∫≡ ╙ ™ ≤⌂╢ ≥∟╠⅛ ⅜ ⇔√ ⇔√

─ ╠╣╢ │ ╠╣╢╙── ╩ ∟ ∫√ │

╘≡ ⅝⌂ ╩ ╠╣╢ ↓℮™∫√ ≢│ ─☺꜠fiⱴ◕כⱶ⌐⅔™≡│

⌂ ≢№∫√ ™⌐ ⇔№℮ ╟╡╙ ⌐ ≤ ╩ ╡ ℮ ⅜

≤⇔≡ √≤⅝⌐ ⌐ ⅝⌂ ╩ ╠╣╢↓≤⅜№╢ ↓╣╩ ─☺꜠fiⱴ

⌐⅔↑╢ R [53][54]⌐ ⇔≡ ♅◐fi◕כⱶ⌐⅔↑╢ ST ≤ ┬↓≤≤∆╢ ↓─╟

℮⌐ ☺꜠fiⱴ◒ꜝ☻⌐╟∫≡ ⌐≤∫≡ ╕⇔™ ─ │ ⌂∫≡ↄ╢ ⌂╢

☺꜠fiⱴ◒ꜝ☻⌐⅔↑╢ ⌂☺꜠fiⱴ ⱷ◌♬☼ⱶ≤™℮ ≢─ │№╕╡ ╦

╣≡⅝≡™⌂™↓≤⅛╠[55] ≢│ 5 ≈─ ─ ≈≢№╢ [56]╩Ⱡ♇♩

꞉כ◕◒כⱶ⸗♦ꜟ⌐ ╖ ╗↓≤≢ ⌂╢☺꜠fiⱴ◒ꜝ☻⌐⅔™≡∕╣∙╣ ╕⇔™

╩ ⌐╙√╠∑╢╟℮⌂ ─ ╩ ╖╢ ⌐⅔™≡ ↕╣╢☺꜠
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fiⱴ◒ꜝ☻│ ─ ⌐ ═√╟℮⌐ ≈≤│ ╠⌂™ ─☺꜠fiⱴ◒ꜝ☻⌐ ∆╢

╩ ∫√ꜚ♬Ᵽכ◘ꜟ⌂ ╩ ∆╢↓≤⌐│ ⌐⅔↑╢ ⱷ◌♬☼ⱶ

─ ≤⇔≡ ⅜№╢≤ ⅎ╢  

2×2 2 2 ≡™⅔⌐ⱶכ◕ ⌐ ↕╣╢ꜝfi♄ⱶ

⅜ ─ ⌐ ⇔≡™╢≤─ ⅜№╢[57] ─ ╖─╟℮⌐ ⌐ ╕√

│ ╡ ╩≤╡ ↑╢─≢│⌂ↄ ─ ∆╢ ⌐ ≠⅝ ⌐ ╕

√│ ╩ ∆╢ ⸗♦ꜟ[58]≢│ ─ │ ⌂ ⸗♦ꜟ≤ ⅝

ↄ ⌂╢╙─≢№╢↓≤⅜╦⅛∫≡™╢ ⅜ ─ ⌐ ∆╢≤™℮ │

≢ꜟ♦⸗ⱶכ◕ ∆╢ Ⱡ♇♩꞉כ◒╛ ⌐ꜟכꜟ ↕╣╢ ⌐

∆╢ ⅛╠╙ ⅜№╢↓≤⅜ ⅝ ↕╣≡™╢[59][60][61][62][63][64] ≢│

⸗♦ꜟ⌐╟╢ ─ ⌂ ה ╠⅞≤™∫√ ⅜ ⸗♦ꜟ ≢≥

─╟℮⌐ ⇔ ─ ⌐ ⇔≡™╢⅛╩ ⌐ ∆╢ ╕√ │ ⸗♦

ꜟ≤ ⸗♦ꜟ│ ⌐ ─ ≤⇔≡ ⅎ╠╣≡™√⅜ ≢│

⸗♦ꜟ≤ ⸗♦ꜟ╩ ⌐ ≢⅝╢ ≤™℮ ╩ √⌐ ⇔

─ ≤ ⌂ ─ ≤™ⅎ╢ ─ ╩ ⌐∆╢↓≤⌐╟∫

≡ ─♩fi▼☺כ◄╢╟⌐ꜟ♦⸗ ╢ ™⅜ ⌐ ∆╢ⱷ◌♬☼ⱶ

─ ⌂ ╩ ╖╢  

Ultimatum Game ≢ ⇔≡™╢ Ⱡ♇♩꞉כ◒⌐ ⇔≡│ 2×2 2 2 ⱶכ◕

⌐⅔↑╢ ≢╙ ╪⌐ ⅜ ╦╣≡™╢ Ⱡ♇♩꞉כ◒─ ⅎ │ №╡

⌂ ⅎ ≤⇔≡Ⱡ♇♩꞉כꜟ╢№╩◒כꜟ⌐ ∫≡ ≤≤╙⌐ ↕∑≡™ↄ ⸗

♦ꜟ⅜№╢[65][66][67][68][69][70][71] ⌐│ Ⱡ♇♩꞉כ◒ ⌐№ⅎ≡ ╩ ↑≡⅔

⅝ ⌐ꜟכꜟ⅜♩fi▼☺כ◄ ∫≡ ╩ ⇔≡™ↄ Mobility ⸗♦ꜟ

[72][73][74][75][76]╛ ≤≈⌂⅜╡╩ ≈ ─≥♩fi▼☺כ◄ ╩ ↕∑╢↓≤

≢Ⱡ♇♩꞉כ◒ ⅜ ⇔≡™ↄ Ⱡ♇♩꞉[79][78][77]ꜟ♦⸗◒כ ─Ⱡ♇♩

꞉כ◒♃▬ⱪ╩ ⌐ ∆╢ Interdependent Network Model[80][81][82] ⅜№╢ ↓℮™∫√

│ ⌐ ⸗♦ꜟ╩ ™≡ ╦╣≡⅝√ ≢│ ⸗♦ꜟ⌐⅔

↑╢ Ⱡ♇♩꞉כ◒╩ ∆╢↓≤≢ ⱷ◌♬☼ⱶ⌐ ⇔≡ √⌂▪ⱪ꜡

╢╟⌐♅כ ╩ ╖╢ ⸗♦ꜟ⌐⅔™≡│ ≢№╢ ╩ ⅛⇔≡

─ ⸗♦ꜟ≢│ ≢⅝⌂™╟℮⌂ ⌂Ⱡ♇♩꞉כ◒ ╩ꜟכꜟ ≢⅝╢√

╘ ⱷ◌♬☼ⱶ⌐ ∆╢ √⌂ ─ ⅜ ≢⅝╢  
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≢│ ≢ ⇔√╟℮⌐ ─↕╠⌂╢ ⅔╟┘ √⌂ ╩ ∫≡

⌐ ⱶכ◕ ⸗♦ꜟ╩ ∆╢↓≤≢ ⸗♦ꜟ∕─╙─⌐ ∆╢ ╩╟╡

™╙─≤⇔ √⌂ ─ ╩ ∆╢↓≤⌐╟∫≡ ⱶכ◕ ─

⌐ ∆╢↓≤╩ ≤∆╢  

 

1.3. 論文構成 

2 ≢│ ─ ⱨ꜠כⱶ꞉כ◕≡⇔≥◒כⱶ ─ ⱶכ◕

⌐ ™╠╣╢ 2×2 2 2 ┘╟⅔ⱶכ◕ Ultimatum Game ⱶכ◕ ≤

⌐ ∆╢ ╖≤ ─ ≤⌂╢Ⱡ♇♩꞉כ◒ ≤ Ⱡ♇♩꞉כ◒⌐ ⇔≡

∆╢ 3 ≢│ ⱶכ◕ Ultimatum Game ⌐⅔™≡ Ⱡ♇♩꞉כ◒╩ ⇔

─♩fi▼☺כ◄ ∆╢ ⌐ ≠ↄ™ↄ≈⅛─Ⱡ♇♩꞉כ◒ ⱪ꜡♩◖ꜟ╩ ∆

╢ Ⱡ♇♩꞉כ◒ ⱪ꜡♩◖ꜟ⌐⅔↑╢Ⱡ♇♩꞉כ◒⅔╟┘ ─ ─ ╩

∆╢ ╕√ ○ⱨ□כ⌐ ∆╢ ╩ ⇔ ↓℮™∫√ ⅜ ─ ┘

─ⱷ◌♬☼ⱶ⌐ ⇔≡≥─╟℮⌐ ∆╢─⅛ ╩ ℮ 4 ≢│ Ⱡ♇♩꞉

◒כ ⌐ ⅎ≡ ╢↑⅔⌐ⱶכ◕ ─ ╩ ∆╢ ≢

↕╣√ ╩ ∆╢↓≤⌐╟∫≡ ─☺꜠fiⱴ ≢│ R ♅◐fi◕כⱶ ≢│

ST ≤™∫√ ☺꜠fiⱴ◒ꜝ☻⌐⅔™≡ ≤⇔≡ ╙ ╕⇔™ ─ ╩

≢⅝╢↓≤╩ ∆╢ 5 ≢│ ⸗♦ꜟ⌐⅔↑╢ ꜟכꜟ ◦fi◒꜡

╙⇔ↄ│▪◦fi◒꜡ ≤Ⱡ♇♩꞉כ◒─ ─ ╖ ╦∑╩ ∆╢ ≢

⌐╟∫≡ ה ☺꜠fiⱴ ⌐⅔™≡╙ ⅜ ∆╢ⱷ◌♬☼ⱶ⌐≈™≡ ∆╢

6 ≢│ ╢↑⅔⌐ⱶכ◕ ╩ ∆╢↓≤≢ ≤

╩ ⌐ ⇔ ⌐ ↕╣╢ ⅜ ─ ⌐ ⅎ≡™╢ ⌐

⇔≡ ∆╢ ≢│ ⸗♦ꜟ╩ ™ ─ ─♩fi▼☺כ◄╩

≤ ⇔ ⌂ ⅜╡ ≤ ∆╢ ╩╙≈ ≤─ ⅜╡ ╩ ∆╢

Ⱡ♇♩꞉כ◒ ╢╟⌐ꜟכꜟ ─ ─♄▬♫Ⱶ◒☻⌐≈™≡ ═╢ 3 ⅛╠ 7

╕≢─ ─ ╩ 1.3.1⌐ ∆ ⌐ 8 ⌐≡╕≤╘≤ ╩ ═╢  
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1.3.1 ⌐⅔↑╢ ≤ ⱴ♩ꜞ♇◒☻ 
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2. 進化ゲーム理論 

2.1. ゲーム理論 

ⱶכ◕ ≢│ ─ ⅜ ∆╢ ≢ ≢│⌂ↄ ⌂ ≢

⌐ ╩ ∆╢ ╩ⱶכ◕ ⅎ╢ ≢│↓─ ♩fi▼☺כ◄╩ i fi▼☺כ◄

♩─ ╢ ─ ≤⌂╢╙─╩ Si≤ ┬ ╢№≡™⅔⌐ⱶכ◕│♩fi▼☺כ◄ ╩

╢↓≤≢ ⅛⇔╠─ ╩ ╢⅜ ↓─ ╩ ≤ ┬ ⱶכ◕ ⌐⅔↑╢ │◄

♩fi▼☺כ ─ ⌐╟∫≡∕╣∙╣⌐╙√╠↕╣╢ ⌂

╩ ≢ ⇔√╙─≢№╢ ─≡™⅔⌐ⱶכ◕ ⌂ ≤│ ↓─ ╩

⌐∆╢╟℮⌐ ╩ ╢↓≤⌐ ∆╢[1]  

⌐│ ⅝ↄ╦↑≡ ≤ ⅜№╢ │ ─ ≈ ≈╩ ⇔

│ ∕─ ╩≥℮ ╢⅛╩ ∆╢ ∂╚╪↑╪╩ ⌐≤╣┌ כ◓ ♅ꜛ◐

Ᵽכ─ ₁⅜ ≢№╡ ∕╣╩ ≡ 1/3─ ≢ ∆↓≤⅜ ⌐ ∆╢  

⌐│ ─♩fi▼☺כ◄╢∆ │ ™╢↓≤╙ ⅎ╠╣╢⅜ ─ⱶכ◕

│ ⌐ ≢№╢↓≤⅜ ™ ♩fi▼☺כ◄≢↓↓ ─ ⅜

S1
1,S1

2,…S1
m─ m ♩fi▼☺כ◄ 2 ─ ⅜ S2

1,S2
2,…S2

n─ n ─ ╩ m×n◕כ

ⱶ≤™℮ ↓─ ⅔ ™─ ╢ ─ ╖ ╦∑⌐╟∫≡ ╕╢ ╩ 2.1 ─╟℮⌐

m×n ⌐ ∆↓≤⅜ ╢  

 

    2 

1 

S2
1 S2

2 … S2
n 

S1
1 u1

11, u2
11 u1

12, u2
12 … u1

1n, u2
1n 

S1
2 u1

21, u2
21 u1

22, u2
22 … u1

2n, u2
2n 

   …  

S1
m u1

m1, u2
m1 u1

m2, u2
m2 … u1

mn, u2
mn 

2.1  m×n◕כⱶ─  

 

⌐ ─ ╩ ╘╟℮≤∆╢≤⅝ ─ ⌐╟∫≡ ─ ≈╕╡

╩ ⌐∆╢ │ ⌂╢⇔ ╙∕─ ⌐ ⅛╣≡™╢ ↓↓≢ ⅜₈№

╢ ₉╩≤∫≡™╢≤⅝─ ─ ⌐⅔™≡ ⌐≤∫≡─ ⅜₈№╢
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₉≢№╢≤⅝ ↓╣╩♫♇◦ꜙ ≤ ℮ ↓─♫♇◦ꜙ ⌐ⱶכ◕⌂℮╟─≤│ ™≡

╙ ∏ ∆╢⅜ ∏⇔╙ ≈≤│ ╠⌂™ 2-2 ⌐№╢ 3×3 ꜙ◦♇♫╢↑⅔⌐ⱶכ◕

─ ╩ ⇔√  

 

  2 

1 

S2
1 S2

2 S2
3 

S1
1 4,4 3,1 2,3 

S1
2 1,3 2,2 4,2 

S1
3 3,2 2,4 5,5 

2.2 ≢─♫♇◦ꜙ  

 

≢ ⇔√ ⅜∕╣∙╣─ ─ ⌐ ⇔≡─ ╩ ⇔≡™╢ ↓─ ╩

⇔ↄ ≡╖╢ ⅎ┌ ⌐ ⅜ S2
1─ ╩≤╢≤ ∆╢ ∕─ │ S1

1╩≤╢↓

≤⅜ ≢№╢ ↓─↓≤│ ⌐╙ ⅎ╢√╘ S1
1 S2

1─ ╖ ╦∑│♫♇◦ꜙ ≢№

╢ ⌐ ⅜ S2
2─ ╩≤╢ ╩ ⅎ╢ ↓─ │ S1

1╩ ≤╢↓≤⅜ ≢№

╢⅜ ⅛╠∆╢≤↓─ S1
1╩ ╢ S2

2╩≤╢↓≤│ ≢│⌂™ ↓─╟℮⌐ ⅎ╢

≤ ♫♇◦ꜙ ≢№╢√╘⌐│ Ⱪ꜡♇◒≢ ≤╙ ≤⌂∫≡™╢ ≢№╢↓≤

⅜╦⅛╢ ╟∫≡↓─ │ S1
3 S2

3─ ╖ ╦∑╙♫♇◦ꜙ ≢№╢  

2.2╩ ⌐ ⇔ↄ ≡╖╢ ⌐≤∫≡ ⌂ │ ⅔ ™⅜ 5─ ╩ →╢↓

≤⅜ ╢ S1
3 S2

3─ ╖ ╦∑≢№╢ ⌐ ≡∫≥⌐♩fi▼☺כ◄ A ─ ⅜

B╟╡ ╕⇔™≤⅝ A│ B╟╡Ɽ꜠כ♩ ≢№╢≤™℮ ⌐ A⅜ ≡─ ⌐⅔™

≡ ─ ≢№╢≤⅝ A │Ɽ꜠כ♩ ≢№╢≤™™ ↓─ ≢│╕↕⌐ S1
3 S2

3─ ╖

╦∑⅜Ɽ꜠כ♩ ≢№╢ ⇔⅛⇔↓─ ≢│↓─ ╖ ╦∑ ⌐╙♫♇◦ꜙ ⅜

⇔≡™╢ ↓─╟℮⌐ Ɽ꜠כ♩ ⌐╙ ╩ ≈ ╩ ⱶ≢│☺꜠fiכ◕

ⱴ≤™℮  

 

2.2. 2 x 2 ゲーム 

m×n ≡™⅔⌐ⱶכ◕ m=2 n=2 ≢№╡ ↕╠⌐ ⅜ ∂≢№╢ ╩ 2×2 ™≥ⱶכ◕

℮ ⱶכ◕ ≢│ ─♩fi▼☺כ◄⌐ ╡ ╢ ─ ╩ ≤ ╡

─ ⌐ ∆╢ ─♩fi▼☺כ◄│≢ │ ╕√│ ╡─
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≢№╢≤∆╢ ↓─ ─ ─ ╩ ⇔√ ╩ 2.3⌐ ∆ ⌂⅔

─ C D│ ₁Cooperation Defection─ ╩ ∆  

 

 C D 

C R,R S,T 

D T,S P,P 

─ⱶכ◕2×2 2.3  

 

↓↓≢ R│ Reward S│ Sucker T│ Temptation P│ Punishment─ ╩ ₁ ⇔≡™

╢ ⅜ ∂ ⌐™╢ │ ⅜ ⌐⌂╢√╘⌐ 2.4─╟℮⌐ ⌐ ∆↓

≤⅜≢⅝╢  

 

 C D 

C R S 

D T P 

2-4 ⇔√ ─ⱶכ◕2×2  

 

≢│↓─╟℮⌂ ╩⇔√ │ ╩ⱶכ◕ ⇔≡™╢╙─≤∆╢  

 

2.3. 進化ゲーム 

2.3.1. 進化論 

─ ─ │ Darwin ⌐╟╢ ─ ─ ≈─ ⅛

╠⌂╢≤ ↕╣≡™╢ ╩ ∆╢≤ │ ─◖Ⱨכ╩ ⌐ ∆╢↓≤≢

⌐ ─ ╩│⅛╢⅜ ∕─◖Ⱨכ│ ⌂╙─≢│⌂™√╘ ⌐╟∫≡∕─ ⅛

╠ ∆╢ ⅜ ∆╢ ∕╣╠ ─ ⌐│∕╣∙╣ ⅜№╡ ∕─ ⌐╟╢ ⅜

╕↕⌐ ╩ ╗ ≤─ ≢№╢ ↓─ ─ │ ─ ⌐ ⌂╠∏ ↓╣╩

♄▬♫Ⱶ◒☻≤⇔≡ ⅎ√ │ ↄ ∆╢ ∕⇔≡∕─ ─ ≈⅜ ≢ⱶכ◕

№╢   

2.3.2. ゲーム理論の進化への適用 

ⱶכ◕ ╩ⱶכ◕≡™⅔⌐ ♩fi▼☺כ◄│─╢™≡⇔ ─╖≢№╢ ↓─
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℮∟ │♩fi▼☺כ◄ ╩ ∆╢ ⌐ ∆╢ ╢│ ≤ ∞⅜ ↓╣╠│

╩ ∆╢─⅛ ⌐⅔↑╢ ⱶכ◕∟℮─ ≢ ≢⅝╢─│ ≢№╢≤

ⅎ╢─⅜ ≢№╢ ≤∆╣┌ ⌐╟╢ ─ ⅜ ╢↑⅔⌐ⱶכ◕─

⌐╟∫≡ ╘╠╣╢≤ ⅎ╠╣╢ ↓↓≢ ⌐ ∆╢ ⌐⅔™≡⇔┌⇔┌ ─

≤⇔≡│ ⌂ↄ≤╙ ⇔≡™ⅎ╢─⅜₈ ⅎ╛∆™╙─│ ⅎ╢₉≤™℮ ≢№╢ ╟

∫≡ ⅜ ⌂ ─ ⌐ ∆╢ ⱶכ◕√╕ ≢│ №╢ ⌐⅔↑╢

╩ ≤⇔√⅜ ⌐⅔↑╢ ≡∫≥⌐♩fi▼☺כ◄│ ≢№╢↓≤⅛╠

⅜╣∙╣⧵♩fi▼☺כ◄│ ╕╣⌂⅜╠⌐⇔≡ ⇔≡™╢╙─ ⅎ┌ ╛ ⌐

∆╢≤⇔ │ ⅎ⌂™[1][83]  

 

2.4. ネットワーク互恵 

2.4.1. 複雑ネットワーク 

Ⱡ♇♩꞉כ◒≤™℮ │ ⱡכ♪≤∕╣╩ ←ꜞfi◒⅜ ∆╢ ╩ ≈╙

─ ⌐ ╦╣≡™╢ ⅎ┌↓╣╠⌐│Ᵽ☻╛ ─╟℮⌂ ─ ⌂≥

╩ ≈╙─⅛╠ ►▼Ⱪ◘▬♩╛ ⌂≥ ╩ ∆╙─⌐╙ ™╠

╣╢ ↓℮™∫√ ╩Ⱡ♇♩꞉כ◒≤ ℮⌂╠┌ ╒╓ ≡─╙─⌐│Ⱡ♇♩꞉כ

◒ ⅜ ∆╢↓≤⌐⌂╢[84] ≢│ SNS ─≢▪▫♦ⱷꜟꜗ◦כ♁─ ⱷ◌

♬☼ⱶ ─ ⌂◄Ⱡꜟ◑כ◓ꜞ♇♪ ⌐ ⇔≡╙Ⱡ♇♩꞉כ◒ ╩

⇔√ ⌐╟╢ ⅜ ╦╣≡™╢  

↓─Ⱡ♇♩꞉כ◒≤™℮ ─ⱬכ☻≤⌂╢◓ꜝⱨ ≤ ┌╣╢ ─ ─ │

ↄ 18 ╕≢ ╢⅜ ┘ ╪⌐ ⅜ ╦╣╢╟℮⌐⌂∫≡⅝≡™╢ ↑ ≤⌂

∫√─│ Erdos≤ Renyi [85]⌐╟╢ꜝfi♄ⱶ◓ꜝⱨ≤Watts≤ Strogatz[86]⌐╟╢☻⸗כꜟ꞉כ

ꜟ♪─ ⌂≥⅜№╢  

Ⱡ♇♩꞉כ◒│ ∕─╙─≤⇔≡╙ ⌐ ™ ⌐ ╛ ≢ ℮

⌂≥⌐╙ ≢⅝╢√╘ Ⱡ♇♩꞉כ◒╩ ⇔ↄ ∆╢∞↑≢ ⌂ ⌐⌂╢

⇔⅛⇔ │Ⱡ♇♩꞉כ◒∕─╙─⅜ ≢│⌂™√╘ ↓↓≢│ ≢╙ ≤ ╦

╣╢Ⱡ♇♩꞉כ◒Ɽꜝⱷכ♃כ≤◓ꜝⱨ╩ ∆╢↓≤⌐ ╘╢  
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2.5. ネットワークパラメーター 

2.5.1. ノード数 

ⱡכ♪ │╕↕⌐ ╪≢ ─↔≤ↄⱠ♇♩꞉כ◒╩ ∆╢ ─ⱡכ♪─ ╩ ⇔

N ≢ ∆ Ⱡ♇♩꞉כ◒─ ╩ 2.3 ⌐ ⇔√⅜↓─ ≢│ N = 10 ≤⌂╢

 

2.5.2. 次数（リンク数） 

≤│ꜞfi◒ ≤ ∂ ≢ ⅜∫≡™╢ⱡכ♪─ ≢№╡ k≢ ∆ 2.3─

ⱡכ♪ ≢│ k=2≢№╢  

╕√ ⅜ ⌐ ≈─ⱡכ♪≤ ⅜∫≡™╢⅛╩ ⇔√╙─╩ ≤™™ 

< 𝑘𝑘 >= ∑ 𝑘𝑘𝑖𝑖𝑁𝑁
𝑖𝑖=1
𝑁𝑁

  (2.5.1) 

≢ ↕╣╢ 2.3≢│<k>=3.4≤⌂╢   

⌐ ─ p(k)={p(1), p(2), …}╩ ⅎ╢ K╩ ≤∆╢≤  

∑ 𝑝𝑝(𝑘𝑘)𝐾𝐾
𝑘𝑘=1 = 1  (2.5.2) 

⅜ ⇔≡™╢ 2.3─ ─ ╩ 2.4⌐ ⇔√  

 

 

 

 

 

2.3 Ⱡ♇♩꞉כ◒─  
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⌐ ⌐ ∆╢Ɽꜝⱷכ♃כ≢ 2002 Newman[87]─ ⌐╟╡ ↕╣╢╟℮⌐⌂∫

√╙─⌐ ⅜№╢ ↓╣│ ⅜∫≡™╢ⱡכ♪ ─ ─ ╩ ∆Ɽꜝⱷכ♃כr

≢ ↕╣╢ ╕∏ꜞfi◒≢ ⅜∫≡™╢ⱡכ♪ ⅜ ∕─ꜞfi◒ ⌐№≤ ꜞfi◒╩

⇔≡™╢⅛╩ ⅎ╢ ↓╣╩ ≤ ┬↓≤⌐∆╢ ↓─ │ⱡכ♪⅜

⇔≡™╢ ╟╡ 1 ⌂™√╘ ⅜(k+1)p(k+1)≤ ≢№╢ ╟∫≡ⱡכⱴꜝ▬

☼⇔√ q(k)│ p(k)╩ ™≡ 

𝑞𝑞(𝑘𝑘) = (𝑘𝑘+1)𝑝𝑝(𝑘𝑘)
∑ 𝑗𝑗𝑗𝑗(𝑗𝑗)𝑗𝑗

  (2.5.3) 

≤ ↕╣╢ ⌐ꜞfi◒≢ ⅜∫≡™╢ⱡכ♪─ ─ ╩ ejk ≢ ∆╢

↓↓≢ j≤ k⌐│ ⅜ √╣╢√╘ ejk=ekj⅜ ╡ ≈ ↓─ ejk│ ─ ╩ √∆  

∑ ∑ 𝑒𝑒𝑗𝑗𝑗𝑗𝑘𝑘 = 1𝑗𝑗   (2.5.4) 

∑ 𝑒𝑒𝑗𝑗𝑗𝑗 = 𝑞𝑞(𝑘𝑘)𝑗𝑗    (2.5.5) 

↓↓≢ ─ ⌐ ⅜⌂↑╣┌ ekf=q(j)q(k)≤⌂╢⅜ ⅜№╣┌∕℮│⌂╠⌂™

╟∫≡↓─ ╩∑ ∑ 𝑗𝑗𝑗𝑗(𝑒𝑒𝑗𝑗𝑗𝑗 − 𝑞𝑞(𝑗𝑗)𝑞𝑞(𝑘𝑘)𝑘𝑘𝑗𝑗 ≤⇔ ↓╣╩ⱡכⱴꜝ▬☼⇔√ 

𝑟𝑟 = 1
𝜎𝜎𝑞𝑞2
∑ ∑ 𝑗𝑗𝑗𝑗(𝑒𝑒𝑗𝑗𝑗𝑗 − 𝑞𝑞(𝑗𝑗)𝑞𝑞(𝑘𝑘)𝑘𝑘𝑗𝑗    (2.5.6) 

╩ ≤ ∆╢ ↓↓≢ 

𝜎𝜎2 = ∑ 𝑘𝑘2𝑞𝑞(𝑘𝑘) − [∑ 𝑘𝑘𝑘𝑘(𝑘𝑘)𝑘𝑘 ]2𝑘𝑘   (2.5.7) 

≢№╢ ↕╠⌐ ─ ⌐ ⇔≡Ⱡ♇♩꞉כ◒ ⅜ ⅎ╠╣≡™╢≤⅝⌐ r ╩ ∆

╢ ⌐│ 

k 

0

0.1

0.2

0.3

0.4

0 1 2 3 4 5 6

p(
k)

 

2.4 2.3─Ⱡ♇♩꞉כ◒─  
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𝑟𝑟 =
𝑀𝑀−1 ∑ 𝑗𝑗𝑖𝑖𝑘𝑘𝑖𝑖−[𝑀𝑀−1 ∑ 1

2(𝑗𝑗𝑖𝑖+𝑘𝑘𝑖𝑖)𝑖𝑖 ]2𝑖𝑖

𝑀𝑀−1 ∑ 1
2(𝑗𝑗𝑖𝑖+𝑘𝑘𝑖𝑖)−[𝑀𝑀−1 ∑ 1

2(𝑗𝑗𝑖𝑖+𝑘𝑘𝑖𝑖)𝑖𝑖 ]2𝑖𝑖
  (2.5.8) 

╩ ™╢↓≤╙ ╢ ↓↓≢ i=1 … M─ꜞfi◒ ╩ ⇔ ji ki │∕╣∙╣ꜞfi◒─

─ⱡכ♪─ ╩ ∆ ↓─ r│−1 ≤ 𝑟𝑟 ≤ 1─ ─ ╩≤╡ r⅜ ≢№╣┌ⱡכ♪│

™ ≢ ⅜∫≡⅔╡ 0≢№╣┌ ≢№╣┌ ─ ╣√ⱡכ♪≤ ⅜╢

⌐№╢Ⱡ♇♩꞉כ◒≢№╢↓≤╩ ∆ ─Ⱡ♇♩꞉כ◒─ ↄ│ ─ ╩ ∫≡™

╢⅜ ─Ⱡ♇♩꞉כ◒│ ─ ╩ ≈↓≤⅜╦⅛∫≡™╢  

 

2.5.3. 平均ノード間距離 

ⱡכ♪ ≤│Ⱡ♇♩꞉כ◒ ─ ─ 2 ⅜ ꜞfi◒╩ ⇔≡ ∆╢⅛╩ ∆

3.1─ⱡכ♪ 1≤ 10─ⱡכ♪ │ 3≤⌂╢ ↓╣╩ ⱡכ♪─ ╖ ╦∑≢ ⇔√

╙─╩ ⱡכ♪ ≤™™ L≢ ∆ 2.3≢│𝐿𝐿 ≅ 1.8≤⌂∫≡™╢   

 

2.5.4. クラスター係数 

─ ⌐⅔™≡ ─ │⅔ ™ ≢№╢↓≤⅜ ™ Ⱡ♇♩꞉כ◒

≢│↓─╟℮⌂ ℮™≥כ♃☻ꜝ◒╩ ⅎ┌ 2.3⌐⅔™≡ⱡכ♪ 1 2 כ♃☻ꜝ◒│3

╩ ⇔≡™╢ ∕⇔≡ ⅜ ≢№╢ ╩∕─ⱡכ♃☻ꜝ◒─♪כ ≤™™ Ci

≢ ∆ 2.3⌐⅔™≡ C1=1 C2=2/3≢№╢ ╕√↓╣╠╩ ⱡכ♪≢ ⇔√╙─╩Ⱡ♇

♩꞉כ♃☻ꜝ◒─◒כ ≤⇔ C≢ ∆ 2-3≢│ C = 7/15≢№╢  

 

2.6. 戦略適応方法 

ⱶכ◕ ⌐⅔™≡│ ─ ╩ ∆╢ Ɽꜝⱷכ♃כ C ╙⇔ↄ│ D ⅜

─ ≤≤╙⌐ ⇔≡™ↄ ╩ ∆╢ ⅜№╢ ─ ™⌐

╟∫≡ ─ ⌐ ╩ ╓∆↓≤⅜╦⅛∫≡™╢ ↓↓≢│ ⌐ ™╠╣╢ ⌂

╩ ═╢[89]  

 

2.6.1. イミテーションマックス（IM） 

≤ ─ ─℮∟ ─ ╩◖Ⱨכ∆╢ Ni ╩ ─ ≤⇔ ╩

Π≤⇔√≤⅝ │ ─ ≢ ∆↓≤⅜≢⅝╢  
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𝑆𝑆𝑖𝑖 = �
𝑆𝑆𝑖𝑖  𝑖𝑖𝑖𝑖 𝛱𝛱𝑖𝑖 > 𝑚𝑚𝑚𝑚𝑚𝑚{𝛱𝛱 ∈ 𝑁𝑁𝑖𝑖}
𝑆𝑆𝑗𝑗  𝑖𝑖𝑖𝑖 𝛱𝛱𝑗𝑗 = 𝑚𝑚𝑚𝑚𝑚𝑚{𝛱𝛱 ∈ 𝑁𝑁𝑖𝑖}

  (2.6.1) 

2.6.2. ペアワイズ（PW） 

─ ─℮∟ ╩ꜝfi♄ⱶ⌐ ⇔ ⌐∕─ ─ ╩◖Ⱨכ∆╢ ∕─

─ ╘ │ ⅝ↄ ╡№╡ ≈│ ╩ⱨ▼ꜟⱵ ≢ ⇔≡ ╘╢╙─≢ 

𝑊𝑊𝑆𝑆𝑖𝑖←𝑆𝑆𝑗𝑗 = 1
1+𝑒𝑒𝑒𝑒𝑒𝑒[(𝛱𝛱𝑖𝑖−𝛱𝛱𝑗𝑗)/𝜏𝜏]

1
1+𝑒𝑒𝑒𝑒𝑒𝑒[(𝛱𝛱𝑖𝑖−𝛱𝛱𝑗𝑗)/𝜏𝜏]

   (2.6.2) 

─ ≢ ─ ╩◖Ⱨכ∆╢ F-PW ⌂⅔ ─ Ű │ ≢™℮ ⌐ ∆

╢ꜝfi♄ⱶ ╩ ∆Ɽꜝⱷכ♃כ≢№╢ ╙℮ ≈│ ╩ ⌐ ⇔≡ ╘╢╙─

≢ 

𝑊𝑊𝑆𝑆𝑖𝑖←𝑆𝑆𝑗𝑗 = 𝛱𝛱𝑗𝑗−𝛱𝛱𝑖𝑖
𝑚𝑚𝑚𝑚𝑚𝑚(𝑘𝑘𝑥𝑥,𝑘𝑘𝑦𝑦)[𝑚𝑚𝑚𝑚𝑚𝑚(𝑅𝑅,𝑇𝑇,𝑆𝑆,𝑃𝑃)−𝑚𝑚𝑚𝑚𝑚𝑚(𝑅𝑅,𝑇𝑇,𝑆𝑆,𝑃𝑃)]

  (2.6.3) 

─ ≢ ─ ╩◖Ⱨכ∆╢ L-PW │ ⅜ 0~1─ ⌐ ╕╢╟℮

∆╢√╘─╙─≢ ─ ─℮∟ ⅝™╙─⌐ ─ ≢ ─╙─≤ ─

╙── ╩ ↑√╙─≢№╢ ⌂⅔ ≢ ↕╣≡™╢ Ultimatum Game≢│ │

pi=0 pj=1─≤⅝─ 2≢№╢  

 

2.6.3. ルーレット選択（RS） 

♩♇꜠כꜟ ≢│ ⇔ↄ│ ─ ─℮∟ ╩ ⌐ ∂≡ ⌐

⇔◖Ⱨכ∆╢ √∞⇔↓─≤⅝ ⅜ ⌐⌂╠⌂™╟℮⌐ ≢│ ≤ ─℮

∟ ─ ╩ ─♩fi▼☺כ◄ ⅛╠ ™√ ╩ ™ 

𝑊𝑊𝑆𝑆𝑗𝑗←𝑆𝑆𝑖𝑖 =
𝛱𝛱𝑗𝑗−min

𝑘𝑘∈𝑁𝑁𝑖𝑖
[𝛱𝛱𝑘𝑘]

∑ �𝛱𝛱𝑗𝑗−min
𝑘𝑘∈𝑁𝑁𝑖𝑖

[𝛱𝛱𝑘𝑘]�𝑗𝑗∈𝑁𝑁𝑖𝑖

   (2.6.4) 

≤ ↕╣╢ ≢◖Ⱨכ∆╢  

 

2.7. ネットワークの適応 

 ─ ∞↑≢⌂ↄ ╩╡⅜⌂≈─♩fi▼☺כ◄ ∆╢Ⱡ♇♩꞉כ◒∕─╙─╙

⌐ ⇔≡™ↄ≤™℮ ≤™℮ ⅎ ⅜№╢ Ⱡ♇♩꞉כ◒ ⌐╟∫≡ ⌐ⱶכ◕

⅔↑╢ ─ ⌐ ∆╢≤™∫√ ⅜№╢ ⅎ┌[65][66][67][68][69] Ⱡ♇♩

꞉כ◒ ─ │ ⌐╟∫≡↕╕↨╕≢№╢ ⅎ┌ ⱨ◊כ◌ꜟ─ ─ ≢ ╙
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⅜ ╩◒כfi♩─Ⱡ♇♩꞉▼☺כ◄™ ∆╢ ─ ≢ ╙ ⅜ fi▼☺כ◄™

♩╩ ∆╢ ⌂≥≤™∫√ ⅜№╢ ╩ │♩fi▼☺כ◄√∫ √⌂ ≤

ꜝfi♄ⱶ⌐ ∆╢ ╙№╣┌ ⱨ◊כ◌ꜟ ≥♩fi▼☺כ◄─ ∆╢ ╙№╡

↓─ ╙ ≢№╢  Game Exit Option≤⇔≡ ⱷ◌♬☼ⱶ╩ ⇔√ ⌂

≤⇔≡[21]⅜№╢  

 Ⱡ♇♩꞉כ◒─ ה ⱪ꜡♩◖ꜟ─ ™│ ⌂ ╛Ⱡ♇♩꞉כ◒Ɽꜝⱷכ♃

⌐כ ⅝ↄ ⇔≡ↄ╢ ╕√ ⌐ ∆╢ ─Ⱡ♇♩꞉כ◒⅜ ─Ⱡ♇♩꞉כ

◒Ɽꜝⱷכ♃כ⌐ ╩ ╓∆≤─ ╙№╢ ⅎ┌[90]  

 ⌐ ≤Ⱡ♇♩꞉כ◒ ─ ⸗♦ꜟ╩ ∆╢ Ɽꜝⱷכ♃כw╩

⇔ w─ ≢Ⱡ♇♩꞉כ◒ 1-w─ ≢ ╩ ℮≤ ∆╢↓≤≢ w⅜

⅝ↄ⌂╢╒≥Ⱡ♇♩꞉כ◒ ⅜ ⅜╢ ╩ ∆╢[34] ∆⌂╦∟ w=0─

│Ⱡ♇♩꞉כ◒ ⅜ ∑∏ ─╖⅜ ∆╢ ─ Ⱡ♇♩꞉כ◒⸗♦ꜟ╩

∆  

 

2.8.  Ultimatum Game の基礎 

2.8.1 Ultimatum Game におけるナッシュ均衡とパレート最適 

 Ultimatum Game│ ≥ⱶכ◕2×2 ⱶכ◕ ≢─ ⌐⅔™≡ ∆╢⸗♦ꜟ≢№

╢ Ultimatum Game≢│ ♩fi▼☺כ◄ i│[0,1]─ ≢ ↕╣√ S i= (pi, 

qi)╩ ∆╢ 1 ⱶכ◕─ │ ⅜♩fi▼☺כ◄ Proposer≤ Responder⌐⌂╢ 2 ╟╡

↕╣╢ ♩fi▼☺כ◄ i⅜ Proposer≤⌂╢ │ ⌐ ⅛╠ ⅎ╠╣╢ 1

─℮∟ Si = (pi, qi)⌐ ∂≡ ⌐ 1-pi╩ ⇔ ─ Responder◄כ☺▼fi♩ j

⌐ pi╩○ⱨ□כ∆╢ ╙⇔○ⱨ□כpi⅜ Responder─ Sj = (pj, qj)≢ ↕╣╢ qj

╟╡╙ │ⱶכ◕┌╣↑⅝ ⇔ Proposer│ 1-pi Responder│ Proposer─○ⱨ□כpi╩

╢ ╙⇔○ⱨ□כpi⅜ qj╟╡╙ │ⱶכ◕─⧵┌╣↑↕ ≤⌂∫≡ │

↕╣ │ 0≤⌂╢ ╩ⱶכ◕─↓ Proposer≤ Responder─ ╡╩ ⇔ 2

℮ ♩fi▼☺כ◄ i⅜ j≤ ⇔≡ ╢ ╩╕≤╘╢≤ ⌐⌂╢  

𝜋𝜋𝑖𝑖𝑖𝑖 =

⎩
⎪
⎨

⎪
⎧1 − 𝑝𝑝𝑖𝑖 + 𝑝𝑝𝑗𝑗 ,   (𝑝𝑝𝑖𝑖 ≥ 𝑞𝑞𝑗𝑗  𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑗𝑗 ≥ 𝑞𝑞𝑖𝑖)

1 − 𝑝𝑝𝑖𝑖,     (𝑝𝑝𝑖𝑖 ≥ 𝑞𝑞𝑗𝑗  𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑗𝑗 < 𝑞𝑞𝑖𝑖)

𝑝𝑝𝑗𝑗,         (𝑝𝑝𝑖𝑖 < 𝑞𝑞𝑗𝑗  𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑗𝑗 ≥ 𝑞𝑞𝑖𝑖)
0,                            (𝑝𝑝𝑖𝑖 < 𝑞𝑞𝑗𝑗  𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑗𝑗 < 𝑞𝑞𝑖𝑖)

 (2.8.1) 
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↓─╟℮⌐ Ultimatum Game│ │≥ⱶכ◕2×2 ⌂╡ ≢ ╩ ∆↓≤│ ≢№

╢√╘ ╩ ™≡♫♇◦ꜙ ⱶכ◕ ╩ ∆╢↓≤≤⌂╢

↓─ ≢│ ─ⱶכ◕ ─ ╩ ⅎ ╩≤∫√ⱪ꜠כꜘכ─ ╩ ∆╢

│ ≢№╢═⅝⅛╩ ∆╢ ⌐ ─ⱪ꜠כꜘכ⅜ ⌐≤∫≡ ⌂ ╩≤

∫√≤ ⇔√ ⅛╠ ─ ╩ ⅎ ⅛╠ ─ⱪ꜠כꜘכ─ ╩

∆╢ ╩ ∆╢ ↓─ ─ⱶכ◕╩ ─ ╕≢ ∆╢ ↓℮⇔≡ ∫√

│∆═≡ ⱶכ◕ ≢№╢  

Ultimatum Game─ ╩ ™≡ ↕╣╢ │ S = (p,q) = (0,0)∆⌂╦∟ ┼─

○ⱨ□כ╩ ↄ ╦∏ ⅛╠─○ⱨ□כ│√≤ⅎ≥─╟℮⌐ ↕⌂ ≢№∫≡╙ ↑

╣╢≤™℮ ≢№╢ Ultimatum Game≢│ ─○ⱨ□כ╩ ⇔√ ─ ⅜

0≤⌂╢ √∫™℮⧵┌╣№≢♩fi▼☺כ◄ ╩ ╢≤│ ⅎ╠╣∏ ≢№╣

┌≥─╟℮⌂○ⱨ□כ≢╙ ↑ ╣╢ q = 0≤™℮ ╕√│∕╣⌐ ╡⌂ↄ ™

╩ ╢ ╙ ─ ⅎ ≢ ─ ╩ ∫≡™╢≢№╤℮≤ ⇔ ⌐ כ◄

☺▼fi♩│ ⌐ ╙ ↄ─ ╩ ∆╢↓≤⅜≢⅝╢ p = 0─ ╩ ╢≤™℮ ⌐

╟╢ ↓╣│♫♇◦ꜙ ≢№╢≤ ⌐Ɽ꜠כ♩ ≢№╢√╘ Ultimatum Game⌐│

╠☺꜠fiⱴ │ ↕╣≡™⌂™≤™ⅎ╢  

 

2.8.2 アダプティブダイナミクス 

 ─ ♄▬♫Ⱶ◒☻⌐≈™≡│ ▪♄ⱪ♥▫Ⱪ♄▬♫Ⱶ◒☻ adaptive 

dynamics ╩ ⇔√ [91][92]⅜ ╦╣≡⅔╡ ↓─♄▬♫Ⱶ◒☻╩ ™╢↓≤≢ ─

⌂ ⌐ ⅎ ⌂ ♄▬♫Ⱶ◒☻ evolutionary branching ⅜ ≢№╢↓

≤⅜ ⅛∫≡⅝≡™╢ ↓↓≢│ ▪♄ⱪ♥▫Ⱪ♄▬♫Ⱶ◒☻╩ ™√ ─ ╩ ∆

╢  

▪♄ⱪ♥▫Ⱪ♄▬♫Ⱶ◒☻≢│ ☻♥♇ⱪ ♩fi▼☺כ◄ ꜠☺♦fi♩ │ ─

╩ ™╢ ─ ╩ ⇔≡™╢≤ ∆╢ ⅜♩fi▼☺כ◄╪╤∟╙ ™╢

│ ≢№╢ ↓─ ꜠☺♦fi♩⌐ ⇔≡ ⌂ Ⱶꜙכ♃fi♩ ─

╩ ∆╢↓≤≢ ─♄▬♫Ⱶ◒☻╩ ∆╢↓≤⅜ ╢  

╕∏ ꜠☺♦fi♩⅜ ™╢ S╩ p1 … pn ─ ⌐ n ⇔ S = (p1,…,pn)≤ ⅝

∆↓≤⌐∆╢ n → ∞─≤⅝ ꜠☺♦fi♩│ p1⅛╠ pn─ ≢ ↕╣╢ ─
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╩ ™≡™╢≤ ≢⅝╢ ⌐ Ⱶꜙכ♃fi♩⅜ ™╢ ╩𝑆𝑆 ǋ = (𝑝𝑝1ǋ , . . . ,𝑝𝑝𝑛𝑛ǋ )≤ ∆

╢  

Ⱶꜙכ♃fi♩⅜꜠☺♦fi♩ ⌐ ≢⅝╢ ╩ 𝐸𝐸(𝑆𝑆′, 𝑆𝑆)≤ ┘ ꜠☺♦fi

♩─ 𝜑𝜑𝑥𝑥≤Ⱶꜙכ♃fi♩ 𝜑𝜑𝑦𝑦─ ⌐╟∫≡ 

 𝐸𝐸(𝑆𝑆 ǋ, 𝑆𝑆) = 𝜑𝜑𝑦𝑦 − 𝜑𝜑𝑥𝑥 (2.8.2) 

─ ⌐ ↕╣╢  ₁─ ─ │ ∆╢ ⌐╟∫≡↕╕↨╕≢№╢  

(2.8.2) ╩ ⇔≡ ╘╢ ─ ⱬ◒♩ꜟ │ 

𝑝̇𝑝𝑖𝑖 = 𝜕𝜕𝜕𝜕(𝑆𝑆ǋ,𝑆𝑆)
𝜕𝜕𝑝𝑝𝑖𝑖

ǋ �
𝑆𝑆ǋ→𝑆𝑆

i=1,…,n (2.8.3) 

≤⌂╡ ↓╣╩▪♄ⱪ♥▫Ⱪ♄▬♫Ⱶ◒☻≤ ┬ ↓─ ⱬ◒♩ꜟ╩ ╢↓≤⌐╟∫≡

╩ ╢↓≤⅜ ╢ ╕√ ⱬ◒♩ꜟ⅜ ∆╢ ⅜ ⇔ ∕─ │

≤ ┌╣╢ ↓─ ⌐ ⇔√ │ ⌂ ♄▬♫Ⱶ◒☻⅜ ⇔≡™╢ ╙№

╡ ↕╠⌐ ─ ╩ ╘╢↓≤≢ ⇔√◦♫ꜞ○╩ ℮↓≤⅜ ≢№╢⅜ ≢│

∕╣⌐ ⇔≡─ │ ∆╢  

 

2.8.3. Ultimatum Game でのアダプティブダイナミクス 

Ultimatum Game╩▪♄ⱪ♥▫Ⱪ♄▬♫Ⱶ◒☻⌐╟∫≡ ⇔≡™ↄ Ultimatum Game⌐

⅔↑╢ │ ⅜♩fi▼☺כ◄≡∫╟⌐ ⇔√ ≤∆╢ (2.8.1) ─ ╩

(2.8.3) ─ ≤ ∆╢╟℮⌐ ⅝ ∆≤ 

𝐸𝐸(𝑆𝑆 ǋ, 𝑆𝑆) =

⎩
⎪
⎨

⎪
⎧1 − 𝑝𝑝ǋ + 𝑝𝑝,    (𝑝𝑝 ≥ 𝑞𝑞ǋ 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝ǋ ≥ 𝑞𝑞)

1 − 𝑝𝑝ǋ,            (𝑝𝑝 < 𝑞𝑞ǋ 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝ǋ ≥ 𝑞𝑞)
𝑝𝑝,                    (𝑝𝑝 ≥ 𝑞𝑞ǋ 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝ǋ < 𝑞𝑞)
0,                    (𝑝𝑝 < 𝑞𝑞ǋ 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝ǋ < 𝑞𝑞)

   (2.8.4) 

(2.8.3)≤ (2.8.4)⅛╠ Ultimatum Game─▪♄ⱪ♥▫Ⱪ♄▬♫Ⱶ◒☻│ 

𝑝̇𝑝 = �−1     𝑖𝑖𝑖𝑖𝑖𝑖 > 𝑞𝑞
0        𝑖𝑖𝑖𝑖𝑖𝑖 < 𝑞𝑞  

𝑞̇𝑞 = 0        (2.8.5) 

≤⌂╢ ∆⌂╦∟ p > q─≤⅝ p│ p = q≤⌂╢╕≢ ⇔ ↑ p < q─≤⅝ │

∑∏ ┼ ╩ ╓↕⌂ↄ⌂∫≡ ⅜ ≤⌂╡ ─ │↓↓≢ ⇔≡⇔

╕℮  
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↓↓≢ ─▪♄ⱪ♥▫Ⱪ♄▬♫Ⱶ◒☻╩ ⇔ ꜝfi♄ⱶ♪ꜞⱨ♩─ ╩Ɽꜝⱷכ

╩𝜀𝜀כ♃ ⇔≡ ∆╢↓≤≢↓─ ╩ ∆╢↓≤⅜ ╢ ─♩fi▼☺כ◄∏╕ 2

𝑝𝑝 × 𝑞𝑞│∕╣∙╣�𝑝𝑝 − 𝜀𝜀
2

,𝑝𝑝 + 𝜀𝜀
2
� × �𝑞𝑞 − 𝜀𝜀

2
, 𝑞𝑞 + 𝜀𝜀

2
�─ ≢ ⅎ╢ ∕─ ─

S2=(p2,q2)─◄כ☺▼fi♩⅜ ∆╢ │  

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆) = 1
𝜀𝜀2 ∫ ∫ (1 − 𝑝𝑝2)𝐻𝐻(𝑝𝑝2 − 𝑞𝑞1) + 𝑝𝑝1𝐻𝐻(𝑝𝑝1 − 𝑞𝑞2)𝑑𝑑𝑞𝑞1𝑑𝑑𝑝𝑝1

𝑞𝑞+𝜀𝜀2
𝑞𝑞−𝜀𝜀2

𝑝𝑝+𝜀𝜀2
𝑝𝑝−𝜀𝜀2

  (2.8.6) 

≤⌂╢ ↓↓≢𝐻𝐻(𝑥𝑥)│Ⱬfl▫◘▬♪ ≢№╡ x>0─≤⅝𝐻𝐻(𝑥𝑥) = 1 x<0─≤⅝𝐻𝐻(𝑥𝑥) =

−1≢№╢ (2..8.6)╩ ⇔ ⱬ◒♩ꜟ ╩ ╘╢≤  

𝜕𝜕
𝜕𝜕𝑝𝑝2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

= 1
𝜀𝜀 ∫ −𝐻𝐻(𝑝𝑝 − 𝑞𝑞1) + (1 − 𝑝𝑝)𝛿𝛿(𝑝𝑝 − 𝑞𝑞1)𝑑𝑑𝑞𝑞1

𝑞𝑞+𝜀𝜀2
𝑞𝑞−𝜀𝜀2   (2.8.7)

 

𝜕𝜕
𝜕𝜕𝑞𝑞2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

= 1
𝜀𝜀 ∫ −𝑞𝑞𝑞𝑞(𝑝𝑝1 − 𝑞𝑞)𝑑𝑑𝑝𝑝1

𝑝𝑝+𝜀𝜀2
𝑝𝑝−𝜀𝜀2    (2.8.8)

 

≤⌂╢ ↓↓≢ 𝛿𝛿(𝑥𝑥)│♦▫ꜝ♇◒♦ꜟ♃ ≢№╡ x≠0─≤⅝𝛿𝛿(𝑥𝑥) = 0 x=0─≤⅝

𝛿𝛿(𝑥𝑥) = Ð≢№╢ ⌐≈™≡ ⌐ ↑╩ ℮≤  

(i) 𝑝𝑝 > 𝑞𝑞 + 𝜀𝜀
2
─  

𝜕𝜕
𝜕𝜕𝑝𝑝2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

= −1 

𝜕𝜕
𝜕𝜕𝑝𝑝2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

= 0  

 (2.8.9) 

(ii) 𝑝𝑝 ∈ �𝑞𝑞 − 𝜀𝜀
2

, 𝑞𝑞 + 𝜀𝜀
2
�─  

𝜕𝜕
𝜕𝜕𝑝𝑝2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

𝜕𝜕
𝜕𝜕𝑝𝑝2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

=
1 − 𝑝𝑝
𝜀𝜀

−
1
𝜀𝜀
�𝑝𝑝 − 𝑞𝑞 +

𝜀𝜀
2
� 

𝜕𝜕
𝜕𝜕𝑞𝑞2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

�𝑝𝑝 − 𝑞𝑞 +
𝜀𝜀
2
� 

𝜕𝜕
𝜕𝜕𝑞𝑞2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

= −
𝑞𝑞
𝜀𝜀

    (2.8.10) 

(iii) 𝑝𝑝 < 𝑞𝑞 − 𝜀𝜀
2─  
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𝜕𝜕
𝜕𝜕𝑝𝑝2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

= 0 

𝜕𝜕
𝜕𝜕𝑞𝑞2

𝐸𝐸(𝑆𝑆2, 𝑆̄𝑆)�
𝑆𝑆2→𝑆𝑆

= 0 

  (2.8.11) 
≤⌂╡ (2.8.5)╩ ™≡ ∆╢≤  

               𝑝̇𝑝 =

⎩
⎪
⎨

⎪
⎧−1𝑖𝑖𝑖𝑖𝑖𝑖 > 𝑞𝑞 +

𝜀𝜀
2

1 − 𝑝𝑝 + 𝑂𝑂(𝜀𝜀)       𝑖𝑖𝑖𝑖𝑖𝑖 ∈ �𝑞𝑞 −
𝜀𝜀
2

, 𝑞𝑞 +
𝜀𝜀
2
�

0𝑖𝑖𝑖𝑖𝑖𝑖 < 𝑞𝑞 −
𝜀𝜀
2

 

 

𝑞̇𝑞 =

⎩
⎪
⎨

⎪
⎧0       𝑖𝑖𝑖𝑖𝑖𝑖 > 𝑞𝑞 + 𝜀𝜀

2

−𝑞𝑞    𝑖𝑖𝑖𝑖𝑖𝑖 ∈ �𝑞𝑞 − 𝜀𝜀
2

, 𝑞𝑞 + 𝜀𝜀
2
�

0       𝑖𝑖𝑖𝑖𝑖𝑖 < 𝑞𝑞 − 𝜀𝜀
2

 

 

(2.8.12) 

≤⌂╢ ⅛╠ 𝑞𝑞 < 𝑝𝑝 − 𝜀𝜀
2
─≤⅝ p│ ⇔ ↑ q│ ╩ ∟ ₁⌐ ○

ⱨ□כ│𝑝𝑝 ∈ �𝑞𝑞 − 𝜀𝜀
2

, 𝑞𝑞 + 𝜀𝜀
2
�─ ⌐ ↕╣≡™ↄ ⇔⅛⇔ p⅜↓─ ⌐ ╣┌ ∟⌐

♄▬♫Ⱶ◒☻⌐╟∫≡ p│ ⇔ q│ ∆╢√╘ 𝑝𝑝 = 𝑞𝑞 + 𝜀𝜀
2
≢ ╩ ╡ ⇔≡

™ↄ↓≤⌐⌂╢ ─≤⅔╡ ↓─ ≢│ q⅜ ∆╢↓≤│⌂™√╘ ⌐│

S=(0,0)┼≤ ∆╢↓≤⌐⌂╢  
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3. Ultimatum Game におけるネットワークと戦略適応の共進

化モデルに基づく社会的協調の自己組織化 

3.1. 研究背景と着眼点 

│ Ⱡ♇♩꞉כ◒ ⌐ ⇔≡ ≥─╟℮⌂ ╩ ⅎ╢≤ ⅜ ⌐ ⌐

↕╣╢⌐≈™≡ ⅜ ╕∫≡™╢[3] ≢│ ∆╢ ⅜ ⌐ ↕╣≡™╢

Ⱡ♇♩꞉כ◒─ ╦╡⌐ Ⱡ♇♩꞉כ◒╩ ⇔ ∕─ ╩ ∆╢ ╛ ─

⅜╡│ ╩ ∂≡ ⌐ ≤│ ╠⌂™√╘ Ⱡ♇♩꞉כ◒─ ╩ ∆╢↓≤│

⌂ ≢№╢ Ⱡ♇♩꞉כ◒─ ╩ ∆╢⌐№√∫≡ Zimmermann╠[6]╛ Tanimoto

╠[7]⌐ ↕╣╢╟℮⌐ ≤ ─ ─ ╖ ╦∑╛ ─ ⌐╟∫≡ꜞfi

◒─ ╩ ∆╢─⅜ ≢№╢ ≢│ ↓╣╠─ ≤│ ╩ ⅎ ─

⌐ ∆╢ ⌐│ ⅜ ≢№╢ ─ꜞfi◒╩ ⇔ ∕℮≢⌂™╙─

≤─ꜞfi◒╩ ∆╢╙─≢№╢ ↓─ Ⱡ♇♩꞉כ◒ ≡∫╟⌐ꜟכꜟ ⌂ ⅜

╡╩ ∆╢↓≤⅜ ─☺꜠fiⱴ◕כⱶ⌐⅔↑╢ ─ ⌐≥─╟℮⌂ ╩ ╓∆

─⅛╩ ∆╢. 

 

3.2. 研究概要 

≢│ Ultimatum Game UG ╩ ™ Gao╠─ [93]╩ ⌐↓╣╩ ⇔√

≤ topology─ ⸗♦ꜟ╩ ™╢ ╩ ∆╢ N◄כ☺▼fi♩│ ◓ꜝⱨ topology

≢ ↕╣╢ ╩ ∆╢ ☻♥♇ⱪ≢ │♩fi▼☺כ◄ ⱶכ◕≥

╩⇔√ ꜝfi♄ⱶ⌐ focal≤∕─ ∆⌂╦∟ 1 ─ꜞfi◒ ⅜ ┌╣ w─ ≢

Ⱡ♇♩꞉כ◒ ⇔ ↕╙⌂ↄ┌ 1-w─ ≢ ╩ ℮ ∆⌂╦∟ ─♩fi▼☺כ◄

│ asynchronous⌐ ╦╣╢  

↕╠⌐ ≢│ Ɽꜝⱷכ♃כb╩ ∆╢↓≤⌐╟∫≡ ─ UG⸗♦ꜟ╩ ∆

╢ ⸗♦ꜟ≢│ ⅜○ⱨ□כpi╩ ™ ⌐ ↕╣√ │ bpi─

╩ ∆╢ ↓─ ⸗♦ꜟ╩ ™╢↓≤≢ ⌐ ∂≡ ⌂╢ ╩ √∑╢↓

≤⅜ ≤™℮ ≢ ─ ╩ ⌐∆╢↓≤⌐ ⅎ ⱪ꜡♩◖

ꜟ⅜ ⌐ ⅎ╢ ╩ ∆╢↓≤⅜ ≤⌂╢ Ɽꜝⱷכ♃כ⌐╟∫≡ ↕╣

√ ≢│ ⅜╟╡ ↄ─ ╩ ⇔ ⌐│ ─ ⅜ ∆╢ ⌐⌂
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╣┌⌂╢╒≥ ≤⇔≡│ ⅝⌂ ⅜ ╖ ↕╣╢ ≤⌂╡ ☺꜠fiⱴ ⅜

№╢ ≢№╢≤™ⅎ╢  

⌐│ UG│ ─ Ɽꜝⱷכ♃כ╩ ⇔≡ ⅜ ╦╣╢⅜

≢│ ↕╣╢ ╩ ⌐∆╢↓≤≢ ⌐ ∂╢⅛╙ ∆╢  

 

3.3. モデル 

3.3.1. 拡張 Ultimatum Game 

─ ≢ ⌐ ™╠╣≡™╢ UG⸗♦ꜟ│ ⌐⅔↑╢ ─ Πtotal

│ ⅜ ≡ Ⱡ♇♩꞉כ◒ ╩⟨𝑘𝑘⟩ ─ ○ⱨ□כ𝑝̄𝑝∗⌐

╟╡  

Π𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = ⟨𝑘𝑘⟩𝑁𝑁(1 − 𝑝̄𝑝∗ + 𝑝̄𝑝∗) 

= ⟨𝑘𝑘⟩𝑁𝑁 

= 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶. 

   (3.3.1) 

≢ ⅎ╠╣╢ ↓↓≢ N│ ─ ╩ ∆ ↓─ Proposer⅜○ⱨ□כ∆╢ ≤

⌐ ∆╢ ≤─ │≥─╟℮⌂○ⱨ□כ ─ ⌐ ∫√≤⇔≡╙ 1⌐⌂╢─≢

Ⱡ♇♩꞉כ◒ ⌐╟╡ ⇔√ ─ ≤ ≤│ ≤⌂╢ ─

⸗♦ꜟ≢│ (3.3.1)⌐ ╦↕╣≡™╢ ╡ ≥─╟℮⌂○ⱨ□כ ─ ⌐ ╤℮≤╙

─ │ ⌐ ⇔√ ≤ ⌐╟╢ ⌐⌂╢ ∕↓≢ ≢│

≤™℮ ≢─ ╩ ⌐∆╢√╘ Ɽꜝⱷכ♃כb╩ ⇔≡⸗♦ꜟ╩ ⇔

│ ─╟℮⌐ ⇔√  

𝜋𝜋𝑖𝑖𝑖𝑖 =

⎩
⎪
⎨

⎪
⎧1 − 𝑝𝑝𝑖𝑖 + 𝑏𝑏𝑝𝑝𝑗𝑗 , (𝑝𝑝𝑖𝑖 ≥ 𝑞𝑞𝑗𝑗⅛≈𝑝𝑝𝑗𝑗 ≥ 𝑞𝑞𝑖𝑖)

1 − 𝑝𝑝𝑖𝑖, (𝑝𝑝𝑖𝑖 ≥ 𝑞𝑞𝑗𝑗⅛≈𝑝𝑝𝑗𝑗 < 𝑞𝑞𝑖𝑖)

𝑏𝑏𝑝𝑝𝑗𝑗, (𝑝𝑝𝑖𝑖 < 𝑞𝑞𝑗𝑗⅛≈𝑝𝑝𝑗𝑗 ≥ 𝑞𝑞𝑖𝑖)

0, (𝑝𝑝𝑖𝑖 < 𝑞𝑞𝑗𝑗⅛≈𝑝𝑝𝑗𝑗 < 𝑞𝑞𝑖𝑖)

 (3.3.2) 

⸗♦ꜟ⌐⅔™≡ ≤ ⌐ ╩ ⇔≡ ─ Πtotal╩ ∆╢≤

b≠1.0─  

Π𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = ⟨𝑘𝑘⟩𝑁𝑁(1 − 𝑝̄𝑝∗ + 𝑏𝑏𝑝̄𝑝∗) 

              = ⟨𝑘𝑘⟩𝑁𝑁{1 − (1 − 𝑏𝑏)𝑝̄𝑝∗ 

   (3.3.3) 
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≤⌂╡ ⅎ ⅜כ□fi♩─○ⱨ▼☺כ◄ ⇔≡™╢ ≢№∫≡╙ ♩fi▼☺כ◄ ⌐

⌂╢ p⌐╟╡ ─ │ ⌂∫≡ↄ╢─≢ ≤ ─ │ ⌂╢ ↓─

⌐╟∫≡ b>1.0─≤⅝ ⌂ ⌐⅔↑╢○ⱨ□כ⅜ ⅝™╒≥ ─

∆⌂╦∟ ⅜ ⅝™≤ ⅎ ○ⱨ□כ ─ ⌐ ╢╒≥ ≢№╢≤

⌐ ∆╢↓≤⅜≢⅝╢╟℮⌐⌂╢  

≢│ b = 1.0 ♦ⱨ◊ꜟ♩⸗♦ꜟ ≤ b = 2.0╩ ⇔√  

 

3.3.2. 離散戦略 

 ─≤⅝ ⅜♩fi▼☺כ◄ ™╢↓≤⅜ ╢ │(p, q) (0, 0) (0.5, 0) (1, 

0) (0, 0.5) (0.5, 0.5) (1, 0.5) (0, 1) (0.5, 1) (1, 1)─ 9 ─╖⌐ ╢ ∕─ ─ ╖

⌐ ™│⌂™  

 ─ ╙ b = 1.0 ♦ⱨ◊ꜟ♩⸗♦ꜟ ≤ b = 2.0╩ ⇔√  

 

3.3.3. ネットワーク適応における切断プロトコル 

focal≤⌂╢◄כ☺▼fi♩ i≤∕─ j╩ꜝfi♄ⱶ ⇔ ⌐ ═╢ 5≈─ ⱪ꜡

♩◖ꜟ≢ꜞfi◒─ ╩ ∆╢ ╩ │♩fi▼☺כ◄√∫ Ⱡ♇♩꞉כ◒ ─

fi♩⅛╠ꜝfi♄ⱶ▼☺כ◄ ♩fi▼☺כ◄√⇔ k⌐ ─ꜞfi◒╩ ↑╢ ⇔

2 ╩ ∏╢ ╕√ ⅜ ⅜ⱶכ◕∏∑ ⌂™ Lonely◄כ☺▼fi♩─

╩ ⅎ╢√╘ focal⅛ ≥∟╠⅛⅜ 1─ │ ⅜ ⅜♩fi▼☺כ◄™⌂≢1

⌐ ↕╣╢ ⇔ 1─ │ ⱪ꜡♩◖ꜟ⌐ ╡≥∟╠⅛⅜ ↕╣

╢ ⸗♦ꜟ⌐ ≠ↄ UG≢│ ─♩fi▼☺כ◄ │ ∆╢ꜞfi◒ ⌐╟╡ ╕

╢─≢ ◒fi♩⌐│ꜞfi▼☺כ◄ ─ ꜞfi◒ ╩ ∆╢╟℮⌂ ⅜ ∆╢↓

≤⌐⌂╢  

- Responder [93] 

pi≥qj⅛≈ pj≥qi─≤⅝ i-jꜞfi◒│ ↕╣╢  

pi≥qj⅛≈ pj<qi─≤⅝ i│ j≤─ꜞfi◒╩ ⇔ √⌂ k≤ꜝfi♄ⱶ ∆╢  

pj≥qi⅛≈ pi<qj─≤⅝ j│ i≤─ꜞfi◒╩ ⇔ √⌂ k≤ꜝfi♄ⱶ ∆╢  

pi<pj⅛≈ pj<qi─≤⅝ i-jꜞfi◒│ i⅛ j─≥∟╠⅛ ⅜ √⌂ k≤ꜝfi♄

ⱶ ∆╢  

- Proposer  
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pi≥qj⅛≈ pj≥qi─≤⅝ i-jꜞfi◒│ ↕╣╢  

pi≥qj⅛≈ pj<qi─≤⅝ j│ i≤─ꜞfi◒╩ ⇔ √⌂ k≤ꜝfi♄ⱶ ∆╢  

pj≥qi⅛≈ pi<qj─≤⅝ i│ j≤─ꜞfi◒╩ ⇔ √⌂ k≤ꜝfi♄ⱶ ∆╢  

pi<pj⅛≈ pj<qi─≤⅝ i-jꜞfi◒│ i⅛ j─≥∟╠⅛ ⅜ √⌂ k≤ꜝfi♄

ⱶ ∆╢  

- ○ⱨ□כ  

pi≥qj⅛≈ pj≥qi─≤⅝ i-jꜞfi◒│ ↕╣╢  

pi≥qj⅛≈ pj≥qi ─≤⅝ pi/(pi+pj)≢ i│ j≤─ꜞfi◒╩ ⇔ ↕╙⌂ↄ┌ j⅜ i

≤─ꜞfi◒╩ ∆╢ ╩ │♩fi▼☺כ◄√∫ √⌂ k≤ꜝfi♄ⱶ ∆

╢  

- ↕  

pi≥qj⅛≈ pj≥qi─≤⅝ i-jꜞfi◒│ ↕╣╢  

pi≥qj⅛≈ pj≥qi ─≤⅝ (pi-qi)/(pi-qi+pj-qj)≢ i│ j≤─ꜞfi◒╩ ⇔ ↕╙⌂ↄ

┌ j⅜ i≤─ꜞfi◒╩ ∆╢ ╩ │♩fi▼☺כ◄√∫ √⌂ k≤ꜝfi♄ⱶ

∆╢  

- ▬fi☿fi♥▫Ⱪ  

pi≥qj⅛≈ pj≥qi─≤⅝ i-jꜞfi◒│ ↕╣╢  

pi≥qj⅛≈ pj≥qi ─≤⅝ (2pi-qi-pj)/(pi+pj-qi-qj)≢ i│ j≤─ꜞfi◒╩ ⇔ ↕╙⌂

ↄ┌ j⅜ i≤─ꜞfi◒╩ ∆╢ ╩ │♩fi▼☺כ◄√∫ √⌂ k≤ꜝfi♄ⱶ

∆╢  

 

3.3.4. 各切断プロトコルの詳細 

3.3.4.1. 確定的切断プロトコル 

≢│ ⱪ꜡♩◖ꜟ─ ⅛╠ ⱪ꜡♩◖ꜟ╩ ⌂ ⱪ꜡♩◖ꜟ≤

⌂ ⱪ꜡♩◖ꜟ─ 2 ╣⅛⌐ ∆╢ Responder ⱪ꜡♩◖ꜟ

Responder Rule ≤ Proposer ⱪ꜡♩◖ꜟ Proposer Rule │ ○ⱨ□כ─ ⌐

╦╠∏ ○ⱨ□כ─ ⌐ ∂≡ ⌐ ╩ ℮↓≤⅛╠ ⱪ꜡♩◖ꜟ≤

∆╢ ╕√ ⅜ ╦╣╢─│ ─○ⱨ□כ⅜ ≢╙ ≤⌂∫√ ≢№

╡ ─○ⱨ□כ⅜ ⌐ ⇔≡™╢ │ꜞfi◒⅜ ↕╣╢√╘ 3.3.3.≤ 3.3.4.≢─

⌐ ∆╢ │ ∆═≡ꜞfi◒ ≤⌂╢ ⌐ ⇔≡≢№╢↓≤╩ ⌐ ═≡
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⅔ↄ Responder ≢│ ○ⱨ□כ╩ ↑ ◒fi♩⌐ꜞfi▼☺כ◄√∫⅛⌂╠ ╩

ⅎ≡™╢ ↓╣│ ○ⱨ□כ⅜ ╟╡ ↕™≤ ╩ ∂╢≤─ ⌐

⇔≡⅔╡ ⌂−∕─╟℮⌐○ⱨ□כ⅜ ↕™─⅛≤™℮ ⅎ ⌐ ≠™≡™╢ Proposer

│ Responder ≤│ ≢ ─○ⱨ□כ ⅜ ─○ⱨ□כ╟╡ ⅝™≤

╩ ∂╢≤─ ⌐ ╢╙─≢№╡ ⌂−○ⱨ□כ╩ ↑ ╠⌂™─⅛≤™℮ ⅎ ≢№

╢ ↓℮™∫√ ╙ ≢─↕╕↨╕⌂ ⌐⅔™≡ ⌐ ⅎ ╢↓≤─≢⅝

╢ ≢№╢ ╕√ ─○ⱨ□כ⅜ ⌐ ≤⌂∫√ │ ⌐ ╩ ™√≤

⇔≡ i-j─ꜞfi◒│ ⇔ ≥∟╠⅛ ⅜ꜝfi♄ⱶ⌐ ∆╢ ≤⌂∫≡™╢  

 

3.3.4.2. 確率的切断プロトコル 

ⱪ꜡♩◖ꜟ│ ꜞfi◒ ≤⌂∫√ ⌐⅔™≡ ⅜♩fi▼☺כ◄

∆╢ ─ ╩ ⇔≡ ╩ ℮ⱪ꜡♩◖ꜟ≢№╢ ⌂ ⱪ꜡♩◖ꜟ

╟╡╙↕╠⌐ ⌂ ╩ ℮↓≤⅜≢⅝╢ ○ⱨ□כ Offer Rule ≢│ כ◄

☺▼fi♩─○ⱨ□כ─ ⅝↕─ ⌐ ∂√ pi / (pi + pj)≢ i ↕╙⌂ↄ┌ j⌐ ╩

∆╢╙─≢№╢ ↓─ⱪ꜡♩◖ꜟ│ ○ⱨ□כ⅜ ≤╒♩fi▼☺כ◄™⅝ ╩ ⅎ╠

╣╢═⅝≢№╢≤─ ⅎ⌐ ⇔≡™╢ ↕ Generous Rule ≢│ ( pi - 

qi) / (pi - qi + pj - qj)≢ i ↕╙⌂ↄ┌ j⌐ ╩ ∆╢ ↓╣│ ○ⱨ□כp≤ q

─ ⅜ ⅝™ ∆⌂╦∟ ┼─ ⅝⌂○ⱨ□כ╩ ™≥─╟℮⌂○ⱨ□כ≢╙ ↑ ╣╢

≤╒♩fi▼☺כ◄⌂ ╩ ⌐ ╣╢═⅝≢№╢≤™℮ ⅎ⌐ ⇔≡™╢ ▬fi☿

fi♥▫Ⱪ Incentive Rule │ (2pi - qi - pj) / (pi + pj - qi - qj)≢ i ↕╙⌂ↄ┌ j⌐

╩ ⇔≡™╢ ▬fi☿fi♥▫Ⱪ ─ ⅎ │ ∆╢ 2 ▼☺כ◄─

fi♩│ ⌐ ─ ╩ ╢↓≤│ ∏ ⅛╢─│○ⱨ□כ─ ─╖≢№╢

≢№╢≤™℮ ⌐ ≠⅝ ─ ╩ ─○ⱨ□כ ≤ ⅝ ⅎ≡ ─ ↕

╩ pi - qi ─ ↕╩ pj - pi≤ ⇔ ∕─ 2pi-qi-pj╩ i─▬fi☿fi♥▫Ⱪ ⌐ 2pj - 

qj - pi╩ j─▬fi☿fi♥▫Ⱪ≤ ⇔≡▬fi☿fi♥▫Ⱪ─ ⌐ ∂√ ≢ ╩ ∆

╢ ⱪ꜡♩◖ꜟ│ ─♩fi▼☺כ◄ ╡ ⌂ꜟⱣכ꜡◓™⌂⅝≢─≥↓╢ ╩

ⱶכ◕ ⌐ ╖ ╗↓≤│ ≢№╢ ⅜№╢√╘ ⌂ꜟ◌כ꜡╡╟ ─╖≢◕

╩ⱶכ ↕∑╢↓≤╩ ≤⇔≡™╢  

 



30 
 

3.3.5. シミュレーション設定 

♩fi▼☺כ◄  ◘▬☼│ N = 1600 Ⱡ♇♩꞉כ◒│ <k> = 12─ E-Rꜝfi♄

ⱶ◓ꜝⱨ │ Pairwise-Liner[93]╩ ™╢ ◖Ⱨכ⇔≡⅝√ ⌐│◖Ⱨ

,ⱡ▬☼ [−𝛿𝛿כ +𝛿𝛿] ⅜ pj, ≤ qj⌐∕╣∙╣ ₁⌐ ↕╣╢ 𝛿𝛿 = 0.005≤⇔ 100 ─▪

fi◘fiⱩꜟ ╩ ≤∆╢ ⇔ ≢─ ─ │ ⌐◖Ⱨכⱡ

▬☼╩ ⇔⌂™ ∕─ ╦╡⌐ 𝜇𝜇≢ꜝfi♄ⱶ⌐ fi▼☺כ◄√╣┌

♩⅜ 9 ─ ╣⅛⌐ ∆╢ ≥∟╠─ ╙ b = 1≤ b = 2─ 2Ɽ♃כfi╩ ∆╢

≢│𝜇𝜇 = 0.001≤⇔√  ☻♥♇ⱪ⌐⅔™≡ⱨ◊כ◄ꜟ◌כ☺▼fi♩≤ fi▼☺כ◄

♩⅜ꜝfi♄ⱶ⌐ ∏≈ ┌╣ w≢Ⱡ♇♩꞉כ◒ ╩ ™ 1 - w≢

╩ ℮  

⌐ ∆╢☻♥♇ⱪ ─ │ ◘▬☼≤ⱡ▬☼⌐ ⇔≡ ≢№╢ 3.3.1

⌐ b = 1.0 w = 0.1 Responder ⌐⅔↑╢№╢◄Ⱨ♁כ♪╩ ∆ ≢│ ⅜

⌐ ⌐ ⇔√≤╖⌂↕╣√ ≢ 1 ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∟ ╢  
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0 200000 400000 600000 800000 1000000 1200000
Generation

Average offer

Average acceptance threshold

3.3.1 Responder ⱪ꜡♩◖ꜟ w = 0.1─≤⅝─№╢ 1 ⌐⅔↑╢

○ⱨ□כ ≤ ─  
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3.4. 結果と考察 

3.4.1. 次数分布 

3.4.1⌐ b = 1.0─ ⌐⅔↑╢∕╣∙╣─ ⱪ꜡♩◖ꜟ↔≤─ ╩ ∆ 1≈

─ ⱪ꜡♩◖ꜟ─ ⌐Ⱡ♇♩꞉כ◒ ─ Ɽꜝⱷכ♃כw│ w = 0, 0.3, 0.7, 0.9─ 3

Ɽ♃כfi╩ ⇔≡™╢  

Ⱡ♇♩꞉כ◒│ w⅜ ⅝ↄ⌂╢⌐ ∫≡ ─ Poisson ⅛╠╟╡Ⱬ♥꜡⌂

┼≤ ∆╢ Proposer ╩ ⅝ ∕─ │ ⱪ꜡♩◖ꜟ╛ b⌐│ ⅝ↄ ⇔

⌂⅛∫√ ╢↑⅔⌐ⱶכ◕2 × 2 ⸗♦ꜟ ꜞfi◒ ≤™℮ Game Exit○ⱪ◦ꜛ

fi[21]─ ⌐╟╡ ╟╡Ⱬ♥꜡⌂Ⱡ♇♩꞉כ◒┼≤ ╩ ↕∑╢↓≤≢ Ⱡ♇♩

꞉כ◕◒כⱶ w = 0 ╟╡ ™ ≤ ─ ⅜ ≤⌂╢ Proposer ╩ ↑

┌ Ⱡ♇♩꞉כ◒ w⅜ ⌐ ⅝↑╣┌ ◓ꜝⱨ ╙╡╟ⱶכ◕─ ⅝⌂ p┼

≤ ⇔≡⅔╡ ╟╡ ™ ⅜ ⇔≡™╢↓≤⅜╦⅛╢ ↓╣│ ⅔⌐ⱶכ◕2 × 2

↑╢ ≢ Tanimoto╛ Santos[94][95]⅜ ⇔≡™╢╟℮⌐ ⌐ ⇔≡Ⱡ♇♩꞉כ

◒ ─ ⅜ꜟכ◔☻ ↄ⌂╢↓≤⅜ ⌐ ⇔≡™╢↓≤⌐╟╢ ≈╕╡ focal

◒fi♩│ꜞfi▼☺כ◄ ⱪ꜡♩◖ꜟ≢ ↕╣√ ⌂ ≤─ ╩ ⌐

╢√╘ p─ ⅝⌂ ─ ⅝ ╡⅜ ⌐⌂╢  
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3.4.1 b = 1.0─ ⌐⅔↑╢ ⱪ꜡♩◖ꜟ↔≤─ 1≈─ ⱪ꜡♩

◖ꜟ≢ w = 0 0.3 0.7 0.9─ 4Ɽ♃כfi╩ ⇔≡™╢  
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3.4.2. 戦略値進化の考察 

3.4.2.1.  b = 1.0 の場合 

3.4.2⌐ b = 1.0─ ≢─ ⱪ꜡♩◖ꜟ⌐⅔↑╢ ─ p q≤Ⱡ♇

♩꞉כ◒ ─ Ɽꜝⱷכ♃כw≤─ ╩ ∆ 3.4.3⌐ ⱪ꜡♩◖ꜟ⌐⅔↑╢ p≤ q

─ ╩ w─ ↕™ ⌐ꜝ▬fi≢ ┘ ⌐ p≤ q─ ≢ ╕╢ ╩◖fi♃

≢כ ⇔≡™╢ ─╟℮⌐ b = 1.0≢│ │ p─ ⌐╟╠⌂™⅜ b = 2.0≢

│ ⅝⌂ p╒≥ │ ⅝ↄ⌂╢  

b = 1.0─ w ─≤⅝ Responder ≢│ p│ ⌂ 0.5╩ ⌐ ∫√ 0.9

─⅛⌂╡ ⅝⌂ ⌐ ∕╣⌐ ∫≡○ⱨ□כ q│ 0.4 ≢ ⇔≡™╢ ↓

╣│ ╩ 0.5≢ ⅎ≡™╢ Gao╠[93]─ ≤│ ⌂╢    

 

3.4.2 ∕╣∙╣─ w⌐⅔↑╢ ─(a) ○ⱨ□כ≤(b)
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Responder ≢│ ™⅛⌐ ⅝⌂○ⱨ□כ╩⇔≡╙ ─ ⅜ כ◕⌐╘√™⅝

ⱶ ≤⌂╣┌ ○ⱨ□כ─ │ ⌐ ↕╣╢ ─♩fi▼☺כ◄ │ ≤─

≢ ⇔√ ⌂─≢ ╠─ ╩ ⅝ↄ∆╢ ≈╕╡ ⌐ ↕╣⌂™

┼≤ │ ∆╢ ↕╣⌂™√╘⌐│ ₈ ─╟™₉↓≤⅜ ⌐⌂╢⅛

╠ w⅜ ⅝ↄ⌂╢⌐ ∫≡ ⌐ ⅝⌂ p┼≤ ∆╢  

Proposer ≢│ p q ⌐ 0╟╡│ ⅝™⅜ ⌐│ ↕⌂ ⌐ ∟≈ↄ ↓─

ⱪ꜡♩◖ꜟ≢│ ™⅛⌐ ↕⌂○ⱨ□כ⌐ ⇔≡─ ≢№╤℮≤╙ ╩ⱶכ◕ ⌐⇔

⅜◒fi♩─ꜞfi▼☺כ◄√ ⌐ ↕╣╢ ∕─√╘ ꜞfi◒─ ╩ ╣ ╠─

╩ ∂↕∑⌂™√╘⌐│ ─™⅛⌂╢○ⱨ□כ⌐ ⇔≡ ∆╢₈ ⌂₉↓≤⅜

⌐⌂╢√╘ q│ ⌐ ↕™ ⌐ ╢ ─ ╩ ↕∑╢↓≤⅜ ╣

┌ ⅎ≡ ⅝⌂○ⱨ□כ╩ ∆ ⅜⌂ↄ⌂╢─≢ p⅜ ⱪ꜡♩◖ꜟ⌐ ⇔ ⌐ ↕

™ ┼≤ ∆╢  

3.4.3 ⌐⅔↑╢ ○ⱨ□כp ≤ q ─ ⱪ꜡♇♩⅜ ⅝

ↄ⌂╢╒≥Ⱡ♇♩꞉כ◒ ⅜ ⅝ↄ⌂∫≡™╢↓≤╩ ∆ ─◖fi♃כ

│ ╩ ™≡ ↕╣√ ─ ╩ ∆  
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○ⱨ□כ ≢│ p⅜ ⅝™╒≥ ™ ≢ ╩ ⌐ ╣╢↓≤⅜ ╠

─ ╩ ╣ ╢─≢ w ⌐ ∫≡ p⅜ ⅝ↄ⌂∫≡™╢⅜ Responder ╒≥≢

│⌂™ ↓╣│ ≥╪⌂⌐ ⅝⌂○ⱨ□כ╩⇔≡╙ ╩ ↕∑╢↓≤⅜ ⌂↑╣┌

⌐ ↕╣≡⇔╕℮ Responder ≤│ ™ √≤ⅎⱨ◊כ◌ꜟ─○ⱨ□כ⅜ ↕╣√

≤⇔≡╙ⱨ◊כ◌ꜟ≤∕─ ≤─○ⱨ□כ─ ⅝↕⌐ ∂√ ≢ ╩ ∆╢

√╘ Responder ╒≥ ⌂ ≤│⌂╠⌂™↓≤⌐╟╢ ↓─╟℮⌐ Responder ╛

Proposer ─╟℮⌂ ⱪ꜡♩◖ꜟ≢│ ⌐ ╠⇔≡╙

[96][97][98][99][100][101] ─ ≢│№╡ ⌂™╟℮⌂ ⌂ ╟↕ p ╛

↕ q ⌐ ⇔≡⇔╕℮⅜ ⱪ꜡♩◖ꜟ≢│ ⌂ ┼≤ ↕╣╢  

↕ │ ○ⱨ□כ ╟╡╙ 0.1╒≥ p│ ↕™ ↕ ≢

│ ─ ⅜ p-q─ ⌐ ╢√╘ q⅜ ╙♩fi▼☺כ◄™↕ ⌐⌂╡ ╢

Proposer ≢╙ ═√⅜ q⅜ ⌐♩fi▼☺כ◄™↕ ⇔≡ ⅎ≡ ⅝⌂ p╩ ∆╢

│⌂™√╘ ○ⱨ□כ ╟╡ p q ⌐ ↕™ ┼≤ ∫√≤ ⅎ╠╣╢  

▬fi☿fi♥▫Ⱪ ≢│ i─▬fi☿fi♥▫Ⱪ 2pi - qi - pj≤ j─▬fi☿fi♥▫Ⱪ 2pj - qj -

pi─ ⌐╟∫≡ ⌐ ╩ ∆╢ ↓╣│ ─○ⱨ□כ╩ ⅝ↄ∆╢↓≤≢

─▬fi☿fi♥▫Ⱪ╩ ↕∑╢↓≤⅜≢⅝╢≤ ⌐ ─▬fi☿fi♥▫Ⱪ╩ →╢

↓≤╙≢⅝╢√╘ ─ 2≈─ⱪ꜡♩◖ꜟ╟╡╙ p ┼─ ⅜ ⇔ Responder ╟

╡│ ™ ↕╣√╙─≤ ⅎ╠╣╢  

╟╡ ─ ⌂ │ ⌐⅔↑╢ ⱪ꜡♩◖ꜟ⌐ ⅝⌂ ╩ ↑

≡™╢ ⅜ ⅛∫√  

 

3.4.2.1.1. 不合理切断の生起回数 

Responder ≢│ ⅝⌂○ⱨ□כ╩ ⇔≡╙ ─ ™○ⱨ□כ ⌐╟

╡ ↕╣╢≤─ ⅜ ∂╢≤ ═√ ↓↓≢│ ⅜≥─ ─

≢ ⇔≡™╢─⅛╩ ≡™ↄ 3.4.4⌐ ↔≤─ ╩ ∆ ∆═≡─ │

Responder ⱪ꜡♩◖ꜟ≤ ═≡ ⅛╩ ⇔≡™╢  

w = 0.9─≤⅝ pi ֕ 0.5─≤⅝⌐ ↕╣╢▬ⱬfi♩ ■ ⅜ ⌂ ≢№╢≤

∆╣┌ ≥─ ⱪ꜡♩◖ꜟ╙ Responder ≢─▬ⱬfi♩ ╟╡╙ ⌂ↄ⌂∫≡

™╢↓≤⅜╦⅛╢ ⌐ ▬fi☿fi♥▫Ⱪ ⌐╟╢∕─▬ⱬfi♩ │
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Responder ─∕╣─ 0.35 ≤⌂∫≡⅔╡ ⅜ 1/3 ↄ╕≢ ⇔≡™╢

 

 

3.4.4 w = 0.9 ⌐⅔↑╢ ⱪ꜡♩◖ꜟ≢─ ─

│ Responder ⱪ꜡♩◖ꜟ≤⇔≡™╢ ∆⌂╦∟ 1 ≈─ ◓ꜝⱨ─ │

Responder ⱪ꜡♩◖ꜟ≢─ ≤ ═≡ ⌐⌂∫≡™╢⅛╩ ∆  
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3.4.5 b = 2⌐⅔↑╢∕╣∙╣─ w⌐⅔↑╢ ─(a) ○ⱨ□כ≤(b)
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™≡ pi ֕ 0.5 pj < 0.5─≤⅝⌐ ↕╣╢▬ⱬfi♩ ■ ╩ ≡╖╟℮ Proposer

│ Responder ⌐ ═≡ 4 ─ ⌐⌂∫≡™╢ ↓╣│ Proposer ≢│○

ⱨ□כ╩ ↑ ⅜♩fi▼☺כ◄√∫⅛⌂╠ ⌐ ↕╣╢√╘ ™ↄ╠ i⅜ ⌂○ⱨ

╩כ□ ⇔≡╙ i⅜ j─ ⌂ ○ⱨ□כ╩ ⇔√√╘⌐ ↕╣≡⇔╕∫≡™╢

↓≤╩ ⇔≡⅔╡ ╘≡ ⌂ ⅜⅛⌂╡─ ≢ ⇔≡™╢↓≤⅜ ⅎ╢  

pi>pj─≤⅝⌐ ↕╣╢▬ⱬfi♩ ■ ╩ ╢≤ Proposer ⅜ ⇔√ ╩

⇔≡™╢ ╕√ Incentive ╙ 2.5 ─ ⌐⌂∫≡™╢ ⇔⅛⇔ Incentive

│ pi֕0.5 pj<0.5─≤⅝⌐ ↕╣╢▬ⱬfi♩ ■ ─ ⅜ ⌂™√╘ ╒

≤╪≥─▬ⱬfi♩│ p<0.5─◄כ☺▼fi♩ ─ ≢ ⇔√╙─≤ ↕╣

≢│⌂ↄ ╤ ∫ ⌂ ▬ⱬfi♩⅜ ╕╣≡™╢≤™ⅎ╢  

 ⌐ ⌐ ↕╣╢▬ⱬfi♩⅜ ⇔√ ■ ╩ ≡╖╟℮ Proposer

Incentive │ Responder ⌐ ═≡ ⅜ ↄ⌂∫≡™╢ Proposer │ p

≤ q─ ⅜ ⌐ ™ ≢ ∆╢ ◦Ⱶꜙ꜠כ◦ꜛfi ⅜ ↄ⌂╢╒≥◖Ⱨכⱡ▬☼─

⅜ ™≡ ⅜ ∆╢√╘ p≤ q─ ⅜ ⌐ ™ Proposer ≢│ ▬ⱬfi♩

⅜ ⇔╛∆™√╘∞≤ ⅎ╠╣╢ Incentive │ ─ ⱪ꜡♩◖ꜟ╟╡╙

─ ⅜ ≢№╢√╘ 1 ≢ ⌐ ╢╕≢│ p≤ q─ ⌐ ⅜ ∂╛

∆ↄ ▬ⱬfi♩⅜ ⇔╛∆ↄ⌂∫≡™╢≤ ↕╣╢  

 ╟╡ ⱪ꜡♩◖ꜟ Responder Proposer ⌐ ═≡ ▬

ⱬfi♩⅜ ∆╢ ⅜ ⇔≡™╢↓≤⅜╦⅛╢  

 

3.4.2.2. b = 2.0 の場合 

™≡ b = 2.0─ ╩ ⱪ꜡♩◖ꜟ↔≤⌐ ≡™ↄ 3.4.5⌐ b = 2.0─ ≢─

ⱪ꜡♩◖ꜟ⌐⅔↑╢ ─ p q≤Ⱡ♇♩꞉כ◒ ─ Ɽꜝⱷכ♃כw

≤─ ╩ ∆  

3.4.6⌐ ⱪ꜡♩◖ꜟ⌐⅔↑╢ p≤ q─ ╩ w─ ↕™ ⌐ꜝ▬fi≢ ┘ ⌐

p≤ q─ ≢ ╕╢ ╩◖fi♃כ≢ ⇔≡™╢ ─╟℮⌐ b = 1.0≢│

│ p─ ⌐╟╠⌂™⅜ b = 2.0≢│ ⅝⌂ p╒≥ │ ⅝ↄ⌂╢  
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Responder ≢│ b = 2.0│ ⌐ w⅜ ↕™≤⅝ b = 1.0─ ⌐ ═≡ ○ⱨ□כ⅜

⅝ↄ⌂∫≡™╢⅜ w⅜ ⅝ↄ⌂╢≤ ⌂™ ↓╣│ ⱪ꜡♩◖ꜟ─ b = 1.0

≢╙ ⌐ ⅝⌂ p┼≤ ⇔≡⅔╡ ─ b⅜ ⅝ↄ⌂╢↓≤⌐╟╢ ─

╩ ↑╢ │ ↕™√╘∞≤ ⅎ╠╣╢  

Proposer ─ │ b = 1.0─ ≤╒╓ ─ ≢№╢ w = 0 ● ⌐ ═

≡ w > 0≢│ ─ ⅜ ∆╢ ┼≤ ⇔≡™╢ Ⱡ♇♩꞉כ◒ ─ ⅜

ↄ⌂╢≤ ⌐ ↕╣≡ꜞfi◒╩ ℮↓≤⌐╟╢ ⅜ ⅝ↄ ∆╢╟℮⌐⌂

╢√╘ ⌂ Pareto ≤⌂╢○ⱨ□כ╩ ⅝ↄ⇔≡ ⅛╠╙ ─○ⱨ□כ╩╙╠

℮↓≤╩ ⇔≡ ☺꜠fiⱴ╩ ∆╢ ⌐ ⇔⌂™ ↓─↓≤│ Ⱡ♇♩꞉כ◒

⅜ ⌐ ⇔≡™╢≤ ℮↓≤⅜ ╢↑⅔⌐ⱶכ◕2 × 2 ⸗♦ꜟ≤ ⅜

⌂╢ ⌐╟╡ꜞfi◒ ∆╢↓≤⅜ Ultimatum Game ⱶכ◕─ ╩ ⌐

⇔ ꜞfi◒ ⌐╟╢ ⅜ ⌐╟╢ ─ ╩ ⇔ ⌐ ─

⌂™ ◓ꜝⱨ ─ⱶכ◕ ╟╡ ─ ⌐⇔⅛ ╡ ⌂ↄ⌂∫≡™╢  

3.4.6 ⌐⅔↑╢ ○ⱨ□כp≤ q─ ⱪ꜡♇♩⅜ ⅝ↄ⌂╢

╒≥Ⱡ♇♩꞉כ◒ ⅜ ⅝ↄ⌂∫≡™╢↓≤╩ ∆ ─◖fi♃כ │

╩ ™≡ ↕╣√ ─ ╩ ∆  
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○ⱨ□כ ↕ ▬fi☿fi♥▫Ⱪ ≢│ ≥╣╙ b = 1.0⌐ ═

≡ 0.1 0.2 p⅜ ⅝ↄ⌂∫≡⅔╡ Ⱡ♇♩꞉כ◒ ⅜ ⅝ↄ⌂╢⌐ ∫≡

⅜ ⅝ↄ⌂∫≡™╢ ⌐╟╡ ▬ⱬfi♩⅜ ⅝╢ Responder

╩ ∆╣┌ ▬fi☿fi♥▫Ⱪ ⅜ ╙ ⌂ Pareto ⌐ ™╟╡ ⅝⌂ p⌐

⇔ ⌂ ⅜ ⇔≡™╢  

 

3.4.3. ネットワークパラメーター 

≤⇔≡ ∆Ⱡ♇♩꞉כ◒Ɽꜝⱷכ♃כ│ כ♃☻ꜝ◒ Ɽ☻

⇔√ ─ ─ 4≈≢№╢  

כ♃☻ꜝ◒ Ɽ☻ ─ 3Ɽꜝⱷכ♃כ─ │ 2 ≢ ⇔√≤⅔

╡≢№╢ ⇔√ ─ ≤│ Ⱡ♇♩꞉כ◒ ⌐╟∫≡Ⱡ♇♩꞉כ◒⅜ ⌐ ↕╣

≈ↄ™⅜כ♃☻ꜝ◒√ ⇔≡™╢⅛╩ ∆ 3.4.7

 

Ⱡ♇♩꞉כ◒ ≢ꜞfi◒⅜ 2≈─ ⌐  ─Ⱡ♇♩꞉כ◒

3.4.7  Ⱡ♇♩꞉כ◒ ⌐╟∫≡ ⇔√ ⅜ ∆╢ⱪ꜡☿☻  
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3.4.8⌐ ⱪ꜡♩◖ꜟ⌐⅔↑╢ ≤Ⱡ♇♩꞉כ◒ ─ ╩ ∆

╩ ╢≤ ≢ │ ≤⌂∫≡™╢↓≤⅜╦⅛╢ ≈╕╡ ╩ ─ ┼

≤ ╢↓≤≢ ╩ ⇔≡™╢≤ ⅎ╢ ↓↓≢™℮ ≤│ ♫♇◦ꜙ ≢

│⌂™ ─○ⱨ□כ╩ ℮↓≤╩ ⇔ ∏⇔╙ ⌂○ⱨ□כp = 0.5╩ ⇔≡™╢╦↑

≢│⌂™ ⅜ ∞≤ ─ ⅜♩fi▼☺כ◄™↕ ─ ⅝⌂ ⱢⱩ≤ ┌╣

╢ ≤Ⱡ♇♩꞉כ◒╩ ∫≡™╢↓≤⌐⌂╢ ≢│ ⌐ Pairwise Linear

╩ ™≡™╢√╘ ⌂○ⱨ□כ╩ ℮ ⅜ ⅝™ⱢⱩ◄כ☺▼fi♩⅜ ⌂

╩ ╣┌ ⱢⱩ⌐ ╡ ™≡™╢ ─ ─fi♩│ⱢⱩ▼☺כ◄⌂↕ ╩◖Ⱨכ⇔ ↑

♫♇◦ꜙ ┼≤ ↕╣∏ ⌐ ⌂ ⅜כ♃☻ꜝ◒ ↕╣╢√╘∞≤ ⅎ╠╣

╢ ⌐ⱢⱩ⌐ ╡ ─♩fi▼☺כ◄╢™≡™ ⅛⅜ ◖Ⱨכ ─ⱡ▬☼⌐╟╢ ≢

ⱪ꜡♩◖ꜟ⌐╟∫≡ ↕╣╢ ⌂ ┼≤ ⇔≡⇔╕∫≡╙ ⱪ꜡

♩◖ꜟ⌐╟∫≡ ∟⌐ ꜙ◦♇♫⅜כ♃☻ꜝ◒╘√╢╣↕ ┼≤ ↕╣╢↓≤│⌂

™  

3.4.9⌐ ⱪ꜡♩◖ꜟ─◒ꜝ☻♃כ ╩ ∆  

Proposer ╩ ™≡ ≥─ ⱪ꜡♩◖ꜟ╙ כ♃☻ꜝ◒─ ⅛╠ ⌐╟∫≡

╛╛ ⅜ ⇔≡™╢⅜ ╒╓ │⌂™ Proposer │ ─ ⱪ꜡♩◖ꜟ╟╡╙ ⅜

╛╛ ⅝™  

 3.4.10⌐ Ɽ☻ ╩ ∆  

3.4.8 ⱪ꜡♩◖ꜟ⌐⅔↑╢ ≤Ⱡ♇♩꞉כ◒ ─  
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Proposer │ ⌂ │ ╠╣⌂™ ↓↓≢ 3.4.9 ─ Proposer ─

╩ ≡╖╢≤ כ♃☻ꜝ◒ ─ ≤ Ɽ☻ ─ ⅜ ⇔≡™╢↓≤⅜╦⅛╢ ≈

╕╡ Proposer │ ─ ⱪ꜡♩◖ꜟ⌐ ═≡ⱨ◊כ◌ꜟ ≥♩fi▼☺כ◄─ ⌐

⅜∫≡⅔╡ ∕─√╘ Ɽ☻ ⅜ ↄ⌂∫≡™╢╙─≤ ⅎ╠╣╢  

 3.4.11⌐ ─ ╩ ∆  

↓╣╩ ╢≤ Responder Proposer ≤™∫√ ⱪ꜡♩◖ꜟ∞≤Ⱡ♇♩꞉כ

◒ ⅜ ⅝ↄ⌂╢⌐≈╣≡ ∆╢ ─ ⅜ ⱪ꜡♩◖ꜟ╟╡╙ ╠⅛⌐

™ ↓╣│ ⱪ꜡♩◖ꜟ⅜ ⌐ ⌂ ╩ ℮√╘ ⅜ ↕╣╛∆ↄ⌂∫≡
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3.4.10 ⱪ꜡♩◖ꜟ⌐⅔↑╢ Ɽ☻ ≤Ⱡ♇♩꞉כ◒ ─  
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™╢≤ ⅎ╠╣╢ ╕√ 3.4.4⌐ ⇔√ ╩ ╢≤ Proposer │ ─

⅜ ─ ⱪ꜡♩◖ꜟ⌐ ═≡ ⌐ ⅝™↓≤⅜ ⅛╡ ─ ⅜ ⇔╛∆ↄ⌂╢

≤⌂∫≡™╢≤ ⅎ╠╣╢  

 
3.4.4. 離散戦略 

─ ⌐⅔↑╢ │𝜇𝜇 = 0.001≤⇔√  

 

3.4.4.1. b = 1.0 の場合 

3.4.12⌐ b = 1.0─≤⅝─ ○ⱨ□כ≤ ╩ ∆ ↓─

╩ ╢≤ ─ ≤ ⌂╢ ≤⌂∫≡™╢↓≤⅜╦⅛╢ ↓╣│ ⅜

≢ ⅎ╠╣╢√╘ 0╛ 0.5 1≤™∫√ ⌐ ⇔╛∆™√╘≢№╢↓≤│ ⌐

≢⅝╢  

Responder ○ⱨ□כ ▬fi☿fi♥▫Ⱪ │ w = 0.1~0.6⌐⅛↑≡ ╘

≡ ⌂○ⱨ□כp = 0.5≤⌂∫≡™╢ ∕╣ Ⱡ♇♩꞉כ◒ ⅜ ⅝ↄ⌂╢≤

Responder │ p = 1 ▬fi☿fi♥▫Ⱪ │ p = 0.7 ≢ ⇔ ○ⱨ□כ

│ ↄ ⅜⌂ↄ ⌐ p = 0.5⌐ ⇔≡™╢ ↓─↓≤⅛╠ ─ ⅜Ⱡ♇♩꞉כ◒

⌐ ∑∏ ⅜ ∆╢≤™ⅎ╢  

Proposer ↕ ╩ ≡╖╢≤ ⌐♫♇◦ꜙ ⌐ ↕╣≡™╢ w = 

0.9╩ ↄ Proposer │ ⌐ ═╠╣√ ╡ ∕─ ⱪ꜡♩◖ꜟ─ p≤ q⅜

↕⌂ ┼≤ ↕╣≡™ↄ─│ ╙╠⇔™ ≢№╢  
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⇔⅛⇔ ↕ │ ⌐ ⇔√ ─ ≤ ═≡ ⅝⌂ ™╩ ⇔≡™╢

↓─ ╩ ⇔≡™ↄ ↕ ⱪ꜡♩◖ꜟ│ pi - qi─ ≢ ╩ ≢

⅝╢√╘ ◄Ⱨ♁כ♪ ⌐ p ⅛≈ q ─ ⅜ ↕╣ S = (0.5, 0)⅜ ⌂ ≤⌂

╢ ↓↓≢ ⌐╟∫≡♫♇◦ꜙ ─ ♩fi▼☺כ◄─ S = (0, 0)⅜ ∂√ ╩

ⅎ╢≤ ⌐♩fi▼☺כ◄ ⅜♩fi▼☺כ◄─ ≢ ↑≡⇔╕℮ ∕─√

╘ S = (0, 0)─ ♫♇◦ꜙ ─ ╩ ╩♩fi▼☺כ◄≈ ∆╢↓≤⅜≢

⅝∏ ∕─ │ ⌐ ⇔≡ ⌐♫♇◦ꜙ ⌐ ╢≤ ⅎ╠╣╢  
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3.4.12 ∕╣∙╣─w⌐⅔↑╢ ─(a) ○ⱨ□כ≤(b)  
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3.4.4.1.1. 平衡状態 

 ▬fi☿fi♥▫Ⱪ ⌐⅔↑╢ w = 0.8 0.9─ ─ ⌐ ∆╢≤ p = 0.7 ≢

⇔≡™╢↓≤⅜╦⅛╢ ≢│ ╩ p = 0, 0.5, 1─ ≢⇔⅛ ⇔≡™

⌂™⌐╙ ╦╠∏ ∕╣ ─ ⌐ ∆╢≤™℮↓≤│ 2≈─ ⅜ ⅎ╠╣╢  

 1≈│ ⌐ Bi-Stable ⅜№╢↓≤≢№╢ │ 100 ─ ╩ⱪ꜡♇♩⇔

≡™╢√╘ ⅎ┌ 100 50 │ p = 0.5─ ╡─ 50 │ p = 1─ ⌐

╣┌ p = 0.75 ─ ≤⌂╢  

 2≈ │ ≢№╢ ≤│ №╢ 1 ╩ √≤⅝ fi▼☺כ◄─≡═∆

♩⅜ p = 0.5╛ p = 1≤™℮ ╩ ╢╟℮⌐⌂╢─≢│⌂ↄ ∕╣╠─ ╩ ☺כ◄≈

▼fi♩⅜ ∆╢↓≤≢№╢ ↓─ 1 ─ ╩ √≤⅝≢╙

⌂ ≤⌂╢  

 ≢│ ↓─▬fi☿fi♥▫Ⱪ ─ │≥─♃▬ⱪ⌂─≢№╤℮⅛

3.4.12⌐ ↕╣≡™╢ Ᵽכ╩ ≡╖╢≤ ∕↓╕≢ ⅝ↄ ╣≡™⌂™ ↓─↓≤

⅛╠ ─ │∕↓╕≢┌╠≈⅝⅜⌂™≤ ⅎ╠╣ │ ⌐ ∫≡™

╢ ⅜ ™ ╕√ ─○ⱨ□כ ╩ ≡╖╢≤ ╒╓∆═≡─○ⱨ□כ⅜

⇔≡™√ ↓─↓≤╙ ╩ ↑╢ ≢№╢  

≢│ ≥─╟℮⌂♩ⱳ꜡☺כ≢ ⇔≡™╢─⅛ ⌐ ≡╖╢ 3.4.13⌐ w = 

0.9 ▬fi☿fi♥▫Ⱪ ⌐⅔↑╢ №╢ 1 ─ Ⱡ♇♩꞉כ◒♩ⱳ꜡☺כ╩ ⇔

≡™╢ ↓─ ⅛╠ ─ p╩ ♩fi▼☺כ◄≈ ╩כ♃☻ꜝ◒⅜ ⇔≡

⌐ ∫≡™╢↓≤⅜ ⌐ ⌐ ≡ ╣╢ ꜞfi◒─ │ ꜝfi♄ⱶ

≤™℮ ╘≡◦fiⱪꜟ⌂ꜟכꜟ≢№╢⌐╙ ╦╠∏ ↓─╟℮⌐ ⌐ ⌂ ⌐

╢≤™℮↓≤│ ™ ≢№╢≤™ⅎ╢  
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3.4.4.2. b = 2.0 の場合 

3.4.14⌐ b=2.0─≤⅝─ ○ⱨ□כ≤ ╩ ∆ ↓╣╩

╢≤ Responder ○ⱨ□כ ▬fi☿fi♥▫Ⱪ │ ─ ╩ ↑

≡ p⅜ enhance↕╣≡™╢↓≤⅜ ≡ ╣ ─≤⅝≤ ─ ╩ ⇔≡™╢ w = 

0.7─≤⅝─ Responder w = 0.8─≤⅝─▬fi☿fi♥▫Ⱪ ╩ ≡╖╢≤

⌐ ─ ╣⅜ ⅝ↄ Bi-Stable⌂ ⌐ ∫≡™╢ ⅜ ⌐ ™

⅛≈ b = 1─≤⅝─ ≤ ╦∑ ╢≤ w⅜ ⅝ↄ⌂╢↓≤≢ ─ ╩ ☺כ◄≈

▼fi♩ ╩כ♃☻ꜝ◒⅜ ⇔≡ ≢⅝╢ ⌐⌂╡ ∕─ ⌐ ╢⅛

Bi-Stable⌂ ⌐ ╢⅛─ ≤⌂╢ Ⱡ♇♩꞉כ◒ ⅜ w = 0.6 ~ 0.7 ⌐

∆╢ ⅜№╢≤™ⅎ╢  

Proposer ↕ │ w ─ ≢╦∏⅛⌐ p ԛ 0≤⌂∫≡™╢⅜ ╒╓♫

♇◦ꜙ ≢№╢≤™ⅎ╢  

3.4.13 w=0.9 ▬fi☿fi♥▫Ⱪ ⱪ꜡♩◖ꜟ⌐⅔↑╢№╢ 1 ─

Ⱡ♇♩꞉כ◒♩ⱳ꜡☺כ  
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3.4.5. 離散戦略での均衡時におけるネットワークパラメーター 

3.4.15⌐ b = 1.0─≤⅝─ ╩ ∆  

3.4.2─ ⌐⅔↑╢ ─Ɽꜝⱷכ♃כ≤ ∆╢≤ ╘≡ ⌂╢↓≤⅜╦⅛╢

⌐▬fi☿fi♥▫Ⱪ ≢│ w = 0.7╩ ⅎ╢≤ ─ ╩ ⇔≡™╢ ≥℮™

∫√ⱷ◌♬☼ⱶ≢ ─ ⅜ ⇔√─≢№╤℮⅛   

 ↓╣│ 3.4.4.1.1≢ ═√ ≢№╢↓≤⅜ ⅝ↄ ⇔≡™╢≤ ⅎ╠╣╢

3.4.13╩ ╢≤ p = 1─◒ꜝ☻♃כ─ ⅜ ⅜ ⅝™ p = 1─◄כ☺▼fi♩≤ p = 

─♩fi▼☺כ◄─0.5 ╩ √≤⅝ p = 1─◄כ☺▼fi♩─ ⅜ ⌐ ⅝⌂ ≤⌂

∫≡™╢↓≤⅜ ↕╣√ ↓╣│ p ≤╒♩fi▼☺כ◄─ ╩ ⇔╛∆ↄ

⅜ ⌐ ∆╢ ⱪ꜡♩◖ꜟ─ ⌐╟╢╙─≢№╢ ↕╠⌐ ∂ p ≢◒ꜝ☻♃

╩כ ⇔≡™╢√╘ ⌐ ♩fi▼☺כ◄─ ⅜ ⅜╡№∫√ ⅜ ╕╣

─ ≤⌂∫√≤ ⅎ╠╣╢  

3.4.14 ∕╣∙╣─ w⌐⅔↑╢ ─(a) ○ⱨ□כ≤(b)  
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 3.4.16⌐ b=1.0─≤⅝─◒ꜝ☻♃כ Ɽ☻ ─ ≤™∫√Ⱡ♇♩꞉כ◒Ɽ

ꜝⱷכ♃כ╩╕≤╘≡ ∆ ↓╣╠─Ɽꜝⱷכ♃כ│ ─≤⅝≤ ═≡ ∆═⅝

│ ∂⌂⅛∫√  
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3.5. 結論 

 ┼─○ⱨ□כ⅜ ↕╣╢ⱷ◌♬☼ⱶ⌐╟╡☺꜠fiⱴ ⌐ⱶכ◕╩ ╢

Ultimatum Game╩ ⇔ 2 ─ ≢№╢○ⱨ□כ≤○ⱨ□כ S = (p, q)─

⌐ ⅎ ꜞfi◒ ⌐╟╢Ⱡ♇♩꞉כ◒ ╩ ⇔√ ⸗♦ꜟ╩ ⇔√  

Ⱡ♇♩꞉כ◒ ╩ ╘╢ꜞfi◒ ⱪ꜡♩◖ꜟ⌐ ⇔≡ ⱪ꜡♩◖ꜟ 2

ⱪ꜡♩◖ꜟ 3 ╩ ⇔≡ ─ ⌐╟╡ ⱪ꜡♩◖ꜟ⌐╟╢ ─

≤ ─ ┼─ ╩ ⇔√ ∕─ ⱪ꜡♩◖ꜟ─ ™⌐╟∫≡ ⅝ↄ

⌂╢ ⌐ ╢↓≤⅜ ╠⅛≤⌂∫√ ╕√ ⸗♦ꜟ╩ ∆╢↓≤≢ ⱪ꜡♩◖ꜟ─

╩ ⇔ Responder ╛ Proposer ≤™∫√ ⱪ꜡♩◖ꜟ≢│

≢│ ⅝ⅎ⌂™ ▬ⱬfi♩╩ ∆╢↓≤≢ ⌐ ╟™ ⌐ ⌂ ⌐

╢↓≤⅜ ╠⌐⇔√ ⱪ꜡♩◖ꜟ≢│ ⌐│№╡ ⌂™ ─ │ ↕╣

≢ ↕╣╢╟℮⌂ ⌂ ╟↕ ⌂ ↕╩ ↕∑╢  

╕√ ┼─○ⱨ□כ ╩ ∆╢≤⅝ b = 2 Responder ⅜ ╟╡ ⌂

┼≤ ∆╢↓≤⅜ ↕╣√ ⇔⅛⇔ ↓─ ⱪ꜡♩◖ꜟ│ ⅛╠─ ╩

╣╢√╘└√∆╠ ⅝⌂○ⱨ□כ╩ ∆ ─ ╩ ⌐╙√╠⇔ ⌐│ ₁⌂

╩ ╖ №╢ ─ ╩ ∑⇔╘╢ ⌐ ┘╢╕≢─ ⅝⌂○ⱨ□כ

╩ ∆╢ ╙№╡ ─╟℮⌐ ─ ◦☻♥ⱶ≢↓─╟℮⌂ꜞfi◒

⅜ ╕╣≡™╢≤│ ⅎ⌐ↄ™  

≢─ ⌐╟∫≡ ≤ ─ ⅜ ╠⅛⌐⌂∫√ ╕√ ↓─ ╩

╕ⅎ╢≤ ─ ≢╙ ─ ⌐№⅛╠↕╕⌂ │ ∂⌂™⅜ ⌐

⅛™♃▬ⱶ☻◔כꜟ≢ ╩ ∫√≤⅝ ⌂ ⅜ ⇔≡™╢ ⅜№╢  

ⱪ꜡♩◖ꜟ─ ╩ ⅎ√≤⅝ ─▬fi☿fi♥▫Ⱪ │ ♦ⱨ◊ꜟ♩⸗♦

ꜟ≢╙ ⌐ ⌂○ⱨ□כ╩ ⇔ ⅛≈ Responder ⌐ ← ™ ╩

╢ ─○ⱨ□כ≤ ─ ⌐ ∂≡ꜞfi◒ ∆╢ ⌐│

₈ ⌐ ∫√₉ⱪ꜡♩◖ꜟ≢№╢≤ ⅎ╟℮  
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4. 記憶に基づいた確率的意思決定が協調行動に与える

影響 
4.1. 研究背景と着眼点 

Miyaji ╠[102]⅜ ⇔√ ╩ ⌐ Ⱡ♇♩꞉כ◒ ⌐⅔™≡ ─ כ◄≥

☺▼fi♩─ ∆╢ ─ ╩ ⌐ ∆╢ ≢│ ≤ ≤─ ╛

⌐ ∂≡ ↕╣╢ ☺꜠fiⱴ│ ⌐ ╗╙─≢№╡⌂⅜╠ ◦☻♥ⱶ⌐│

⌂ ⅜ ↕╣≡™╢ ↓─↓≤⅛╠ ⌂╢ ≢╙ ⌂ ╩ ≢⅝╢

⌂ ⅜ ⌐ ⇔≡™╢↓≤⅜ ↕╣╢ ↓↓⌐⅔™≡ ─☺꜠

fiⱴ◕כⱶ PD Prisoner’s Dilemma Game ╛♅◐fi◕כⱶ CHG Chicken Game ╩ ⌐

╡ ⇔ Ⱡ♇♩꞉כ◒ ╛ ╩ ₁⌐ ⇔≡™╢ ▪ⱪ꜡כ♅≤│ ⌂

╢ ⅜ ↕╣╢ ≢│,Ⱡ♇♩꞉כ◒ ≤ ╩ ╖ ╦∑ ↕╠⌐

⌐ ⌐ ∂╢↓≤╩ ∆╢ ╩ ⇔√ 1 ╩ⱶכ◕

⇔ PD CHG≤™∫√ ⌂╢☺꜠fiⱴ◒ꜝ☻⌐ ∂≡ │ ↕╣ ╢─⅛╩

∆╢  

 

4.2. 研究概要 

ⱶכ◕ ⌐⅔™≡│ Ⱡ♇♩꞉כ◒≢ ↕╣√ ⌐ ⇔≡ ╕√│

╡─≥∟╠⅛╩ ∆╢Ᵽ▬♫ꜞכ⌂⸗♦ꜟ⅜ ≢№╢ ≢│ ♩fi▼☺כ◄

⌐ ─ ╩ ⇔ ─ ⌐ ∂≡ ─ ╩ ⌐ ∆╢ ⸗♦ꜟ

╩ ⌐ⱶכ◕2 × 2 ╖ ╪∞⸗♦ꜟ╩ ∆╢ ─☺꜠fiⱴ◕כⱶ≢│ ™⌐ C

╩ ∆ R ⅜ ♅◐fi◕כⱶ≢│ C≤ D╩№╢ ≢ ⇔ ℮ ST ⅜ ╩

∆╢ ≢ ╙ ╣√ ≢№╢⅜ ⸗♦ꜟ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi⅛╠ ☺כ◄

▼fi♩│∕╣∙╣─☺꜠fiⱴ◒ꜝ☻⌐ ∂≡ ╩ ∆╢√╘⌐ ⌂ ┼≤

⇔≡™ↄ ╩ ∆╢  

 

4.3. モデル 

4.3.1. 2 × 2 ゲーム 

2 2 2 × 2 ╩ⱶכ◕ ™╢ ⸗♦ꜟ≢│ 2 ⅛╠⌂╢ 𝑠𝑠𝑖𝑖 = (𝑝𝑝𝑖𝑖,𝑞𝑞𝑖𝑖) ∈ [0,1]
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╩ ∆╢ pi│ ⅜ C ∞∫√ ∆╢ qi│ ⅜ D∞

∫√ ∆╢ ≢№╢  ≤⇔≡│ pi╛ qi─╟℮⌂ ≢│⌂ↄ Ᵽ▬♫ꜞ

⌐כ 0 D ╕√│ 1 C ≢ ╩ ∆╢ ⅎ ⅜ ≢№╢⅜ ≢│ ─

ꜝfi♄ⱶ⌂ ╢ ™╩⸗♦ꜟ ∆╢√╘ ⌂ ≤⇔≡ ╩ ™╢

[104] ↓─⸗♦ꜟ ≢│ │♩fi▼☺כ◄ ─ ─ ╢ ™⌐ ∂≡ ⌂╢

╩ ⇔≡ ╩ ∆╢√╘ ─ ─ ╩ 1 ∆╢↓≤⌐⌂╡ C ⅛

D⅛─ │ pi≤ qi⌐╟∫≡ ⌐ ╕╢ ∆⌂╦∟ 1 ≢№╢ ◄

│♩fi▼☺כ ≤ ─ ╢ ™─⌐ ∂≡ ╩ ∆╢ ╙⇔ ≤ ⌐

C ╩ ⇔√ Reward R ╩ ⌐ D╩ ⇔√ Punishment P ╩∕

╣∙╣ ≤⇔≡ ╢ ╙⇔ ⅜ C ⅜ D ╩ ™√ │ Sucker S

│ T ╩ ╢ ↓╣╠ R S T P─ ╩ ↕∑╢↓≤≢ ₁⌂☺꜠fi

ⱴ ╩⸗♦ꜟ ⌐ ≢⅝╢  Tanimoto & Sagara [103]─☻◔כꜞfi◓ ⌐ ™ R = 1

P = 0≤ ∆╢↓≤≢  

�𝑅𝑅 𝑆𝑆
𝑇𝑇 𝑃𝑃� = �

1 −𝐷𝐷𝑟𝑟
1 + 𝐷𝐷𝑔𝑔 0 �    (4.1) 

≤ ∆↓≤⅜ ╢ ↓╣⌐╟∫≡☺꜠fiⱴ ╩ Dg ♅◐fi ☺꜠fiⱴ─ ↕╩ ∆╢

Dr─ Stag-Hunt ☺꜠fiⱴ─ ↕╩ ∆╢ ─ 2 ─╖⌐╟∫≡ ≢⅝╢ ↓─

PD◕כⱶ⌐⅔↑╢ │ T > R > P > S∆⌂╦∟ Dg > 0 Dr > 0─ CH◕כⱶ⌐⅔

↑╢ │ T > R > S > P╕√│ T > S > R > P∆⌂╦∟ Dg > 0 Dr < 0─ ≢ ∆↓≤⅜

≤⌂╢ 1╩ ⅜⌂™ ≢ R ⌐ ⇔≡ ST ⅜ ≤⌂╢─

│ CH≢╙ S + T > 2R─ ╩ √∆ ≢№╢  

 

4.3.2. シミュレーション手順 

◦Ⱶꜙ꜠כ◦ꜛfi◄Ⱨ♁כ♪ ◒כfi♩╩Ⱡ♇♩꞉▼☺כ◄ ⌐ ⇔ [0, 1]─

≢ꜝfi♄ⱶ⌐ si = (pi, qi)╩ ∆╢ ◦Ⱶꜙ꜠כ◦ꜛfi─ 1☻♥♇ⱪ ─ ≤⇔

≡ C ╕√│ D ╩ꜝfi♄ⱶ⌐ ╡ ≡≡⅔ↄ ⱶכ◕ ┘ ─ │ ⌐ ═╢▪

◦fi◒꜡ ⌐ ≠ↄ ∆⌂╦∟ ⅜ ⇔√ ꜝfi♄ⱶ⌐ fi▼☺כ◄√╣↕

♩ i ⅜ ≤ ∆╢↓≤≢ 𝜋𝜋𝑖𝑖 ╩ ╢ │≢ⱶכ◕ ⌐ ∂ ─

⌐╟╡ C⅛ D⅛╩ ⌐ ╘╢ ⌐ ꜝfi♄ⱶ⌐ ⇔√ j─ ╙ ⌐

╘≡⅔ↄ ♩fi▼☺כ◄│≢ i│ j─ 𝜋𝜋𝑗𝑗≤ 𝜋𝜋𝑖𝑖≤⌐╟╡ ╩
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∆╢⅛ j─ sj=(pj, qj)╩◖Ⱨכ∆╢⅛╩ ⌐ ≠⅝ ⌐ ╘╢ Pairwise Fermi

ⅎ┌[105] ♩fi▼☺כ◄ j ─ ⅜ i ╟╡╙ ↑╣┌ ™╒≥ j ─ ╩◖Ⱨכ∆╢

⅜ ∆╢  

𝑃𝑃𝑖𝑖←𝑗𝑗 = 1

1+𝑒𝑒𝑒𝑒𝑒𝑒�
𝜋𝜋𝑖𝑖−𝜋𝜋𝑗𝑗
𝜅𝜅 �

  (4.2) 

↓↓≢ ə│ ≤ ┌╣ ⅜ ⅝™╒≥ ─ ⅜ ↄ⌂╡ ◖Ⱨכ─

⅜ ∆╢ ≢│ ə = 0.5≤∆╢  

─ ╩ ⌐ ╢╕≢ ╡ ⇔ 100☻♥♇ⱪ─ p q

ɟc C─ ─ ╩ ∆╢ ≢│ k = 4 N = 70 × 70 = 4900─

◓ꜝⱨ ╕√│ k = 4 24 N = 4900─ꜝfi♄ⱶ꜠◑ꜙꜝכ◓ꜝⱨ╩ Ⱡ♇♩

꞉כ◒≤⇔≡ ™ ─ ≤ ╩ 100 ▪fi◘fiⱩꜟ ⇔√╙─╩ ≤

∆╢  

 

4.4. 結果と考察 

│∂╘⌐ ◦Ⱶꜙ꜠כ◦ꜛfi⌐⅔↑╢ ╩ ∆╢√╘ 4.4.1⌐ ∆ ─

─ ≤ ⱪ꜡ⱨ□▬ꜟ ─ p q╩ ≡╖╢ ╩ ╢≤ ꜠ⱪꜞ◔כ♃

♄▬♫Ⱶ◒☻⌐╟∫≡ ↕╣╢ ─ ≤ ═≡ ⇔ↄ ⅜ enhance ↕╣≡™╢

─ 1bit ⌐╟╢Ⱡ♇♩꞉כ◒ ─⸗♦ꜟ≢│ Dg = Dr = 1─ PD≢│ ╡ ⌐

↕╣╢⅜ ⸗♦ꜟ≢│╒╓ ⌂ ⅜ ↕╣≡™╢ p ≤ q ╩ ╢≤

CHG─ ╩ ™≡ p│ ≢ 1⌐ ™ ≤⌂∫≡⅔╡ q│☺꜠fiⱴ ↕⌐╟∫≡

⌂╢⅜ ☺꜠fiⱴ⅜ ™ Dg > 0─ ≢│ 0⌐ ™ ⌐ ⇔≡™╢ Fig.4.4.1(c) ≈╕╡

Dg≤ Dr⅜ ⅝ↄ⌂∫≡☺꜠fiⱴ⅜ ↄ⌂╡ ∫≡ T╩≤╢▬fi☿fi♥▫Ⱪ⅜ ⅝ↄ⌂╢

≤ ⌐ ⇔≡│ ╡ ∆ ⌐╟∫≡ R ╩ ⇔≡™╢↓≤⅜ ⅛╢

⸗♦ꜟ≢─ ─ │ Tit-for-Tat (TFT) [15]⌐ ≡™╢⅜ ╡⌐ ⇔≡ ⌐

╡ ∆╦↑≢│⌂™≤™℮ ≤⌂∫≡⅔╡ TFT ─ ≢№╢ ─ ⌐╟∫≡

⅜ ╡ ⌐ ↕╣≡⇔╕℮ ╩ ⇔√╙─≤⌂∫≡™╢ ↓─╟℮⌂ ┼≤

∆╢↓≤⅜ ╢─│ p≤ q⌐╟╡ C or D⌐ ⇔≡ [58]≤⌂∫≡

™╢√╘≢№╢ │ ⇔≡™⌂™⅜ 1 𝑠𝑠𝑖𝑖 = (𝑝𝑝𝑖𝑖, 𝑞𝑞𝑖𝑖) ∈ {(0,0), (0,1), (1,0), (1,1)}.

╩ ™√ ≤─ ⅛╠ ⱪ꜡☿☻─ ⅜ ⌂ enhance ⌐ ⇔

≡™╢≤ ⅎ╢   
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│𝜌𝜌𝑐𝑐(1 − 𝜌𝜌𝑐𝑐) T╩≤╢ │(1 − 𝜌𝜌𝑐𝑐)𝜌𝜌𝑐𝑐 P╩≤╢ │(1 − 𝜌𝜌𝑐𝑐)2≤⌂╢⅛╠ №╢ⱪ꜠כꜘ

⅜כ 1 ≤ ⇔√ ⌐ ∆╢ ⟨𝜋𝜋⟩│  

⟨𝜋𝜋⟩ = 𝜌𝜌𝑐𝑐2𝑅𝑅 + 𝜌𝜌𝑐𝑐(1 − 𝜌𝜌𝑐𝑐)𝑆𝑆 + (1 − 𝜌𝜌𝑐𝑐)𝜌𝜌𝑐𝑐𝑇𝑇 + (1 − 𝜌𝜌𝑐𝑐)2𝑃𝑃 

       = (𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃)𝜌𝜌𝑐𝑐2 + (𝑆𝑆 + 𝑇𝑇 − 2𝑃𝑃)𝜌𝜌𝑐𝑐 + 𝑃𝑃 

                                                 = (𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃) �𝜌𝜌𝑐𝑐 + 𝑆𝑆+𝑇𝑇−2𝑃𝑃
2(𝑅𝑅−𝑆𝑆−𝑇𝑇+𝑃𝑃)

�
2
− (𝑆𝑆+𝑇𝑇−2𝑃𝑃)2

4(𝑅𝑅−𝑆𝑆−𝑇𝑇+𝑃𝑃)
+ 𝑃𝑃 (4.3) 

≤⌂╢ ∫≡ ╩ ≢⅝╢ ≤ │  

𝜌𝜌𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚=
𝑆𝑆+𝑇𝑇−2𝑃𝑃

2(𝑅𝑅−𝑆𝑆−𝑇𝑇+𝑃𝑃)
  (4.4) 

⟨𝜋𝜋⟩𝑚𝑚𝑚𝑚𝑚𝑚 = (𝑆𝑆+𝑇𝑇−2𝑃𝑃)2

4(𝑅𝑅−𝑆𝑆−𝑇𝑇+𝑃𝑃)
+ 𝑃𝑃  (4.5) 

≤⌂╢  

 

4.4.2│ Dg = - Dr = 1─≤⅝─ ɟc <ˊ> ≢№╢ ↓─╟℮⌐ ╩ ⅎ⌂™

4.4.2 Dg = -Dr = 1─≤⅝─ ⌐⅔↑╢ Well-mixed╩ ⇔≡

∆╢↓≤⌐╟╡ ↕╣ │ ⌐ ∆╢ 2 ≤⌂╢↓≤⅜ ⅛╢ ∫≡

2R < (S + T)╩ √∆ ≢│☺꜠fiⱴ ↕↔≤⌐ ⅜ ≤⌂╢╟℮⌂ ⅜ 0 

< pc < 1─ ⌐ ∆╢ ⅎ┌↓─ ⅜ ∆╟℮⌐ Dg = -Dr = 1─≤⅝ ⌂

≢№╢ 4R─≤⅝⌐ ╖ ↕╣╢ ╩ ⅎ√ Emax = 4.5⅜ pc = 0.75(

)─≤⅝⌐ ╖ ↕╣╢↓≤⅜╦⅛╢  
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─ ≢│ │ ─ 2 ⌐ ∆╢√╘ ╩ ∆╢ ⅜

0 < 𝜌𝜌𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚─ ⌐ ∆╢ ╕√ ⅜№∫√≤⇔≡╙ ⌐╟╡

⌐│╒╓ ─ ⌐⌂╢ ⌐│ ↓↓≢ ⇔√ ⅜ ∆╢╙─≤ ↕

╣╢ ↓─(4.4) (4.5) ≢ ↕╣╢ ─ ≤☺꜠fiⱴ ↕≤─ ╩ Dg = -Dr = x

≤⇔≡ ∆≤ ≤⌂╢  

𝜌𝜌𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑆𝑆 + 𝑇𝑇 − 2𝑃𝑃

2(𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃) 

=
2𝑥𝑥 + 1

4𝑥𝑥
 

                                             (4.6) 

⟨𝜋𝜋⟩𝑚𝑚𝑚𝑚𝑚𝑚 =
(𝑆𝑆 + 𝑇𝑇 − 2𝑃𝑃)2

4(𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃)
+ 𝑃𝑃 

=
(2𝑥𝑥 + 1)2

32𝑥𝑥
  

         (4.7) 

4.4.3 CHG ⌐⅔↑╢ ─ ≤ ╩ ≢ ⇔√

≤ ≤ ⇔√╙─ ⅜ ⌐╟∫≡ ↕╣√ ─ ≢

⅜∕─ ─ ─ │꜠ⱪꜞ◔כ♃♄▬♫Ⱶ◒☻≢ ↕╣╢

well-mixed─≤⅝─ ỏ≤ẽ│ ◦Ⱶꜙ꜠כ◦ꜛfi─ ≢№╢  



56 
 

⇔ R < ( S + T ) / 2─ ─╖↓─ │ ≢№╢↓≤⌐ ∆╢ ⌂╠ 𝑅𝑅 ≥ (𝑆𝑆 + 𝑇𝑇)/2

≢│ ST ╟╡╙ ™⌐ C╩ ∆ R ⅜ ⌐ ╩ ╖ ∆⅛╠≢№╢  

ST ⌐⅔↑╢ ─ ≤ ⸗♦ꜟ⌐╟╢ ≤╩ ⇔√─⅜ 4.3.3≢№╢

≢│ ≤ ╩ ⇔≡™╢  well-mixed╩ ⇔√꜠ⱪꜞ◔כ♃♄▬♫Ⱶ◒☻⌐

╟∫≡ ⅛╣╢ ⌐⅔↑╢ │ ⌐ 0.5≤⌂╢ ⸗♦ꜟ≢│ │╒╓

─ ⌐ ™ PDG≤ ⌂╡ CHG≢│ ⅜№╢↓≤⅜ C-cluster─ ╩

∆╢ ⅜№╢↓≤⅜ ╠╣≡™╢[106] ↓─↓≤⅛╠ ∆╢≤ │ ST ╩

∆╢ ≢╙ ⌐⌂╢ ⅜№╢⅛╙⇔╣⌂™ ⇔⅛⇔ ⸗♦ꜟ─╟℮⌐

⌐ ⅎ ⌐♩fi▼☺כ◄ 1 ─ ╩ ⇔≡ ─ ⅛╠ ╩ ⌐

∆╢ ╩ ⇔≡╛╣┌ ╒╓ ─ ≢ ST ╩ ≢⅝╢↓≤⅜╦⅛∫

√   

⸗♦ꜟ≢│ ⇔√╟℮⌐ ⌐╟╢Ⱡ♇♩꞉כ◒ ≤ ⌐╟╢

⅜ ╖ ╦↕∫≡ ⇔≡™╢ 4.4.4│ ⸗♦ꜟ─ ◓ꜝⱨ─♩ⱳ꜡☺כ╩

─ Random Regular Graph (RRG)≤∆╢↓≤≢ ⌐ ⌐╟╢ ∞↑╩╖√

╙─≢№╢ │ ≤ ╩ ⇔ ─√╘꜠ⱪꜞ◔כ♃♄▬♫Ⱶ◒☻⌐╟╢

≤ 1bit ⌐╟╢ ─Ⱡ♇♩꞉כ◒ ⌐╟╢∕╣╠≤╩ ⇔

≡™╢ ╕√ Dg=-Dr<0.5≢│ R ∆⌂╦∟ 1⅜ ≤⌂╢ ╩ ∆╢

⅜ ⅝ↄ⌂╡ ─ ⅜ ↕ↄ⌂╢≤ R ⅜ ╕⇔™ ≢╙ 1 ╩

⇔ ⌂ↄ⌂╡ ST ⅜ ╕⇔™ ≢│ ≤⌂╢ ╩ ⅝ↄ ╡

1bit ⌐╟╢ ╩╙ ╢ ─↓≤⅛╠ ⸗♦ꜟ⌐╟╡ CHG⌐⅔™≡ R

≤ ST ⅜ ⌐ ↕╣╢√╘⌐│ ∞↑≢⌂ↄ ─ ⅜ ≢№

╢↓≤⅜╦⅛∫√   
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4.4.4 Random regular graph (RRG) ╩ ™√≤⅝─(a) ≤(b) Ⱡ♇♩꞉כ

◒⅜ ↕╣≡™╢ ─ │ ⌐╟∫≡ ↕╣√ 1 ꜞfi◒ √╡─

╩ ⇔≡™╢ │ well-mixed╩ ⇔√ ≢ ↕╣╢ ≤

꜠ⱪꜞ◔כ♃♄▬♫Ⱶ◒☻⌐╟∫≡ ↕╣╢ RRG◓ꜝⱨ─ ╩ ⅝ↄ⇔

≡™ↄ≤ Ⱡ♇♩꞉כ◒ ─ ⅜ ⇔ well-mixed─ ┼≤ ≠™≡™ↄ≤ ⅎ

∕─ ╩ ╖ ╢↓≤≢ⱷ⸗ꜞכ─ ─╖╩ ∆╢↓≤⅜ ╢  
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⌐ PDG ⌐ ∆╢ ↓─☺꜠fiⱴ◒ꜝ☻≢│ CHG ─╟℮⌐ S ≤ T ╩ ╡ ℮↓≤⅜

╩ ∆╢╦↑≢│⌂ↄ ⌐ ╩ ∆╢↓≤⅜ ⌐≤∫≡ ╙ ╩

╙√╠∆ ⌂Ɽ꜠כ♩≢№╢ PD ⌐⅔↑╢ ─ │≢ⱶכ◕2×2 ☺꜠fiⱴ⅜ ⅝ↄ

⌂╢≤ T≤ S─ ⅜ ⅝ↄ⌂╡ №╢ ─ ⅜№∫√≤⇔≡╙ R ╩ ≢⅝⌂

ↄ⌂∫≡ ⅜ ╡ ⌐ ↕╣≡⇔╕℮ ⸗♦ꜟ⌐╟╢ ╩ ≡╖╢≤  

0 ≤ 𝐷𝐷𝑔𝑔,𝐷𝐷𝑟𝑟 ≤ 1─ PDG ≢╒╓ │ 1 ≤⌂∫≡⅔╡ ⌂Ɽ꜠כ♩ ╩ ⇔≡

™╢  

 ╖≢│≥─╟℮⌐⇔≡☺꜠fiⱴ⅜ ™ ≢ ╩ ⇔≡™╢─∞╤℮⅛

4.4.5⌐ ↕╣≡™╢ Dg = Dr = 1⌐⅔↑╢ Snapshot╩ ≡╖╢ ⅛╠ ⌐ p, q ⌐ ↕

⌂ ≢№╢ D ─ⱪ꜠כꜘכ⅜ ⇔≡⅔╡ ₁⌐ ╡ ┼≤ ⅝ ∑╠╣≡

™∫≡™╢↓≤⅜ ⅛╢ ⇔⅛⇔ 10Step ╩ ⅞√ ╡⅛╠ ₁⌐ p ⅜ כ◄─╘⅝

☺▼fi♩ ╩כ♃☻ꜝ◒≢ ⇔ R ╩ ╡ ∫≡ ╩ ∆╢↓≤≢ ╩ ⇔≡

™ↄ ∕⇔≡ ⅜♩fi▼☺כ◄─≤╪≥╒│⌐ C╩ ∆╟℮⌐⌂╢  

 
↓─ Snapshot ⅛╠╦⅛╢╟℮⌐ ⸗♦ꜟ≢│ ⱪ꜠כꜘכ│ ─ ∫≡™╢

10 50 1 100 500 
A 

B 

1000 

C 

4.4.5 Dg = Dr = 1 (PDG)─ ─☻♫♇ⱪ◦ꜛ♇♩ A⅜ p B⅜ q≢

№╢ C│ ☻♥♇ⱪ⌐ ⱪ꜠כꜘכ⅜≥─ ╩ ∫√─⅛╩ ⇔≡⅔╡ ⅜

⅜ ╡ ╩ ∫√↓≤╩ ∆╢ ⱨ◊כ◌ꜟ 1 ⌐ ⇔≡Ⱡ♇♩꞉כ◒

≢ ↕╣√ │ 4 ™╢⅜ │ⱨ◊כ◌ꜟ 1 ⌐ ⇔≡∕─ ╩ 1 ꜝfi♄ⱶ

⌐ ⇔ ∕─ ⌐ ⇔≡≥─ ╩ ∫√⅛╩ ⇔≡™╢  
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⌐ ≠⅝ ─ ⅛╠ ─ ╩ ∆╢√╘ p⅜ 1 q⅜ 0╟℮⌐ ⅜ ⌐

♩fi▼☺כ◄╢∆ ╩כ♃☻ꜝ◒≢ ⇔⌂ↄ≡╙ p ⅜ ♩fi▼☺כ◄─╘⅝

≢╕≤╕╣┌ C ╩ ⇔ ╩כ♃☻ꜝ◒℮ ∆╢↓≤⅜≢⅝╢ ≈╕╡ ⌂

⌐╟∫≡ │♩fi▼☺כ◄ ⌂ ⅜ ↕╣ C ╩ ⇔ ⅜כ♃☻ꜝ◒℮ ≢⅝

╢ ╩ ⇔≡™╢≤™ⅎ╟℮ ↕╠⌐ ≤⇔≡ p ≤ q─ 2 Ɽꜝⱷכ♃כ╩ ⇔

≡™╢√╘ ⌐ ∆╢ ≤ ⌐ ∆╢ ╩ ™ ↑╢↓≤⅜ ⅝⌂ advantage

≤⇔≡ ∆╢ ∆⌂╦∟ p ╩כ♃☻ꜝ◒─ ⇔≡ ⇔≡™ↄ ⌐ ─כ♃☻ꜝ◒

─כ♃☻ꜝ◒│♩fi▼☺כ◄╢™⌐ ─ ⌐│ C╩ ⇔≡ R╩ ╡ ℮ ≢ ◒

─כ♃☻ꜝ ─ ⌐ ⇔≡│ D╩ ∆↓≤≢ Punishment╩ ⅎ ╠⌐ ⅝⌂ ╩

≤╠∑⌂™↓≤≢ ↓─ ╩כ♃☻ꜝ◒ ⌐⇔≡™╢ PD ≢ ⅜כ♃☻ꜝ◒

⌐ ≢⅝⌂™ │ ⅜ ≤ ⇔√ ⌐ ╩ ≢⅝⌂™ ⅜

№╢⅛╠≢№╢⅜ ⸗♦ꜟ─╟℮⌐ ⅜№╣┌ ╡ ⅛ ⅛ ─

⌐ ∂√ ─ ™ ↑⌐╟∫≡ ╠╣√≤⅝─◖☻♩╩ ↕∑╢↓≤⅜≢⅝╢ ↓╣

⌐╟╡ ☺꜠fiⱴ⅜ ™ ≢╙ C ─ ⅜ ≤⌂╢ ↓↓≢ ⅜ ⌐

∆╢√╘⌐│ q─ ⅜ 0≢│⌂™↓≤⅜ ⌐ ≢№╢ ⸗♦ꜟ≢│ ⌐ ⅜

↕╣╢√╘ p ⅜ ⅝╘─ ─ ╩ ⇔≡™╢ⱪ꜠כꜘכ≢╙ p ⅜ ⌐ 1 ≢⌂™

╡╕╣⌐ ⌐ ⇔≡ ╡ ╩ ╢ ⅜№╢ ∕─ ⌐ ─ q ⅜ 0 ≢№╢≤

╡⅜ ╡─ ╩ ┬↓≤⌐⌂╢ 4.4.1 ╩ ╢≤ 0 ≤ 𝐷𝐷𝑔𝑔,𝐷𝐷𝑟𝑟 ≤ 1─ ≢│ q │

0.2 – 0.45 ⌐ ⇔≡⅔╡ │ ─ ╡⌐ ⇔≡ ╡ ⇔≡ ╩ ⅎ

╢─≢│⌂ↄ ╩ ∆╢↓≤╩ ℮ ⌐ ⇔≡™╢≤ ⅎ╢ ↓─ ─

│ TFT⅜ ⇔≡™√ ─ ≡∫⌂≥כ●ꜞ♩⅜ ⅜ ╡ ⌐ ∫≡⇔╕

℮≤ ∫√ ╩ ∆╢╙─≤⌂∫≡™╢ 4.4.6╩ ╢≤ ⅛╢╟℮⌐ ↕╠⌐☺꜠fi

ⱴ⅜ ↄ⌂╢≤ Dg=Dr>1 S ╩≤╠↕╣√ ─ ╩ ←√╘⌐ q ─ ⅜ ↕ↄ⌂╢

┼ ∆⌂╦∟ ⌂ ┼≤ ⇔≡™ↄ√╘ ⌐ │ ∆╢  ≤│™∫

≡╙ ⌐☺꜠fiⱴ─ ™ Dg = Dr = 5≢╙ │ 0.5 ╩ ⇔≡™╢   
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4.5. 結論 

 Square Lattice ─ ⱪ꜠כꜘכ⌐ 2 ≢ ↕╣╢ 1 ╩ ∆╢ ⸗ⱶכ◕

♦ꜟ╩ ⇔√ │♩fi▼☺כ◄ ─ ⅛╣√ ☺꜠fiⱴ◒ꜝ☻ ⌐ ∂≡ ∆ ╩

ⅎ ⌐ ⅝⌂☺꜠fiⱴ ≢╙ ™ ╩ ∆╢ ⅜ ∆╢↓≤⅜

↕╣√  

C ≤ D ╩ ⌐ ⇔ ∫≡ ST ╩ ╢↓≤⅜ ╕⇔™♅◐fi◕כⱶ─ ≢│ ⸗

♦ꜟ⌐╟╡ ⅛╠ ⅛╣╢ ─ ⌐╒╓ ⇔™ ™ ╩ ≢⅝╢

↓─ ⌂ │ ⌐╟╢Ⱡ♇♩꞉כ◒ ≤ ⌐╟╢ ⅜

≤⌂∫≡ ╩ ∆╢↓≤⅛╠╙√╠↕╣╢  

⌐ C╩ ⇔ ∫≡ R ╩ ╢↓≤⅜ ╕⇔™ PD◕כⱶ─ ≢│ ─Ⱡ♇♩꞉

◒כ ⸗♦ꜟ≢ ↕╣≡⅝√☺꜠fiⱴ╟╡ ⅛⌐ ™ ≢╙ ⸗♦ꜟ⌐╟╡

⅜ ↕╣╢ ↓╣│ 1 ⌐╟╡ ─כ♃☻ꜝ◒ ⌐™╢ ⅜

⅜ ⅛ ╡ ⅛⌐ ∂≡ ╩ ⇔ ↑╠╣╢↓≤⅜ ⅝ↄ ⇔≡™╢ ╕√

≢ ↕╣√ ⱪ꜡ⱨ□▬ꜟ─ ─ ╩ ≡╖╢≤ ≤⇔≡

⌂ TFT ⅜ⱡ▬☼⌐ ⇔≡ ≢№╢ ╩ ⇔√╟℮⌂ ≤⌂∫√    

Tanimoto & Sagara [103]─ ⅛╠ ∆╢≤ ⌂ ST ⌐│ 2 ⌐╟╢

⅜ ≢№╢≤ ╦╣╢⅜ ⸗♦ꜟ─╟℮⌐ ╩ ⇔ ⌐╟╡

4.4.6 ─☺꜠fiⱴ◕כⱶ⌐⅔↑╢ ─ ”pay” ”ρc” p

q Dg = Dr = 1╩ ⅎ√ ╡⅛╠ p⅜ ₁⌐ 1⅛╠ ⇔≡™ↄ ∕╣⌐ ∫≡ ≤

⅜ ⅝ↄ ⇔ ╘╢ ⇔⅛⇔⌂⅜╠ Dg = Dr = 5─╟℮⌂ ╘≡☺꜠fiⱴ─ ™

⌐⅔™≡╙№╢ ─ ⅜ ≢⅝≡™╢  
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⌂ ⅜ ≢⅝╢─⌂╠┌ 1 ≢ ≢№╢↓≤⅜╦⅛∫√  

 ↓─ │ ─ ╩≥╣∞↑ ↑≡™╢⅛╩ ∆╢√╘ ⱨ▼ꜟⱵ ─

╩ ∆╢↓≤≢ ─ꜝfi♄ⱶⱠ☻╩ ↕∑≡ ─◦Ⱶꜙ꜠כ◦ꜛfi╩

∫√⅜ ⌂ ⌐│ ⅝⌂ ™│ ╣⌂⅛∫√ ↕╠⌐ ◖Ⱨכⱡ▬☼─ ╩ ⇔

√ ↓─ │╒≤╪≥⌂⅛∫√ ∫≡ ⌐⅔™≡│ⱡ▬☼─ ╛ ⌐

↕╣╢ꜝfi♄ⱶ ╟╡╙ ⌐ ≠™≡ ⌐ ╩ ∆╢↓≤⅜ ╢↓≤⌐

╢ ⱪ꜠כꜘכ─ ─ ─ ⅜ ╩ ∆╢√╘─ ╢ ™╩◘ⱳכ

♩∆╢ ≢ ⅛⌐ ⅝⌂ ╩ ∫≡™╢≤™ⅎ╢  
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5. 混合戦略モデルにおける戦略更新方法に内包される

確率的揺らぎと協調創発の関係 
5.1. 研究背景と着眼点 

ⱶכ◕ ⌐ ≠™√◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ╩ ⇔ ─☺꜠fiⱴ◕כⱶ⌐⅔™

≡≥─╟℮⌂ ⅜ ⌐ ⇔≡™╢─⅛╩ ∆╢ ≢│Miyaji╠[107]⅜

⇔√ ╩ ⌐ ╢↑⅔⌐ꜟ♦⸗ⱶכ◕ ─ ⅜ ─ ─

⌐ ⅎ╢ ╩ ∆╢  ♄▬♫Ⱶ◒☻⌐⅔↑╢ ⱪ꜡☿☻≢│

⌂ ╩ ⇔√╙─⅜ ≢№╢ ≢│ ─ ⅜ ⌐ ⅝⌂

╩ ⅎ╢↓≤⅜ ⅛∫≡⅔╡ ≢╙ ⅛ ∆═⅝ ⅜ ∂╢ ⅜

№╢ ≢│ ╢↑⅔⌐☻◒ⱶ♄▬♫Ⱶכ◕ │ ⌐⅔™≡≥─╟℮⌂

╩ ╓∆─⅛╩ ∆╢  

 

5.2. 研究概要 

ⱪ꜠כꜘכ⌐ ╩ ⇔√ 2×2 ╛ⱶכ◕ ⱷ⸗ꜞכ╩ ⇔√ ≢ⱶכ◕2×2

│ ⱪ꜠כꜘכ│ ⌂ ⅜ ≤⌂╡ ∕╣⌐╟∫≡ ⅜◄fiⱢfi☻↕╣╢↓≤⅜

⅛∫≡™╢ ≢│ ↓℮™∫√ ⌂ ╩ ─ꜟ♦⸗ⱶכ◕╢∆⌐ ≈

2×2 ≡™≈⌐ⱶכ◕ ⇔ↄ ∆╢ ─ 2×2 │≡™⅔⌐ⱶכ◕ ─

╩ ℮ ⱪ꜡☿☻⌐ ⅎ ─ ∆╢ ⌐ ≠™≡ offer, action, behavior

╩ ∆╢ⱪ꜡☿☻⅜№╢ ─♃▬Ⱶfi◓╩ ∆╢ │ synchronous update

≤ asynchronous update ─ №╡ ╢↑⅔⌐ⱶכ◕ ⱪ꜡☿☻⌐ ⇔≡

╙ ⌐ ∆╢ ⅜№╢ ≢│ ↓─ ⅜ synchronous⅛ asynchronous

⅛≤™℮ ⌐ ∆╢ ╝╠⅞ stochastic perturbation ⅜ ⌂ ─ ⌐ ⅝ↄ

∆╢↓≤╩ ╠⅛⌐⇔√ ⌐ synchronous⌐ ⅜ ╦╣╢ ⅜

⅝ↄ⌂╢╒≥ ┼≤ ∆╢↓≤╩ ⇔√  

 

5.3. モデル 

5.3.1. 2×2 ゲーム 

╩ⱶכ◕2×2 ⸗♦ꜟ≤⇔≡ ™╢ ♩fi▼☺כ◄│≢ i│ 0⅛╠ 1─ ─
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≢ ↕╣√ si╩ ∆╢ ≢│ si│◄כ☺▼fi♩ i⅜ C ╩≤╢

╩ ∆ ∫≡ si = 1─≤⅝ ♩fi▼☺כ◄ i│ ⌐ ∆╢ si = 0─≤⅝

⌐ ╢ ╩ ∆  Dg = T – R Dr = P – S≤⇔ ─√╘ R = 1⅛≈ P = 0≤∆╢↓

≤≢ │ 

�𝑅𝑅 𝑆𝑆
𝑇𝑇 𝑃𝑃� = �

1 −𝐷𝐷𝑟𝑟
1 + 𝐷𝐷𝑔𝑔 0 � (5.1) 

≤ ⅝ ∑╢ ≢│ T > R > P > SӜ 2R > T + S╩ √∆0 ≤ 𝐷𝐷𝑔𝑔 ≤ 1 ⅛≈ 0 ≤ 𝐷𝐷𝑟𝑟 ≤ 1≢№

╢ ─☺꜠fiⱴ◕כⱶ╩ ∆╢   

 

5.3.2. ネットワーク 

ⱶכ◕⅜♩fi▼☺כ◄ ╩ ℮ ╩ ∆╢ Ⱡ♇♩꞉כ◒≤⇔≡ k ─

◒כⱠ♇♩꞉☻▫♥ꜝכꜝꜙ◑꜠─ ◓ꜝⱨ ╩ ™╢   

 

5.3.3. 戦略更新と行動更新 

─ⱶכ◕ Ⱡ♇♩꞉כ◒≢ ↕╣√ ╩ⱶכ◕≥ ℮ fi▼☺כ◄

♩│ ─ ∆╢ ( )⌐ ∂≡ ─ ╩ ∆╢ ⅜№╢ ╩ ∆╢♃▬Ⱶ

fi◓│◦fi◒꜡ synchronous process for updating action ≤ ▪◦fi◒꜡

(asynchronous process for updating action)─ ╡ ⅎ╠╣╢ ◦fi◒꜡ ─

№╢ ☻♥♇ⱪ≢ ⅜♩fi▼☺כ◄ ⌐ ─ ≈ si ⌐ ∂√ ⌐ ≠⅝ ╩

⇔ ∕─ ╩ ™≡ ╩ⱶכ◕─≥ ™ ╩ ∆╢ ▪◦fi◒꜡ ─

☻♥♇ⱪ ⌐ ⱨ◊כ◌ꜟ│ ↔≤⌐ ─ ╩ ─ ≈ ⌐ ≠⅝

∆╢ ≈╕╡ ◦fi◒꜡ ─ │ C ╕√│ D ╩ ∆⅛─ ⅜☻♥♇ⱪ

⌐ ╦╣╢─⌐ ⇔≡ ▪◦fi◒꜡ ─ ∕╣╟╡╙↕╠⌐ ⅛™ ∆⌂╦

∟ ⌐ ⅜ ↕╣╢  

ⱪ꜡ⱨ□▬ꜟ si ╩ ∆╢ ⌐╙◦fi◒꜡ ≤▪◦fi◒꜡ ⅜№╢

─♩fi▼☺כ◄ │ ⅜◦fi◒꜡ ≤▪◦fi◒꜡ ⅛⌐╟∫≡ ⌂

╢ ◦fi◒꜡ ─ │ⱶכ◕ ─╟℮⌐ ╡ ⇔ ↕╣╢ ♩fi▼☺כ◄∏╕ i⅜

≤ ⇔ ˊi╩ ∆╢ ⌐⇔≡ ─╣∙╣⧵⅜♩fi▼☺כ◄ ╩ⱶכ◕≥

™ ⅜ ↕╣╢ ↓─≤⅝ ╢≥⅜♩fi▼☺כ◄ ─ C╕√│ D│ ─

≢ ↕╣╢≤∆╢ ⌐ ⅜♩fi▼☺כ◄ ⌐ ⌐ ≠™≡ s╩ ∆╢  
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▪◦fi◒꜡ ─ ⅛╠ꜝfi♄ⱶ⌐ⱨ◊כ◄ꜟ◌כ☺▼fi♩ i╩ ∆╢ ⱨ◊

ꜟ◌כ i≤∕─ ─ ╩ ⇔ ⌐ ≠™≡ ╩ ℮ ⌐⇔≡ ─

ⱨ◊כ◌ꜟ i╩ꜝfi♄ⱶ ⇔ ↓─ ╩ ⌐♩fi▼☺כ◄ ⇔≡ ╡ ∆  

≢│ ≤⇔≡ Imitation Max (IM)╩ ™╢  

 

5.3.4. シミュレーション設定 

◦Ⱶꜙ꜠כ◦ꜛfi│ ─╟℮⌐ ╘╠╣╢ ╕∏ ⌐♩fi▼☺כ◄ si ⅜ꜝfi♄ⱶ

⌐ ↕╣╢ C ╕√│ D ╩≥─╟℮⌐ ∆╢⅛│ ─™∏╣⅛─ⱪ꜡☿☻⌐╟╢

⌐ ╢╕≢◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔ 100 ☻♥♇ⱪ─ ╩

≤⇔≡ ╢ │≢ⱶכ◕ ⌐ C╕√│ D⅜ ↕╣╢√╘ ☻♥♇

ⱪ ≢№∫≡ ╩ ∆╢ ⅜№╢ ∕↓≢ │ ☻♥♇ⱪ⌐⅔↑╢ ╩

⌐ ╢√╘ ⅜♩fi▼☺כ◄ ─№╢ j ⌐≤∫√ ─ ─ ╩

≤⇔≡ ╢ ╩ ∆╢√╘ ☺꜠fiⱴ ↕ 100 ⇔√ ╩

∆  

 

5.4. 結果と考察 

╘⌐ │ ≤ ═≡≥℮™∫√ ™⅜№╢─⅛╩ ∆╢

5.4.1⌐ (si = 0 or 1─◄כ☺▼fi♩─╖ ∆╢ ) ∕╣∙╣─

╩ ™√≤⅝─ ╩ ∆ │ k = 8≢№╢ ⌂⅔ ≢│ asynchronous process 

for updating offer ⌐╟∫≡™╢ ╩ ™√ ─ ╟╡╙ ⅜

enhance↕╣╢↓≤⅜ ⅛╢ ─ │ ⌂ ⌐ ≠™≡ ⌐ ─

╩ ∆╢√╘ №╢◄Ⱨ♁כ◄╢№≡™⅔⌐♪כ☺▼fi♩⅜ ⇔√ ╩ ╡ ↑

╢≤│ ╠⌂™ ─ │≢ⱶכ◕ ⅜♩fi▼☺כ◄ ╡℮╢ │ C◄כ☺

▼fi♩─ R⅛ S D◄כ☺▼fi♩─ T⅛ P─ ╡≢№╢─⌐ ⇔

≢│ cooperator≢№∫≡╙ defector≢№∫≡╙ P R S T∆═≡─ ╩ ╢ ⅜№╢

↓─ ─ ⌐╟∫≡ C ⅜♩fi▼☺כ◄ ⌐ D ─≥♩fi▼☺כ◄ ⅜╡⌐╟∫

≡ S ╩≤╠↕╣ ⅜ ∆╢≤™℮ │ ↕╣╢ ↓─ ⌐╟╡

─ ╟╡╙ ⅜◄fiⱢfi☻↕╣╢  
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Discrete Mixed 

sy
nc

hr
on

ou
s 

as
yn

ch
ro

no
us

 

0 

0.5 

1 

Dr Dr 

Dr Dr 

Dg 

Dg 

Dg 

Dg 

0 
0 0 0 

0 0 0 
0 

1 

1 1 

1 

1 1 

1 1 

5.4.1 ≤ ⌐⅔↑╢ ─ Ⱡ♇♩꞉כ◒│

8 ─ꜝ♥▫☻≢№╢ ≈─◓ꜝⱨ│ ⱪ꜡☿☻⅜◦fi◒꜡─ ─ ≈│

⅜▪◦fi◒꜡⌐ ╦╣√≤⅝─ ╩ ⇔≡™╢ ⌐⅔↑╢ ꜟ

꜡◒fi◦▪│ꜟכ ╩ ™≡™╢  

   

1 2 3 11 6 4 

1 3 8 21 5 101 

(a) Discrete 

(b) Mixed 

5.4.2 ◓ꜝⱨ ⅜♩fi▼☺כ◄─ ⌐ ™√ ─ ╩ ∫

╩♩fi▼☺כ◄√ ╡ ╩ ╩♩fi▼☺כ◄√∫ ≢ ⇔≡™╢☺꜠fiⱴ ↕│

Dg = 0 Dr = 0.8≢№╢ ⱤⱠꜟ(a)│ (b)│ ─ ─☻♫♇ⱪ◦ꜛ

♇♩≢№╢ ⌐⅔↑╢ ꜡◒fi◦▪│ꜟכꜟ ╩ ™≡™╢  
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↓╣╩ ∆╢√╘⌐ 5.4.2⌐ ∆☻♫♇ⱪ◦ꜛ♇♩╩ ≡╖╢ Pure⌂ C ⅛ D─╖⅜

↕╣╢ ─ ☺꜠fiⱴ⅜ ™ │ ◄Ⱨ♁כ♪ ⌐ C ♩fi▼☺כ◄

⅜ T╩ ╢ D◄כ☺▼fi♩⌐ ⌐ ↕╣ C◒ꜝ☻♃כ╩ ∆╢↓≤⅜≢⅝∏

⇔≡™ↄ↓≤⅜ ⌂™ 5.4.2(a) ⇔⅛⇔ ─ │ ↄ─◄כ☺▼fi♩─ ⅜

⌐ ╡ ╦╢√╘ D ⅜╖─♩fi▼☺כ◄─ ⌐ ⌐⌂╢↓≤│⌂™

─☻♥♇ⱪ╩ ⅎ ↄ↓≤⅜≢⅝╣┌™ↄ≈⅛ C ╩כ♃☻ꜝ◒ ∆╢↓≤⅜≢⅝

⌐│№╢ ─ ╩ ≢⅝╢ 5.4.2(b) ≈╕╡ ╩ ™╢↓≤≢ ─ D

⅜♩fi▼☺כ◄ ⇔≡™⅝ C ⅜כ♃☻ꜝ◒ D ─╠⅛♩fi▼☺כ◄ ⌐ ⅎ╢

⅜№╢ Enduring Period (END)[108]⌐⅔™≡ D≤⌂╢ ⌐ ↕╣╢ ⅜ ↕╣

≡™╢≤™ⅎ╢ ╕√ ─ ∆⌂╦∟ ╩◦fi◒꜡⌐ ℮⅛▪

◦fi◒꜡⌐ ℮⅛│ ─ ⌐ ⅝⌂ ╩ ⅎ⌂™ ╩≥─╟℮⌐ ℮⅛≤™

℮─│ ⱶכ◕ ⌐ ╩≥─ ∆╢⅛≤™℮↓≤≢№╢ 2×2 כ◕

ⱶ≢│ ╩ ─♩fi▼☺כ◄ ≈ ⌐ ∂√ ≢ ℮√╘ ⱶכ◕ ⌐ ⅝⌂

⅜∆≢⌐ ⇔≡⅔╡ ╩≥─╟℮⌐ ℮⅛≤™℮↓≤≢ ⱶⱪכ◕╢∂

꜡☿☻ ┼─ ─ │ ⌂ ⌐ ⇔ ⅝⌂ ╩ √⌂™

─ ╩▪◦fi◒꜡⌐ ℮↓≤≢ ⌐ │╛╛ ∆╢╙── Dr⅜

ↄ⌂∫√ ≢ ⅜╦∏⅛⌐◄fiⱢfi☻↕╣╢ 2×2 ─ⱶכ◕ ⱶⱪכ◕

꜡☿☻ ⌐ ∆╢ │ ─ ─ ─╖⌐ ↕╣╢

─ ⅜▪◦fi◒꜡⌐ ⌐ⱶכ◕≢≥↓╢╣╦ ⅜ ↕╣

─ ↓╣⌐╟∫≡ D ⅜♩fi▼☺כ◄ ⌐ ∆╢↓≤╩ ⅞ C כ◄

☺▼fi♩─ ⅜◘ⱳכ♩↕╣╢─≢№╢ ≢▪◦fi◒꜡⌐ ╩ ∫√

╛ 2×2 ⌐℮╟─ⱶכ◕ ⌐☻☿꜡ⱶⱪכ◕╩ ∆╢≤ ☺꜠fiⱴ

≢№╢ ─ ⅜ ≢⅝╢⅜ ⌂ ┼≤ ⇔⌐ↄↄ⌂╢ ⱶכ◕│╣↓

⌐ ∆╢ꜝfi♄ⱶⱠ☻⅜ ⅝ↄ⌂╢√╘ ⌐ C ⅜♩fi▼☺כ◄ ⅝ ╢≤│ ╠⌂ↄ

⌂╢√╘≢№╢ ↓─╟℮⌐ ╢↑⅔⌐☻☿꜡ⱶⱪכ◕ ─ │ ─ ⌐ ⅝

⌂ ╩ ╓∆↓≤⅜ ⅛∫√  

⌐ ≢─ ─≢ⱶכ◕2×2 ─ ™╩ ⇔ↄ ≡™ↄ │

─ ╩ ⌐ ≠™≡ ∆╢ ⌐ ╡─ ♃▬Ⱶfi◓⅜ ≢⅝╢

↓↓≢│ ⌐⅔™≡ ─ꜟכꜟ ™│ ─ ⌐≥℮ ∆╢⅛

╩ ≡™ↄ ╕√ ─ ≢ │≢ⱶכ◕2×2 ∆⌂╦∟ ⅜◦fi
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◒꜡⅛▪◦fi◒꜡│ ⅝⌂ ⅜⌂™↓≤⅜ ↕╣√√╘ │◦fi◒꜡⌐ ∆╢

↓≤≤∆╢  

 
5.4.3⌐▪◦fi◒꜡ ꜟכꜟ ◦fi◒꜡ ─╣∙╣⧵ꜟכꜟ ─

╩ ∆ ╠⅛⌐ ─ꜟכꜟ ™⌐╟∫≡ ⌐ ⅝⌂ ™⅜ ╣≡™╢↓≤⅜

≡ ╣╢ ⌐ ◦fi◒꜡ ╩ꜟכꜟ ™√ ▪◦fi◒꜡ ╩ꜟכꜟ

™√ ╟╡╙ ⅜ ⇔ↄ enhance↕╣≡™╢ ↓↓≢ ∆═⅝ │ ▪◦fi◒꜡

╩ꜟכꜟ ™╢≤ ⅜ ⅝ↄ⌂╢╒≥ ⅜ enhance↕╣╢≤™℮ ≢№

╢ Ⱡ♇♩꞉כ◒ ─ │ Ⱡ♇♩꞉כ◒╩ ∆╢↓≤≢ ⇔√ ⅜╡╩ ╡ ⇔

╩ ↕∑╢↓≤ ∆⌂╦∟ ─ ≢№╢ ─ │ well-mixed─

┼─ ╩ ⇔ PDG ⌐⅔™≡│ ╩ ╡ ┼≤ ↕∑╢↓≤│ ╠⅛

≢№╢ ∫≡ ─ ⌐ ∫≡ ⅜ ☺꜠fiⱴ ⌐⅔™≡ ≢⅝⌂ↄ⌂╢≤

™℮ ⅜ ↕╣╢ Asynchronous offer-update─ │ ─ ≢ⱶכ◕2×2

↕╣╢ ≤ ─ ╩ ⇔≡™╢≤™ⅎ╢⅜ Synchronous offer-update─ │∕╣≤

│ ∆╢╙─≢№╡ ╘≡ ™╙─≢№╢≤ ⅎ╢  

 

1 1 1 1 

1 1 1 1 

Asynchronous process for updating 

Synchronous process for updating action 

0 

0.5 

1 

Dr 

Dg 

0 
0 

1 

Dr 

Dg 

0 
0 

1 

Dr 

Dg 

0 
0 

1 

Dr 

Dg 

0 
0 

1 

Dr 

Dg 

0 
0 

1 

Dr 

Dg 

0 
0 

1 

Dr 

Dg 

0 
0 

1 

Dr 

Dg 

0 
0 

1 

5.4.3 ⸗♦ꜟ⌐⅔↑╢ │ ⅛╠ ⌐ k = 8 12 24 48≢№

╢ ─ⱤⱠꜟ│▪◦fi◒꜡ ─ⱤⱠꜟ│◦fi◒꜡ ─ ─

≢№╢ │∆═≡◦fi◒꜡ ≤⇔≡™╢  
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╩ ™╢ ≥℮⇔≡ ℮™≥⅛꜡◒fi◒꜡⅛▪◦fi◦⅜ꜟכꜟ ⅜

⌂ ─ ⌐ ⅝⌂ ╩ ⅎ╢─∞╤℮⅛ ☻♫♇ⱪ◦ꜛ♇♩╩ ≡ ⇔ↄ ⇔

1 2 3 6 

11 51 101 

5 4 

1801 501 21 

0 

0.4 

0.6 

0.8 

1 

0.2 

(a) k = 8 

(b) k = 192 

1 2 3 6 

7 9 10 

5 4 

21 11 8 

0 

0.4 

0.6 

0.8 

1 

0.2 

5.4.4 (a) k = 8≤(b) k = 192─≤⅝─ ─♩fi▼☺כ◄ ∆╢ si─☻♫♇ⱪ◦

ꜛ♇♩ ◦fi◒꜡ ╩ ™≡™╢ ⅜ ⅝™╒≥ ≤ ⅜

™  
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≡™ↄ 5.4.4⌐ ∆ regular lattice k = 8─ ─◦fi◒꜡ ─ꜟכꜟ ─☻♫♇

ⱪ◦ꜛ♇♩╩ ╢≤ ⌐ D ⅜♩fi▼☺כ◄ C ╩♩fi▼☺כ◄ ⇔≡ ↄ ⅜

⅛╢ ∕⇔≡ ⅝ ∫√ C ⅜כ♃☻ꜝ◒ ╡ ⇔ ⅜∫≡™ↄ ↓─╟℮⌐ ⌐

⇔ↄ ⅜ ⇔√ ┘ ⌐ ∂╢≤™℮ ─ⱷ◌♬☼ⱶ│ Shigaki ╠[108]

⅜ ⇔√ END≤ EXP⌐ ∆╢ ≤ ⅜╖╠╣╢ 5.4.5 ⌐ ╘ ╕╣√ C

⌐◓fi♩⅜◒ꜝ☻♃ꜞfi▼☺כ◄ ⇔≡ ⅜∫≡™ↄ≤™℮ │ ─╖⌂╠

∏ ╙≡™⅔⌐ⱶכ◕2×2 ↕╣╢ ⌂ ≢№╢↓≤⅜╦⅛╢  

 

↓─ 5.4.6(a1)⌐ ─♩fi▼☺כ◄∆ ∆╢ ≤ ─ ╩ ╢≤ ◄Ⱨ

♪כ♁ ⌐⅔™≡│ ≤ ⌐ ╠⅛⌂ ⅜⌂™╙── ◄Ⱨ♁כ♪ ≢│

─ ⅝⌂╟╡ ⅜℮╒─♩fi▼☺כ◄ ↄ─ ╩ ⇔≡™╢≤™℮

⅜ ╖ ╣╢ PD ≢│ ⅜ כ♃☻ꜝ◒™ ─╒℮⅜ ╩ ™≡ ⌐ ╩

≢⅝╢√╘ 5.4.1. ⅜ ⅜כ♃☻ꜝ◒™ ◒ꜝ☻♃ꜞfi◓⌐ ∆

╣┌ ⌐ ≢⅝╢─≢№╢ ◄Ⱨ♁כ♪ ⌐│ ≤ ─♩fi▼☺כ◄

∆╢ ⌐ ⅝⌂ │ ∂⌂™⅜ │ ◄Ⱨ♁כ♪╩ ⇔≡ ⌐╟

5.4.5 Shigaki╠[108]⅜ ⇔√ Homogeneous⌂Ⱡ♇♩꞉כ◒ ⌐⅔↑╢ ─

╖ ⌐⅔™≡ ⌐ Enduring (END)≤ ┌╣╢ ⅜ ⌐

∆╢ ⅜ ∆╢ ∕╣╩ ⅎ⇔─™∞ Expanding (EXP)≤ ┌╣╢ Phase ⌐

⇔ ⅜כ♃☻ꜝ◒ ∆╢  
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∫≡ ╠⅛⌂ ⅜ ∂╢( 5.4.6(a2)) ⅜ ⅝ↄ⌂╢≤ ↓℮™∫√ │╟╡ ⌐

╣╢ ( 5.4.6(b1)(b2))  

 

⅜ ⅝™≤∕─ ↄ─ ╢∆╩ⱶכ◕≥ ⅜№╢ ─

⅜ ⅝™ ≢ PD ╩ⱶכ◕ ℮≤ T ╩ ╢ ⅜♩fi▼☺כ◄╡ ╘≡ ™ ╩

⇔ ╡ ┼≤ ⌐ ↕╣╢ │≢ⱶכ◕ ⌐♩fi▼☺כ◄ ↕╣

√ ⌐ ∂√ ≢ ⅜ ₁ ↕╣╢ ∆⌂╦∟ C ╙⌐╢№≢♩fi▼☺כ◄─

╦╠∏ D ╩ ™╢≤™℮ ⅜ ⌐ ∂╢ ↓─ ◦fi◒꜡ כꜟ

ꜟ╩ ™√ ─ ╩ ⇔≡™╢⌐╙⅛⅛╦╠∏ Ⱡ♇♩꞉כ◒≢ ↕╣√

≤ D ╩ⱶכ◕≡⇔≥♩fi▼☺כ◄ ™ ™ ╩ ∆╢↓≤⅜ כ◄╢

☺▼fi♩⅜ ╣╢ ⅜ ⅝™ ≤⇔≡ IM╩ ™≡™╢≤ ☻♥♇

ⱪ≢ ⅜ ∆╢ │ ⌐ ⅝ↄ⌂╢√╘ ╩ ⇔√ D ◄כ☺▼fi♩≤⇔

─≥↔כ♃☻ꜝ◒ 5.4.6 ≤ 5.4.4 ⌐ ⇔≡™╢ ≈

⅜ k = 8─≤⅝ ≈⅜ k = 192─≤⅝─ ≢№╢ ⅜ ↄ⌂╢≤ ⅜

∆╢  
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≡ ╩ ⇔√ ⅜♩fi▼☺כ◄ ╩כ♃☻ꜝ◒⌂ ⌐ ∆╢↓≤⅜≢⅝╢

↓℮™∫√ⱷ◌♬☼ⱶ⌐╟∫≡ ◦fi◒꜡ ─ │ ≢╙ ⅜ ⅝

╢↓≤⅜≢⅝╢─≢№╢ ⅜ ↕™ ╙ ─ │ ↓╡ ╢ ⇔⅛⇔

⅜ ↕™≤ ≢ ─♩fi▼☺כ◄╢∆ ╩ ↑╛∆ↄ ⌐╟╢

⌂ ─ ⅜ ∂⌐ↄ™ ∕─√╘ ⅜ ⅝™ ─ ╒≥ ⅜◄fiⱢ

fi☻↕╣⌂™  

⌐⅔™≡◦fi◒꜡ ╩ ™√≤⇔≡╙ ⌂ↄ ⅜ ↕╣╢╦↑≢

│⌂ↄ ⅜ ∆╢ 5.4.7│ Ⱡ♇♩꞉כ◒─ ≤ ─ ╩ ⇔≡

™╢ ╖╩ ™√ k = 48 ⌐ ─ ⅜ ∆╢ ↓╣│☺꜠fiⱴ ↕

⌐ ╠∏ ⌐ ↕╣╢Ⱨכ◒ ≢№╢ ⇔⅛⇔⌂⅜╠ ⅜ ∆╢ │ ╘≡

╛⅛≢№╡ 5.4.4 ≢ ⇔√ k = 192─╟℮⌐ ╙≡∫№≢☻כ◔─ ⌐

╢ ╙№╢ √∞ ∕─╟℮⌂ ⅜ ≢⅝╢ │ ─ ⌐ ∫≡ ₁⌐

∆╢  

 

▪◦fi◒꜡ ─ ⱨ◊כ◄ꜟ◌כ☺▼fi♩│ ⌐ ╩ ∆╢√╘

◦fi◒꜡ ╩ ℮ ─╟℮⌐ ⌂ ─ ⅝ ╖⅜ ↓╡⌐ↄↄ ≢№

╢≤™℮↓≤ ⌐ ╩◄fiⱢfi☻∆╢ │⌂™ ∕╣ ◦fi◒꜡ ╟╡

5.4.7 ɟc≤ Ⱡ♇♩꞉כ◒─ k─ ☺꜠fiⱴ ↕│ Dg = Dr = 0.3

≢№╢ k = 48 ⌐ ─Ⱨכ◒ ⅜ ∆╢  
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╙ ⅜◄fiⱢfi☻↕╣⌂™ ╩◦fi◒꜡⌐ ℮⅛▪◦fi◒꜡⌐ ℮⅛≤™℮↓≤

╢↑⅔⌐ⱶכ◕│ ⌂ ╩≥─ ⌐ ∆╢⅛─ ™≢№╡ ≢ ≡ №╢☻

♥♇ⱪ⌐⅔↑╢ C ╩ ≥♩fi▼☺כ◄╢ D ╩ ─♩fi▼☺כ◄╢ ⅜∕╣⌐╟∫

≡ ╦╢╦↑≢│⌂™ ⇔⅛⇔ ≢─ ⅛╠ ↓─╟℮⌂ ─ ─ ─

™⅜ ⌂ ⌐ ⅝⌂ ™╩ ∂↕∑╢↓≤⅜ ⅛∫√  

 

5.4.1. （補足）均衡協調率と平均利得の関係 

⅜☼▬◘כ♃☻ꜝ◒ ⌐ ⅝™≤⅝ ─כ♃☻ꜝ◒ ⅜♩fi▼☺כ◄╢™⌐ ╠╣╢

│ Mean Field Approximation ≢ ⅜ ≢№╢ sx ҿ [0, 1]

╩ ♩fi▼☺כ◄╢∆ ≡™⅔⌐כ♃☻ꜝ◒─ ↕╣╢ │ 

⟨𝜋𝜋⟩ = 𝑠𝑠𝑥𝑥2𝑅𝑅 + 𝑠𝑠𝑥𝑥(1 − 𝑠𝑠𝑥𝑥)𝑠𝑠𝑥𝑥 + (1 − 𝑠𝑠𝑥𝑥)𝑠𝑠𝑥𝑥𝑇𝑇 + (1 − 𝑠𝑠𝑥𝑥)2𝑃𝑃 

= (𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃)𝑠𝑠𝑥𝑥2 + (𝑆𝑆 + 𝑇𝑇 − 2𝑃𝑃)𝑠𝑠𝑥𝑥 + 𝑃𝑃 

= (𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃) �𝑠𝑠𝑥𝑥 +
𝑆𝑆 + 𝑇𝑇 − 2𝑃𝑃

2(𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃)�
2

−
(𝑆𝑆 + 𝑇𝑇 − 2𝑃𝑃)2

4(𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃) + 𝑃𝑃        

          (5.2) 

sx⌐ ∆╢ ╩≤╢≤ 
𝑑𝑑⟨𝜋𝜋⟩
𝑑𝑑𝑠𝑠𝑥𝑥

= 2(𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃)𝑠𝑠𝑥𝑥 + 𝑆𝑆 + 𝑇𝑇 − 𝑃𝑃.   (5.3) 
𝑑𝑑⟨𝜋𝜋⟩
𝑑𝑑𝑠𝑠𝑥𝑥
⅜ ≢№╢↓≤╩ ∆╢√╘⌐ R–S–T + P⅜ ─ ╩≤╢⅛ 0⅛ ─ ╩≤╢⅛≢

↑∆╢
𝑑𝑑⟨𝜋𝜋⟩
𝑑𝑑𝑠𝑠𝑥𝑥
─ ⅜ ≢№╢↓≤╩ ∆⅛

𝑑𝑑⟨𝜋𝜋⟩
𝑑𝑑𝑠𝑠𝑥𝑥

�
𝑠𝑠𝑥𝑥=0 
╕√│

𝑑𝑑⟨𝜋𝜋⟩
𝑑𝑑𝑠𝑠𝑥𝑥

�
𝑠𝑠𝑥𝑥=1 
⅜ ≢№╢↓≤

╩ ∑┌╟™ ⌐ ↄ ⌐⅔↑╢ ╩ ∆╢  

(i) R – S – T + P > 0─≤⅝, 

𝑑𝑑⟨𝜋𝜋⟩
𝑑𝑑𝑠𝑠𝑥𝑥

�
𝑚𝑚𝑚𝑚𝑚𝑚

=
𝑑𝑑⟨𝜋𝜋⟩
𝑑𝑑𝑠𝑠𝑥𝑥

�
𝑠𝑠𝑥𝑥=0

 

= 2(𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃)0 + 𝑆𝑆 + 𝑇𝑇 − 𝑃𝑃 

= 𝑆𝑆 + 𝑇𝑇 − 𝑃𝑃; 

 (5.4) 

(ii) R – S – T + P = 0 ─≤⅝, 

𝑑𝑑⟨𝜋𝜋⟩
𝑑𝑑𝑠𝑠𝑥𝑥

�
𝑚𝑚𝑚𝑚𝑚𝑚

= 2(0)𝑠𝑠𝑥𝑥 + 𝑆𝑆 + 𝑇𝑇 − 𝑃𝑃 
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= 𝑆𝑆 + 𝑇𝑇 − 𝑃𝑃; 

        (5.5) 

(iii) R – S – T + P < 0─≤⅝, 

𝑑𝑑⟨𝜋𝜋⟩
𝑑𝑑𝑠𝑠𝑥𝑥

�
𝑚𝑚𝑚𝑚𝑚𝑚

= 2(𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃)1 + 𝑆𝑆 + 𝑇𝑇 − 𝑃𝑃 

= 2𝑅𝑅 − 𝑆𝑆 − 𝑇𝑇 + 𝑃𝑃. 

        (5.6) 

╟╡ <ˊ> ⅜0 ≤ 𝑠𝑠𝑥𝑥 ≤ 1─ ⌐⅔™≡ ≢№╢≤ ⅎ╢ ↓─ │∆⌂╦

∟ 

    2R > S + T–P > 0   (5.7) 

╩ √⇔≡™╢ ∫≡ R = 1  P = 0─ ⌂ PD◕כⱶ╩ ⇔ R ⅜ ⌂

─╖╩ ≤∆╢ ╡ ─ │ ⌐ ↕╣╢≤ ⅎ╢  

 ╕√ ST ⅜ ⌐⌂╢ │ sx⌐ ∆╢ ≤│⌂╠⌂™√╘

⅜ ≢№╢  

 

5.4.2. （補足）クラスター中に生じる特殊な状態 

5.4.8 ⌐ ∆╟℮⌂ sx╩ ─כ♃☻ꜝ◒╢∆ ⅜╖─♩fi▼☺כ◄─ D

╩ ∆╢ ⌂ ⅜ ∆╢ ╩ ⅎ╢ ↓─╟℮⌂ ⌂ ⅜ ∆╢ │

╩ ™≡ ≢№╡  

P<ˊ>max = (1 –sx)sx
 k   (5.8) 

≤⌂╢ ↓↓≢ sx│◒ꜝ☻♃כ╩ ─♩fi▼☺כ◄╢∆ ∆╢ k│ ◒ꜝ☻♃

כ ◘▬☼ ╩ ∆ ↓╣╩ ⇔√─⅜ 5.4.9≢№╢ ⅜ ⅝ↄ⌂╢╒≥ ⌂

╩ ⇔ ╢ sx⅜ ↕╣≡ↄ╢ ≈╕╡ ⅜ k = 8─╟℮⌐ ↕™≤№╠╝╢ sx≢

╩ ⇔ ╢ ⌂ ⅜ ∆╢⅜ ⅜ ⅝ↄ⌂╢≤ ™ sx╩ ∆╢◒ꜝ☻♃

╡╟⅜כ ⌂ ╩ ↕∑╛∆™ ↓╣⌐╟∫≡ ™ ⌐ ∆╢ ⅜ ↕╣

╢─≢№╢   
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5.5. 結論 

─≡™⅔⌐ⱶכ◕2 × 2  ⱷ◌♬☼ⱶ⌐≈™≡ ⌂ ╩ ™

─ ≤ ═≡ ≤ ⌐≥─╟℮⌂ ™⅜ ∂╢⅛╩ ⇔√ ⌐

2 × 2 │≡™⅔⌐ⱶכ◕ ≢◓fi♩⅜≥─♃▬Ⱶfi▼☺כ◄ ⌐ ≠™√

─ ╩ ℮⅛─ ꜟכꜟ ⅜ ⌂ ⌐ ⌂ ™╩╙√╠∆↓≤╩ ⇔

√ ≤╡╦↑ ◦fi◒꜡ ╩ꜟכꜟ ™√ │ ⌐◄fiⱢfi☻↕╣ ⅛≈

⅜ ⅝ↄ⌂╢╒≥ ⅜◄fiⱢfi☻↕╣╢≤™℮ ≤⌂∫√  ◦fi◒꜡ ≤▪

◦fi◒꜡ ─ ™│ ☻☿꜡ⱶⱪכ◕ ┼─ ─ ─ ─ ™≢№╢

│≢ⱶכ◕ ⅜◦fi◒꜡⅛▪◦fi◒꜡⅛─ ≢ ∂╢ ─ ─

─כ♃☻ꜝ◒ 5.4.8 ╖─♩fi▼☺כ◄ D ╩≤╢ ⌂ ─  

5.4.9 5.4.8 ⌐ ∆╢╟℮⌂ ⌂ ⅜ ∆╢ ─כ♃☻ꜝ◒≥ sx─

⅜☼▬◘כ♃☻ꜝ◒ k = 8 24 96 192─ 4Ɽ♃כfi╩ ∆  
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⌐╟╢ │ ⅝™↓≤⅜ ╠╣≡™╢ ⇔⅛⇔ ≢ ⇔≡™╢╟℮⌐

│≢ⱶכ◕ ∕╣ ⌐ ⅜ ↄ ↕╣≡⅔╡ ⅜◦fi◒꜡⅛▪◦fi

◒꜡⅛⌐╟╢ ─ │ ⌐ ⅝⌂ ╩ ⅎ⌂™ ↓℮™∫√ ⅜№╢

⌐╙ ╦╠∏ ≡™⅔⌐ⱶכ◕ ≥─♃▬Ⱶfi◓≢ ─ ╩ ∆╢⅛╩

∆╢↓≤≢ ∂╢ ⌂ ╠⅞│ ⌂ ─ ⌐ ⅝ↄ ╩ ⅎ╢↓≤⅜ ⅛

∫√ ↓─↓≤⅛╠ ⅎ╢─│ ⌐⅔™≡ ╦∏⅛≤ ⅎ╢ ─ ─ ╠⅞≢↕

ⅎ╙ ⌐ ╖ ∫√ ⌐ ⇔≡ ⌐ ⅝⌂ ╩ ⅎ℮╢≤™℮ ≢№╢  
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6. 中間（日和見）戦略の定義による囚人のジレンマ解消メカニ

ズムの解明 

6.1. 研究背景と着眼点 

│ⱶכ◕ ≢ ⇔√≤⅔╡ ⌂ ─ ⌐ꜟ♦⸗ⱶכ◕╩ ⇔℮

╢ ⌂ ─ ≈≢№╢ ≡™⅔⌐ⱶכ◕ │♩fi▼☺כ◄ si ҿ [0, 1]─

╩ ↕╣ si⌐ ≠™√ ≢ C ╕√│ D ╡ ╩ ∆╢

⌐╟╢ ⌂ ⅜ ─ ⌐ ⇔≡™╢↓≤⅜╦⅛∫≡™╢⅜ ≢│

≤⇔≡ ↕╣╢ si ╩╟╡ ⌐ ⇔ ≤ ⌂ ─ ⌂┤╢╕™

╩∆╢ ╩ ∆╢↓≤⌐╟╡ ⌐⅔↑╢ ⌂ ⱷ◌♬☼ⱶ╩╟╡ ↄ

∆╢  

 

6.2. 研究概要 

│≢ⱶכ◕ │♩fi▼☺כ◄ si⌐ ∂√ ≢ ─ ╩ ∆╢

≢│ ↕╣╢ ─ NR≤ ─ ─ ╩ ∆╢ ⌐ NR = 2

─ ╩ ⇔ NR = ∞─ ╩ ∆╢ ≢│ ─☺꜠fi

ⱴ◕כⱶ≤♅◐fi◕כⱶ⌐⅔™≡ NR─ ™⌐╟∫≡ ─ ─ ⅜ ⅝ↄ ⌂╢↓≤

╩ ⇔√ ╕√ NR = 3─≤⅝ ⌐ ™ ◄fiⱢfi☻ ╩ ⇔√  

 

6.3. モデル 

6.3.1. 2 × 2 ゲーム 

╩ⱶכ◕2 × 2 ⸗♦ꜟ≤⇔≡ ™╢ ♩fi▼☺כ◄│≢ i│ 0⅛╠ 1─

─ ≢ ↕╣√ si╩ ∆╢ ≢│ si│◄כ☺▼fi♩ i⅜ C ╩≤

╢ ╩ ∆ ∫≡ si = 1─≤⅝ ♩fi▼☺כ◄ i│ ⌐ ∆╢ si  = 0─

≤⅝ ⌐ ╢ ╩ ∆ Dg = T – R Dr = P – S≤⇔ ─√╘ R = 1⅛≈ P = 0≤∆

╢↓≤≢ │ 

�𝑅𝑅 𝑆𝑆
𝑇𝑇 𝑃𝑃� = �

1 −𝐷𝐷𝑟𝑟
1 + 𝐷𝐷𝑔𝑔 0 �    (6.1) 

≤ ⅝ ∑╢ ≢│ ⌂☺꜠fiⱴ◕כⱶ≢№╢ T > R > P > S ⅛≈ 2R > T + S╩
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√∆0 ≤ 𝐷𝐷𝑔𝑔 ≤ 1⅛≈0 ≤ 𝐷𝐷𝑟𝑟 ≤ 1≢№╢ ─☺꜠fiⱴ◕כⱶ≤ ⌐ 2R < S + T╩ √∆

0 ≤ 𝐷𝐷𝑔𝑔 ≤ 1⅛≈−1 ≤ 𝐷𝐷𝑟𝑟 ≤ 0≢№╢♅◐fi◕כⱶ╩ ∆╢  

≢│ ─ ╩ ∆ ≤⇔≡ NR╩ ∆╢ NR = 2─≤⅝

si = 0╕√│ 1─╖⅜ ↕╣╢ ⌂ ╩ NR = ∞─≤⅝ si ҿ [0, 1]≢№╢ ⌂

╩ⱶכ◕ ∆ ⇔ ─ Platform─ ⅛╠ NR = ∞│ NR = 32768≤ ≤∆

╢ ↓↓≢ si≤ NR─ ╩ ∆╢≤  

𝑠𝑠𝑖𝑖 ∈ �
0

𝑁𝑁𝑅𝑅−1
, 1
𝑁𝑁𝑅𝑅−1

, 2
𝑁𝑁𝑅𝑅−1

,⋯ ,𝑁𝑁𝑅𝑅−1
𝑁𝑁𝑅𝑅−1

�𝑁𝑁𝑅𝑅 ≥ 2  (6.2) 

≤⌂╢  

 

6.3.2. シミュレーション手順 

⌐ 8 ─ ⌐ │♩fi▼☺כ◄ ↕╣╢ ♩fi▼☺כ◄℮⧵│≢

N = 70 × 70 = 4900≤∆╢ ≢◒כfi♩│Ⱡ♇♩꞉▼☺כ◄ ⅜∫√ ╩ⱶכ◕≥ ™

╩ ∆╢ ≡™⅔⌐ⱶכ◕ ─ C╕√│ D╩ ∆╢√╘─

│ꜟכꜟ 2 ≢⅝╢ ≢│ ≢ ⇔√ ▪◦fi◒꜡ ╩ כꜟ

ꜟ≤⇔≡ ™╢ ∆⌂╦∟ │♩fi▼☺כ◄ ↔≤⌐ si ⌐ ∂√ ≢ ∆╢⅛

╢⅛╩ ∆╢ ⅜ ↕╣√─∟ ╩ ℮ │≡⇔≥ꜟכꜟ

─ ─ ╩◖Ⱨכ⇔≡ↄ╢ Imitation Max(IM)╩ ™╢ │◦fi◒꜡⌐

↕╣╢ ↓─ⱪ꜡☿☻╩ ⌐ ╢╕≢ ╡ ⇔ ─ ─ ≢№╢

╩ ∆╢ ╩ ∆╢√╘ ☺꜠fiⱴ ↔≤⌐ 20 ⇔√

╩ ≤⇔≡ ™╢  

 

6.4. 結果と考察 

6.4.1 │ ─☺꜠fiⱴ◕כⱶ⌐⅔↑╢ ╩ ∆ NR⅜ ⅝ↄ⌂╢

⌐⇔√⅜∫≡ Dg Dr─ ⅝⌂ ☺꜠fiⱴ ⌐⅔™≡╙№╢ ─ ⅜ ≢⅝╢╟℮⌐⌂

╢ ⇔⅛⇔⌂⅜╠ NR⅜ ⅝ↄ⌂╢≤ ɟc│ ⌐ 1⌐ ╢╦↑≢│⌂ↄ ⌂

≢ ∆╢ ⌐♅◐fi◕כⱶ─ ⅜ ↄ ╢ Dg⅜ ⅝ↄ Dr─ ↕™ ≢ ∕─

│ ≢№╢ ♅◐fi◕כⱶ⌐⅔↑╢ Nash │ C ≤ D ≢№╢ ∫≡

⅜ ↕╣╢↓≤≢♅◐fi◕כⱶ⌐⅔↑╢ ≢№╢ ⌂

⌐ ∫√≤ ⅎ╠╣╢  

NR = 3 ─≤⅝ stag-hunt SH ⌐ⱶכ◕ ™ ≢ ⅝⌂ ◄fiⱢfi☻ ⅜ ≢⅝
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╢ ╕√ ∕╣ ─ ⌐⅔™≡╙ SH◕כⱶ≤─ ⌐⅔™≡│╒╓ ⌂ ╩

⇔≡™╢ ↓─↓≤⅛╠ ─ ⅜ ∆╢≤ Dr ⌐ ⇔≡ │ ⅜ ↕

ↄ⌂╢≤ ⅎ╢  

NR─ ™⅜⌂− ⌐ ╩ ⅎ╢─⅛╩ ╢√╘ ☻♫♇ⱪ◦ꜛ♇♩╩ ╢

6.4.2│ Dg = 0.1 Dr = 0.7⌐⅔↑╢☻♫♇ⱪ◦ꜛ♇♩╩ ∆ NR = 2─ ∆⌂╦∟

─ ╩ ╢≤ ⌐ ⅜♩fi▼☺כ◄╡ ╩ ⇔ │ ─ ╘≡ ↕

⅜כ♃☻ꜝ◒⌂ ╢─╖≤⌂╢  

NR=3─ ╩ ≡╖╢≤ si = 0.5─◄כ☺▼fi♩⅜ si = 0─ ≥♩fi▼☺כ◄╡ si = 1─

≥♩fi▼☺כ◄ ╩כ♃☻ꜝ◒⌐ ∆╢ ↓─≤⅝ C │כ♃☻ꜝ◒ NR=2 ─

─≤⅝≤╒╓ ─ ≢ ∆╢ ⇔⅛⇔⌂⅜╠↓↓⅛╠ si = 0.5╩ ∆╢ꜝfi♄ⱶ

⌐ ╢ ⅜♩fi▼☺כ◄℮ C◒ꜝ☻♃כ≤ D◒ꜝ☻♃כ─ ⌐ ╡ ╗↓≤≢ C◒ꜝ☻♃

⅜כ ⌐ ∂╢ C◒ꜝ☻♃כ⅜ ⌐ ∂╢≤ D◒ꜝ☻♃כ╩ ⇔ ╩

∆╢↓≤⅜≢⅝╢ si = 0.5╩ ∆╢ꜝfi♄ⱶ⌐ ╢ │♩fi▼☺כ◄℮ ⌐ ╩

∆╢ ⅜№╢ ↓╣⌐╟∫≡ ─ C ─♩fi▼☺כ◄ ⅜ ⇔ C כ♃☻ꜝ◒

─ ⌐ ∆╢─≢№╢ 6.4.3╩ ╢≤ si = 0.5─ │♩fi▼☺כ◄ ⌐ D ◄

≥♩fi▼☺כ ═≡ ⅝⌂ ╩ ⇔ D ─כ♃☻ꜝ◒ ╩ ⇔≡™╢↓≤⅜

≡ ╣╢  

NR = 4─≤⅝╩ ≡╖╢≤ 6.4.1⌐ ⇔≡™╢ ╡ ™☺꜠fiⱴ ≢№╢ ─

◄fiⱢfi☻ ⅜№╢╙── ⌂ ⌐│ ╡ ⌂™ 6.4.2─☻♫♇ⱪ◦ꜛ♇♩╩

≡╖╢ NR = 4─≤⅝ ─Ᵽꜞ◄כ◦ꜛfi│ si ҿ {0, 0.3333, 0.6666, 1}≢№╢

⌐│ D ─ ╩℮↑ ↔≤⌐╕≤╕∫≡ ⅜כ♃☻ꜝ◒√╣↕ ↕╣╢ ™∫√

╪ si = 1╩ ∆╢ ⌂ C◒ꜝ☻♃כ⅜ ⌐ ∂╢ ⇔⅛⇔⌂⅜╠ si = 0.6666╩ ∆╢

כ♃☻ꜝ◒ ⌐ ↕╣≡⇔╕℮ ↓╣│ si = 0.6666╩ ─כ♃☻ꜝ◒╢∆ ⅜ T╩ ╣

╢ ⅜ C◒ꜝ☻♃כ╟╡╙ ⅝ↄ⌂╢√╘≢№╢  

NR = 5─ ╩ ≡╖╢≤ ─ ≥☻כ◔2 ⌐ ╩כ♃☻ꜝ◒⌐≥↔ ⇔≡ D─

╩ ⅎ╢ ∕─ si = 1╩ ∆╢ ⌂ C◒ꜝ☻♃כ│ ⌐ ∂╢╙── ─

≢ ⌐│ si = 0.75─ ⅜♩fi▼☺כ◄ ╩ ∆╢  

NR⅜ ⅝ↄ⌂╢≤ ⌂ C◒ꜝ☻♃כ⅜ ⇔ ≢⅝⌂ↄ⌂╢╙──

│כ♃☻ꜝ◒⌂ ⅝ ╣╢╟℮⌐⌂╢ NR⅜ 30 ⌐⌂╢≤╙│╛ ⅜

⌐ ⅎ╢ │ ╘≡ ↕ↄ⌂╢  
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6.4.1 ─☺꜠fiⱴ◕כⱶ⌐⅔↑╢ ɟc NR│ ╩ ⇔≡⅔╡ NR = 2─≤⅝

⌂ ╩ NR = ∞─≤⅝ ⌂ ≢№╢↓≤╩ ∆ NR⅜ ⅝ↄ⌂╢╒≥

☺꜠fiⱴ ≢╙№╢ ─ ⅜ ≢⅝╢╟℮⌐⌂╢ ⇔⅛⇔⌂⅜╠ ⌂ ⌐│ ⇔

⌐ↄↄ⌂╢ NR = 3─≤⅝ stag-hunt◕כⱶ≤─ ≢ ⅝⌂ ◄fiⱢfi☻ ⅜ ↕╣╢  

NR = 2 (Discrete) NR = 3 

NR = ӓ (Mixed) 

NR = 5 

NR = 10 NR = 30 

NR = 4 
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NR = 2 

NR = 3 

ƴ s
i
 = 0.5 

ƴ s
i
 = 0.0 

ƴ s
i
 = 1.0 

NR = 4 

NR = 5 

NR = 30 
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6.4.2 Dg = 0.1 Dr = 0.7⌐⅔↑╢☻♫♇ⱪ◦ꜛ♇♩ ≢№╢ NR = 2─≤⅝ C◒ꜝ☻♃

│כ D⌐ ↕╣ ⅜ ╘≡ ╩כ♃☻ꜝ◒⌂↕ ⇔ ⅝ ╢⌐ ⅞⌂™ ⇔⅛⇔⌂⅜╠ NR = 3

─≤⅝ si = 0.5╩ ∆╢ꜝfi♄ⱶ⌐ ╢ ⅜♩fi▼☺כ◄℮ ─ C◄כ☺▼fi♩─ ⌐

⇔ C◒ꜝ☻♃כ⅜ ∆╢ NR⅜ ⅝ↄ⌂╢≤ ⌂ C◒ꜝ☻♃כ⅜ ⌐כ♃☻ꜝ◒ ↕

╣╢√╘ ⌂ ⌐│ ╠⌂™  

 

 

6.4.3 Dg = 0.1 Dr = 0.7⌐⅔↑╢ 6.4.2≤ ⇔ ╖ │ ╩

⇔≡™╢ │ NR = 2 │ NR = 3≢№╢ C≤│ ♩fi▼☺כ◄ si = 1.0 D≤│

♩fi▼☺כ◄ si = 0 Fence-Sitter≤│ ♩fi▼☺כ◄ si =0.5 ╩ ∆  
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6.4.2╩╖╢≤♅◐fi◕כⱶ≤─ ≢⅛≈ Dg⅜ ⅝ↄ⌂╢≤ NR = 2╟╡╙ NR = 3

─╒℮⅜ ⅜ ∆╢ ↓─ ╩ ∆╢√╘ NR = 2╟╡╙ NR = 3─ ⅜ ⅜

∆╢ ≤─ ╩ ℮ 6.4.4│ Dg = 0.3 Dr = 0.1⌐⅔↑╢☻♫♇ⱪ◦ꜛ♇♩≢№

╢ ↓╣╩ ╢≤ si = 0.5─◄כ☺▼fi♩⅜ ∆╢ ─כ♃☻ꜝ◒ ─

⌐ si = 0.5 ─ ⌐♩fi▼☺כ◄ ⅜ ↕╣╢ ⅜ ⅛╢ 6.4.5─ כ♦

♃─ ⅛╠ NR⌐╟╠∏◄Ⱨ♁כ♪ │ C─ │ ⌐ D╛ Fence-Sitter si = 0.5╩

─╙─╩ ∫≡™╢ ⇔⅛⇔⌂⅜╠ NR = 3─≤⅝ ⌐ Fence-Sitter⌐ ⅜ ↕

╣╢ ↓─ ╩↕╠⌐ ⇔ↄ ∆╢√╘⌐ 6.4.6─ ╩ ╢ ↓╣╩

╢≤ Dg = 0.1 Dr = 0.7─≤⅝ Fence-Sitter─ ⅜ ⅝ↄ C╛ D─╙─╩ ⅎ≡™╢

↓╣⌐╟∫≡ Fence-Sitter│ D╩ ∆╢≤ ⌐ C╙ ⇔≡⇔╕℮─≢№╢  

6.4.7─ ╩ ∆ ⌐ ∫√ │⌂™⅜ Dg = 0.3 Dr = 0.1─◔כ☻─

─ ⅜ Dg = 0.1 Dr = 0.7≤ ═≡ ↕™  

. 

6.4.4 Dg = 0.3 Dr = 0.1⌐⅔↑╢☻♫♇ⱪ◦ꜛ♇♩ ≢№╢ NR = 2─≤⅝ ─ D─

⌐ ⅎ√ ⅛™ C◒ꜝ☻♃כ⅜ ⇔≡™ↄ NR = 3─≤⅝ ⇔√ C◒ꜝ☻♃כ│

∆╢╙── ⌐│ si = 0.5╩ ∆╢ ⌐♩fi▼☺כ◄ ╩ ↕╣╢  

8.  

NR = 2 

NR = 3 

Ẽ si = 0.5 
Ẽ si = 0.0 

Ẽ si = 1.0 
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6.4.5 Dg = 0.3 Dr = 0.1⌐⅔↑╢ 3≤ ⇔ ╖ │ ╩ ⇔≡

™╢ │ NR = 2 │ NR = 3≢№╢  
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6.4.6 (a) Dg = 0.1 Dr = 0.7 (b) Dg = 0.3 Dr = 0.1≢ NR = 3─≤⅝№╢ ─

Fence-Sitter ♩fi▼☺כ◄ ≤│ si = 0.5╩ ─♩fi▼☺כ◄ ─↓≤≢№╢  

 

6.4.7 (a) Dg = 0.1 Dr = 0.7 (b) Dg = 0.3 Dr = 0.1≢ NR = 3─≤⅝№╢ ─

Fence-Sitter ♩fi▼☺כ◄ ≤│ si = 0.5╩ ─♩fi▼☺כ◄ ─↓≤≢№╢  

 

6.5. 結論 

 ⸗♦ꜟ⌐⅔™≡ ╩ ∆╢ ⌐♩fi▼☺כ◄ ⅎ╢ ─

╩ ⅎ╢↓≤≢ ⅛╠ ⌂ ≤─ ─ ─ ⇔ ─ ⌐≥

─╟℮⌂ ╩ ⅎ╢─⅛╩ ⇔√ ↓─ ─ NR╩ 30 ⌐ ∆

╣┌ ⌐ ─ⱶכ◕ ⅜ ╣╢↓≤⅜ ⅛∫√ ╕√ ╩ NR = 3⌐ ⇔

√ Stag-hunt ─≥ⱶכ◕ ╒≥ ⌂ ◄fiⱢfi☻ ⅜ ≢⅝√ ↓─↓≤

⅛╠ ─ ⌐⅔™≡ si = 0.5─╟℮⌐≥∫∟≈⅛∏─ ╢ ⅜♩fi▼☺כ◄╢∆╩™

⌐ ∆╢↓≤≢ ─כ♃☻ꜝ◒ ⅜◘ⱳכ♩↕╣╢↓≤⅜ ⅛∫√  

 ⌂ ⌐♩fi▼☺כ◄╩ ∆╢≤ ☺꜠fiⱴ ≢╙№╢ ─ ⅜ ↕

╣╢╙── ⌐ ╡ ╢ │ ⌂╙─≤⌂╢ ↓─╟℮⌂ │№╢

≢ ⌂ ≤ ⅎ╢─⅛╙⇔╣⌂™ √∟─ ≢│ ⌂ ╕√│ ─╟

℮⌐ ⌐ ─ ╢ ™╩⇔≡™╢≤ ⅎ┌ ™ ⅞≢№╢ ↓─ ⅛╠ ⌐╟∫≡

╢ ™╩ ⌐ ⅎ╢ ⅜№╢ ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi╙╕√ ≈─
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≢№╢ ↓─ ─ ⅛╠ ╢ ™─ ⅜ ─ ⌐ ⇔≡™╢↓≤⅜

⅛∫√⅜ │Ⱬ♥꜡Ⱡ♇♩꞉כ◒⌂≥≢╟╡ ⌂ ⅜ ∂╢ ≢─ ─

≤☺꜠fiⱴ─ ╩ ∆╢ ⅜№╢∞╤℮  
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7. Ⱡ♇♩꞉כ◒ ─ ⌂ ⅜╡─ ⅜ ─☺꜠fiⱴ

╢↑⅔⌐ⱶכ◕ ⌐ ⅎ╢  

7.1. 研究背景と着眼点 

─╖⌂╠∏Ⱡ♇♩꞉כ◒╩ ↕∑╢ ╩ ⸗♦ꜟ≤ ⌐ ∆╢ Ⱡ♇

♩꞉כ◒─ ╩ ∆╢⌐№√∫≡ Zimmermann╠[6]╛ Tanimoto[109][110] Santos╠[111]

⌐ ↕╣╢╟℮⌐ ≤ ─ ─ ╖ ╦∑╛ ─ ⌐╟∫≡ꜞfi◒─

╩ ∆╢─⅜ ≢№╢ ≢│ ↓╣╠─ ≤│ ╩ ⅎ ─

⌐ ∆╢ ⌐│ ⅜ ≢№╢ ─ꜞfi◒╩ ⇔ ∕℮≢⌂™╙─≤─

ꜞfi◒╩ ∆╢╙─≢№╢ ≢│ ↓─ Ⱡ♇♩꞉כ◒ ≡∫╟⌐ꜟכꜟ

⌂ ⅜╡╩ ∆╢↓≤⅜ ─☺꜠fiⱴ◕כⱶ⌐⅔↑╢ ─ ⌐≥─╟℮⌂ ╩

╓∆─⅛╩ ∆╢  

 

7.2. 研究概要 

 ≢│ Ⱡ♇♩꞉כ◒≤ ─ ⸗♦ꜟ╩ ∆╢ ─ si│

0 ⅛╠ 1 ─ ─ ≢ ↕╣ │♩fi▼☺כ◄ ∆╢ si⌐ ∂√ ≢

─ ╢ ™╩ ∆╢ ∕─√╘ ─ ⅜♩fi▼☺כ◄ ╡ ╢ │ ≢№

╢ ∕↓≢ ≢│ ↓─╟℮⌂ ⅜♩fi▼☺כ◄⌂ ∆╢ ⌐⅔™≡ ─

≤ ─ ─ ⌐ ∆╢ │♩fi▼☺כ◄ ─ ∆╢ ≤ ∫√

╩ ─◒כfi♩≤─╖Ⱡ♇♩꞉▼☺כ◄≈ ╩ ∆╢↓≤≢ ─ כ◄™

☺▼fi♩ ≤─ ⅜╡╩ ∆╢ ↓─ ─ ⌂ ⅜╡╩ ∆╢↓≤≢ ╟

╡ ⌂ ⅜ ∆╢↓≤╩ ∆╢ ╕√ Ⱡ♇♩꞉כ◒ ⅜ ⌐ ™

⌐⅔™≡ ─ ⌐ ⌂ ≢◖Ⱨכꜝ◄כ╩ ↕∑╢↓≤⅜Ⱡ♇♩꞉כ◒─

╩ ↕∑ ⅜╟╡ ∆╢↓≤╩ ∆╢  

 

7.3. モデル 

7.3.1. 2 × 2 ゲーム 

╩ꜟ♦⸗ⱶכ◕2×2 ™╢ ⸗♦ꜟ≢│ ⅛╠⌂╢ si ҽ [0, 1]╩ ∆

╢ │♩fi▼☺כ◄ si≢ C ╩≤╢ 2 2 │≢ⱶכ◕ si ҽ {0, 1}─╟
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℮⌐Ᵽ▬Ᵽꜞכ⌐ ╩ ∆╢ ⅜ ⌂ ≢№╢⅜ ⸗♦ꜟ≢│

─ꜝfi♄ⱶ⌂ ╢ ™╩⸗♦ꜟ ∆╢√╘ ⌂ ≤⇔≡ ╩ ™

╢ │♩fi▼☺כ◄ ⌐╟∫≡ ↕╣╢ ≤ ─ ╢ ™─⌐ ∂≡ ╩

∆╢ ╙⇔ ≤ ⌐ C ╩ ⇔√ Reward R ╩ ⌐ D ╩

⇔√ Punishment P ╩∕╣∙╣ ≤⇔≡ ╢ ╙⇔ ⅜ C ⅜ D

╩ ™√ │ Sucker S │ Temptation T ╩ ╢ ↓╣╠ R S T P─

╩ ↕∑╢↓≤≢ ₁⌂☺꜠fiⱴ ╩⸗♦ꜟ ⌐ ≢⅝╢ ↓↓≢

 [103]⌐ ™ R=1 P=0≤ ∆╢↓≤≢  

 �𝑅𝑅 𝑆𝑆
𝑇𝑇 𝑃𝑃� = �1 −𝑟𝑟

𝑟𝑟 0 �   (7.1) 

≤∆╢ ↓─ ⌐╟∫≡ ─☺꜠fiⱴ◕כⱶ╩0 ≤ 𝑟𝑟 ≤ 1─ ≢ ≢⅝╢  

 

7.3.2. 共進化モデルにおけるシミュレーション 

◦Ⱶꜙ꜠כ◦ꜛfi│ ⌐ ∆ ≢ ╦╣╢ │♩fi▼☺כ◄ ⌐ k = 4─ 2

Ⱡ♇♩꞉כ◒ ꜝ♥▫☻Ⱡ♇♩꞉כ◒ ⌐ ⌂ↄ ↕╣╢ ⅛╠ꜝfi♄

ⱶ⌐ ♩fi▼☺כ◄√╣┌ i │Ⱡ♇♩꞉כ◒≢ ⅜∫√ ⇔ⱶכ◕≥ ╩ ∆╢ ∕

─ w≢Ⱡ♇♩꞉כ◒ ╩ ™ ∕℮≢↑╣┌ ╩ ℮ ↓↓≢ w│Ⱡ♇♩

꞉כ◒ Ɽꜝⱷכ♃כ≢№╡ w⅜ ⅝™╒≥Ⱡ♇♩꞉כ◒─ ⅜ ⅝ↄ w = 

0 ─ ─╖⅜ ∆╢↓≤╩ ∆╢ ↓─ ⱪ꜡☿☻╩ ⌐ ╢╕≢ ╡ ⇔

100☻♥♇ⱪ─ ɟc ≢─ C ─♩fi▼☺כ◄╢≥╩

╩ ⇔ ∆╢  

 

7.3.3. ゲーム 

Ⱡ♇♩꞉כ◒ ⅛╠ꜝfi♄ⱶ⌐ ♩fi▼☺כ◄√╣┌ i │Ⱡ♇♩꞉כ◒≢ ↕╣√

j≤◕כⱶ╩ ℮ ♩fi▼☺כ◄ i│ j≤ ∆╢≤⅝ si≢ C╩≤╡

j│ sj≢ C╩≤╢ ≢ ↕╣√ ₁─ ╢ ™ C╕√│ D⌐

∂≡ ⌐ ≠™√ ⅜ ↕╣╢ ♩fi▼☺כ◄≢ i │ ─ ≈ ⌐ ∂

√ ≢ ╢ ™╩ ⇔≡™ↄ√╘ ☻♥♇ⱪ ─ ≢№∫≡╙ j1 ⌐ ∆╢

╢ ™≤ j2⌐ ∆╢ ╢ ™⅜ ∏⇔╙ ∆╢≤│ ╠⌂™ j ╙ ⌐ ₁∕

─ k ╩ⱶכ◕≥ ™ ╩ ∆╢ ∆⌂╦∟ ≢│ ≢ ⸗♦ꜟ─
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√╘─ ≡⇔≥ꜟכꜟ ⇔√▪◦fi◒꜡ ≤▪◦fi◒꜡ ╩ꜟכꜟ

™╢  

 

7.3.4 戦略適応 

⅜ ╦╣╢ ♩fi▼☺כ◄ i≤∕─ j─ ⅜ ♩fi▼☺כ◄

i│ ─ ⅛╠ ╙ ™ ╩ ⇔≡™╢ j╩ ⇔ ∕─ ╩

⌐◖Ⱨכ∆╢ Imitation Max; IM  

╩◖Ⱨכ∆╢≤⅝ ɛ ≢◖Ⱨכ⇔≡ↄ╢ ⅜ 0 ⅛╠ 1 ─ ─ ⌐ꜝfi♄ⱶ

⌐ ∆╢ ↓╣╩◖Ⱨכꜝ◄כ≤ ┬  

 

7.3.5. ネットワーク適応ˈ同類的接続 

Ⱡ♇♩꞉כ◒ ⅜ ╦╣╢ ♩fi▼☺כ◄ i│ ♩fi▼☺כ◄ j╩ ꜝfi♄ⱶ⌐

∆╢ ╙⇔|𝑠𝑠𝑖𝑖 − 𝑠𝑠𝑗𝑗| > 𝛼𝛼 ─ ♩fi▼☺כ◄ i│ j≤─ꜞfi◒╩ ⇔

─ √⌂ ≤ ╩⇔ j│ꜞfi◒╩ 1 ℮ |𝑠𝑠𝑖𝑖 − 𝑠𝑠𝑗𝑗| ≤ 𝛼𝛼─≤⅝ i≤ j─ꜞfi◒

│ ↕╣╢ ↓↓≢ Ŭҿ(0, 1)│ Ɽꜝⱷכ♃כ tolerance parameter ≢№╢ Ŭ⅜ ↕

│♩fi▼☺כ◄≤╒™ ⌂ ╩ ╗╟℮⌐⌂╡ ⌂ ╩ ♩fi▼☺כ◄≈

─ꜞfi◒│ ↕╣╢↓≤≢ ⌐ ⌂ ⅜╡╩ ─ⱪכꜟ◓≈ ⅜ ↕╣

╢ ≢│↓─ ⌂ ╩ ∆ ╩ Assortative attachment≤ ∆╢   

 

7.4. 結果と考察 

⸗♦ꜟ⌐⅔↑╢ ≤ assortative attachment⌐╟╢Ⱡ♇♩꞉כ◒─ ⅜ ─

⌐╙√╠∆ ⌐≈™≡ ⇔ↄ ⇔≡™ↄ 7.4.1⌐Ⱡ♇♩꞉כ◒ w = 0.1 0.5

0.9 ∕╣∙╣─ ╩∕╣∙╣ ⇔≡™╢ ↓↓≢ r │☺꜠fiⱴ ↕≢№╢ ↓─

╩ ∆╢≤ ≤Ⱡ♇♩꞉כ◒─ ∆⌂╦∟ assortative attachment╩ ∆╢↓

≤⌐╟∫≡ ─ Ⱡ♇♩꞉כ◒ ╟╡╙ ⅜◄fiⱢfi☻↕╣≡™╢↓≤⅜ ⅛╢

tolerance parameter Ŭ─ ⌐ ∆╢≤ w⅜ ↕™ ⅜ ⌐ ∆╢ r 

= 0.50 ≢│ Ŭ ─ ⅜ ↕╣╢╙── ╡ ≡≡ ∆╢╒≥─ ╠⅛⌂ │

╠╣⌂™ ⇔⅛⇔ w ⅜ ⅝ↄ⌂╢≤ ─ ⌐ ⇔≡ Ŭ ⌐ ╢ ╠⅛⌂ ⅜ ↕

╣╢ ∕─ │ w ⅜ ⅝™≤⅝ Ŭ ⅜ ↕™╒≥ ™☺꜠fiⱴ ≢╙ ╩ ≢⅝╢≤

™℮╙─≢№╢ Ɽꜝⱷכ♃כŬ⌐╟╢ ⌂ ⅜ ╣╢─│ w⅜ ⅝™≤⅝Ⱡ♇♩꞉כ
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◒ ─ ⅜ ∆╢⅛╠≢№╢ ↓╣│ Ⱡ♇♩꞉כ◒ ⅜ ™ ≢ ╦╣╢⌂

╠┌ ≤─ ╩ ↕ↄ⇔≡ ⅜ ╩כ♃☻ꜝ◒≡∫╕ ⇔√ ⅜ ⅝

⌂☺꜠fiⱴ⌐ ⅎ╠╣╢↓≤╩ ∆╢  

 

⸗♦ꜟ≢─ assortative attachment⅜⌂− ╩ ∆╢─⅛ ↕╠⌐ ⇔ↄ ⇔≡™ↄ

∕╙∕╙Ⱡ♇♩꞉כ◒ ≤™℮ │ №╢ ⌐ ∫≡ ⌐≤∫≡ ⌂ interaction╩

ה ∆╢™╦╝╢ Game exit option[21]─ ─↓≤≢№╢ ↓─ ╩ ™╢≤ ╙

⇔ ⌂ ╩ꜟכꜟ ∆╢↓≤⅜≢⅝╣┌ ─ ⅜ ↕╣╢↓≤⅜∆≢⌐ ⅛

∫≡™╢ ⇔⅛⇔ ☺꜠fiⱴ ≤⌂╢≤ │ ≢ ™ↄ╠Ⱡ♇♩꞉כ◒≤ ─ ⌐

╟╢ ⌂ ♄▬♫Ⱶ◒☻╩ ⇔√≤⇔≡╙ well-mixed ⌐⅔™≡ D ⅜

⌂ ☺꜠fiⱴ ⌐⅔™≡ ╩ ∆╢↓≤│ ≢│⌂™ ↓╣│ D ─♩fi▼☺כ◄

Temptation T ⅜ ⅝ↄ⌂╢≤ ⌐ C◄כ☺▼fi♩⅜ D◄כ☺▼fi♩≤ ⇔√ ⌐

╠╣╢ S; Sucker ⌐╟╢ ⅜ ⅝ↄ⌂╢↓≤≢ D ⅜♩fi▼☺כ◄ ╠╣ⅎ╢ ⅜ C

⌐♩fi▼☺כ◄ ═≡ ⌐ ⅝ↄ⌂╡ ╩ ∆╢ ≢ ⌐ ≈⅛╠≢№╢

∫≡ ─ ╩ ∆╢⌐│ ─ ╩ ⌐⇔≡ ↕ↄ∆╢⅛⅜

⌂ⱳ▬fi♩⌐ ≈⌐⌂╢ Assortative attachment≢│ ╩ ⇔ Ɽꜝⱷכ

╩Ŭכ♃ ∆╢↓≤≢ ─ ╛⅛⌂◒ꜝ☻♃ꜞfi◓╩ ⌐ ⇔ D

─╠⅛♩fi▼☺כ◄ exploitation╩ ∆╢↓≤⌐╟∫≡ ⌂ ╩כ♃☻ꜝ◒ ⇔

☺꜠fiⱴ⅜№╢ ≢╙ ╩ Ⱡ♇♩꞉כ◒ ╟╡╙ ╣√ ⱨ▼כ☼⌐ ≈ ⅜

≢⅝╢  

7.4.1 (a) w = 0.1, (b) w = 0.5 and (b) w = 0.9∕╣∙╣─ ⌐⅔↑╢ ɟc ”Static”

│ w=0∆⌂╦∟ ─╖ ∆╢ ─ ╩ ⇔≡™╢ ─◖Ⱨכ◄ꜝ

│כ ↕╣≡™⌂™  
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7.4.2⌐ ∆ ─ ╩╖≡╖╢ ╕∏ 7.4.2(a)⌐ ∆ ☺꜠fiⱴ─

⌐ ∆╢ w ─ ─♩fi▼☺כ◄ ─ │ si = 0.8 – 1.0 ⌐╕≤╕∫≡

™╢⅜ w ─ ⌂ ╩ ─♩fi▼☺כ◄╢∆ ⅜ ⇔

─ │ ₁⌐ ⅝ↄ⌂╢ 7.4.2(b)⌐ ∆ ☺꜠fiⱴ─ ╩ ≡╖╢≤ w⅜ ↕

™ │ ╡ ⌐ ⇔ ⅜♩fi▼☺כ◄─≡═∆╓╒ Nash ≢№╢ s=0 ─

╩≤╢╟℮⌐⌂╢ w⅜ ⅝™ ⌐ ™ ─♩fi▼☺כ◄╢≥╩

│ ⌐ ⌂™╙── ⌐ ∆╢ ⅜ ⌐ ⅝ ╡ ╡ ⌂ ≤ ⌐

⅜ ≢⅝╢ ↓─╟℮⌐ w ⅜ ⅝↑╣┌ ☺꜠fiⱴ ⌐⅔™≡╙№╢ ─

⅜ ⅝ ╣╢─│ assortative attachment ⌐╟╢Ⱡ♇♩꞉כ◒ ╩ ∆╢↓≤

≢ ⌐ ≠™√ ⅜◓Ⱨfiכꜟ◓─ ↕╣ ╡╩ ⌐∆╢╟℮⌂ C-

type◄כ☺▼fi♩ ≢ ╩כ♃☻ꜝ◒⌂ ⇔ ≢ ╢ D ─╠⅛♩fi▼☺כ◄

╩ ↕∑╢↓≤⅜≢⅝╢⅛╠≢№╢ ⅜◓Ⱨfiכꜟ◓─ ↕╣╢↓≤⌐╟∫≡

☺꜠fiⱴ≢╙ C ⅜כ♃☻ꜝ◒ ∆╢ ⅜№╢ ≢ ⌐ ☺꜠fiⱴ ⌐⅔™

≡ ⌂ ⌐╟╢ ≤│⌂╠∏⌐ ⌂ ╩ ♩fi▼☺כ◄╢∆

─ ╩ ⇔≡⇔╕℮ ↓╣│ Ⱡ♇♩꞉כ◒ ⅜ ™╝ⅎ─ ≢ D ─♩fi▼☺כ◄

◒ꜝ☻♃ꜞfi◓╙ ⌐ ↕╣╢↓≤≢ ─ ⅜ ↄ⌂╡ ∕╣∙╣─ ↔

≤⌐ ≤⌂∫≡ ≥♩fi▼☺כ◄ ⌂ ─♩fi▼☺כ◄ ⌐ ∫

≡⇔╕℮⅛╠≢№╢ ≈╕╡ Assortative attachment│ ─ ╩℮╕ↄ ⇔ ╛⅛

╩◓Ⱨfiכꜟ◓⌂ ∆╢↓≤≢ ─ ╩ ∆╢╙── ╡ ╩ ☺꜠fiⱴ

≢ ⇔≡⇔╕℮≤™℮ ╙№╢  
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7.4.2 (a) r = 0.45╕√│(b)r = 0.75⌐⅔↑╢ ─ Ɽꜝⱷכ♃כŬ 

= 0.1 ◖Ⱨכꜝ◄כ│ ↕╣≡™⌂™ ☺꜠fiⱴ⅜ ↄ⌂╢≤ ⌐ w⅜ ⅝™

│ ⅜╡╩ ∑╢  

  

7.4.3 (a) w = 0.1, (b) w = 0.5 (b) w = 0.9∕╣∙╣─ ⌐⅔↑╢ ɟc ”Static”

│ w = 0∆⌂╦∟ ─╖ ∆╢ ─ ╩ ⇔≡™╢ ◖Ⱨכꜝ◄כ╩ ɛ = 

0.005─ ≢ ⇔≡™╢ 
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⌐ 7.4.3⌐ ∆ ⱪ꜡☿☻⌐⅔™≡◖Ⱨכꜝ◄כ╩ ∆╢↓≤⌐╟╢

╩ ≡╖╟℮ ◖Ⱨכꜝ◄כ╩ ⇔√ Ⱡ♇♩꞉כ◒ │≢ⱶכ◕─ ⌐◄ꜝ

כ ⇔≤─ ⅝⌂ ™│ ↕╣⌂™ ↓╣│ ⌐ ⌐ ╩ ╪∞ ⅜

™╠╣≡™╢⅛╠≢№╢ ⸗♦ꜟ≢│ ╩כꜝ◄ ∆╢↓≤≢ ⅜◄fiⱢfi

☻↕╣╢  

7.4.4⌐ r = 0.55─≤⅝─ ◖Ⱨכ꜠כꜝ◄כ♩⌐⅔↑╢ ╩ ⅝ ⇔≡ ⇔≡

™╢ ⌐ w ─ ◖Ⱨכꜝ◄כ╩ ⅎ∆⅞⌂™ ─ ⌂ ≢ ↕∑╢↓≤≢

⅜ ⌐◄fiⱢfi☻↕╣╢ w ⅜ ⅝™≤⅝│ ◖Ⱨכꜝ◄כ╩ ∆╢↓≤⌐╟╢◄fi

Ɫfi☻ │ ╠╣⌂ↄ⌂╡ ╤ ╩ ↕∑╢ ╩כꜝ◄ ⅎ√≤⅝ ▼☺כ◄

fi♩⌐≥─╟℮⌂ ⅜ ∂≡™╢─∞╤℮⅛ w ⅜ ↕™ ⌐⅔↑╢ⱡ▬☼─ ⌐╟

╢ ♩ⱳ꜡☺כ─ ™╩ ≡╖╟℮ 7.4.5⌐ ∆ r = 0.55, w = 0.1⌐⅔↑╢ ─

╩╖╢≤ ◖Ⱨכꜝ◄כ╩ ⇔≡ ⅜◄fiⱢfi☻↕╣╢ ╩כꜝ◄ ⇔⌂™

⌐ ═≡ ⅜ ⇔ Ⱡ♇♩꞉כ◒─Ⱬ♥꜡ ⅜ ⇔≡™╢↓≤⅜ ⅛╢ ╠⅛

⌐◖Ⱨכꜝ◄כ≤Ⱬ♥꜡Ⱡ☻⌐│ ⅛⇔╠─ ⅜№╢  
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Ⱬ♥꜡ ─ ⌐≈™≡ ∆╢√╘⌐ ▬ⱬfi♩⌐ ∆╢ ╩ ⇔

≡™↓℮ ◖Ⱨכꜝ◄כ│ ⅜♩fi▼☺כ◄≢≡™⅔⌐ ╩◖Ⱨכ∆╢ ⌐

∆╢√╘ ◖Ⱨכ▬ⱬfi♩⌐ ∆╢↓≤≢ ⌐≥─╟℮⌂ ⅜ ∂≡™╢─⅛╩

≢⅝╢ ◦Ⱶꜙ꜠כ◦ꜛfi≢│ ≤⇔≡ IM╩ ™≡™╢√╘ ╩ ⇔≡

│♩fi▼☺כ◄╢™ ╠◖Ⱨכ↕╣╢ ≤⌂╢ ↓↓≢™℮ ╩ ♩fi▼☺כ◄╢∆

│ ⅜ ⅛♩fi▼☺כ◄⌂⅝ C ⌐ ⇔≡ D ≢ ⇔√ ≢♩fi▼☺כ◄

№╢ ↓℮™∫√ ╩ │♩fi▼☺כ◄╢∆ ╠◖Ⱨכ╩ ™⌐ↄ™√╘ ◖Ⱨכ◄

─כꜝ ╩ ⅝ↄ│ ↑⌂™ ◖Ⱨכꜝ◄כ─ ╩ ↑╢─│ ↓℮™∫√ ≤

⅜∫≡™╢ ─ ♩fi▼☺כ◄ ≢№╢ ╠│ ╟╡╙ ─ ™ⱢⱩ

─ ╩◖Ⱨכ⇔⌂⅜╠ ─כ♃☻ꜝ◒⌂ ╩ ⇔≡™ↄ⅜ ◖Ⱨכꜝ◄כ⌐╟∫≡

ⱢⱩ◄כ☺▼fi♩≤─ Ŭ ╩ ⅎ╢ ⅜☻כ◔╢⌂⌐ ∂╢ ↓─ ↓─

7.4.4 ◖Ⱨכꜝ◄כ ɛ≤ ɟc─ α = 0.1─ ╩ ∆  

7.4.5 r = 0.55⌐⅔↑╢ ◖Ⱨכꜝ◄כ ɛ≤ ɟc─ w = 0.1 α 

= 0.1─ ╩ ∆ ⅜כꜝ◄ ↕╣╢≤ ╠⅛⌂♩ⱳ꜡☺כ─ ⅜ ↕╣╢  
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│♩fi▼☺כ◄ ∕─ ─Ⱡ♇♩꞉כ◒ ⌐╟╡ ≢№╢ⱢⱩ◄כ☺▼fi♩⅛╠ ↕

╣╢⅛╙⇔ↄ│ ╠ ∆╢↓≤⌐⌂╢ ∆⌂╦∟ C ⱢⱩ⅜ ⇔√

╩◒כfi♩≤─Ⱡ♇♩꞉▼☺כ◄ ⇔√ ∕─ⱢⱩ│ ♄fi♩≤ꜝfi▼☺כ◄⌂√

ⱶ⌐ ∆╢ ⱢⱩ⅜ ⇔√ ⅜ D ─ⱢⱩ≢│⌂™ ╡ ⌐│ ≢ R╩

╡ ∫≡™╢ C ⱢⱩ─ ⅜ ⅜ ™√╘ √⌂ ⌐♩fi▼☺כ◄ ╩◖Ⱨכ

↕∑≡ ⌂ C ╩כ♃☻ꜝ◒ ≢⅝╢ ≈╕╡ ◖Ⱨכꜝ◄כ╩ ∆╢↓≤≢ C Ɫ

Ⱪ─ ╩ ⌂╦∏⌐ꜞfi◒─ ▬ⱬfi♩⅜ ⇔ ∕╣⌐╟∫≡ ♩fi▼☺כ◄

─Ⱡ♇♩꞉כ◒ ⅜ ↕╣ C ⱢⱩ⅜ ∆╢ ⅜№╢ ↓─╟℮⌂ ⌐╟∫

≡ ╩כꜝ◄ ∆╢↓≤≢ C ⱢⱩ─ ▬ⱬfi♩⅜ ⅎ ⌐↓─ C ⱢⱩ

─ ⅜╟╡ ⇔ Ⱡ♇♩꞉כ◒─Ⱬ♥꜡Ⱡ☻⅜ ∕─ ≤⇔≡ ⅜ ⇔≡

™╢─≢│⌂™⅛≤ ⅎ╠╣╢  

↓↓≢ 7.4.6⌐ ∆ w ─≤⅝─☺꜠fiⱴ↔≤─ ♩ⱳ꜡☺כ╩ ≡╖╟℮  

 

☺꜠fiⱴ⅜ ™ ≢│Ⱡ♇♩꞉כ◒─Ⱬ♥꜡ │∕↓╕≢ ↄ⌂™⅜ ☺꜠fiⱴ⅜ ↄ

⌂╢≤ Ⱡ♇♩꞉כ◒─Ⱬ♥꜡ ⅜ ↄ⌂╢ ∕─ ╩ ≡╢ ☺꜠fiⱴ ↕╩ ⅎ

╢≤ Ⱬ♥꜡ │ ┘ ╩└∕╘╢ ↓╣│ ☺꜠fiⱴ⅜ ∆⅞╢√╘ Ⱡ♇♩꞉כ◒⅜

⇔≡™ↄ ╙ ↄ ╡ⱨ▼כ☼⌐ ↕╣ ≤Ⱡ♇♩꞉כ◒─ ⅜ ⇔≡⇔╕

℮⅛╠≢№╢ 7.4.7⌐ ∆╟℮⌐ w ⅜ ⅝ↄ⌂╢≤ Ⱡ♇♩꞉כ◒⌐│№╢ ─Ⱬ

♥꜡ ⅜№╢╙── │∕↓╕≢ ⅝ↄ⌂ↄ Ⱬ♥꜡Ⱡ☻⅜ ⇔⌂™ ≈╕╡

7.4.6 w = 0.1 α = 0.1─≤⅝─☺꜠fiⱴ↔≤─ ☺꜠fiⱴ ≢Ⱬ♥꜡

⅜ ∆╢ ⌐◖Ⱨכꜝ◄כ╩ ⅎ√≤⅝╒≥∕─ │ ≢№╢ ☺꜠fiⱴ

╩ ⅎ╢≤Ⱡ♇♩꞉כ◒│ ⇔⌂™  
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⇔√╟℮⌂ C ⱢⱩ─Ⱬ♥꜡Ⱡ☻⅜ ∆╢√╘⌐│ Ⱡ♇♩꞉כ◒ ⅜ ∆⅞╢↓≤

│ ≤⌂╢  

7.4.2≢ ⇔√ ⌐╟╢≤ w⅜ ⅝ↄ⌂╢≤ ─ ⅜ ⅝ↄ⌂∫≡⅔╡ ∕

─ 7.4.1⌐╖╢╟℮⌐ ☺꜠fiⱴ ≢│ w ╒≥ ⅜◄fiⱢfi☻↕╣≡™√

⅜ ⇔≡™╢≤™℮↓≤│ C ⅛╠ D ⅜ ⌐ ⇔≡ ⇔≡™╢↓≤╩ ⇔≡

™╢ ∫≡ w⅜ ⅝™≤⅝│ ⌂ⱢⱩ◄כ☺▼fi♩─╟℮⌂╙─│ ∑∏ D כ◄

☺▼fi♩≤≤╙⌐ C ⅜♩fi▼☺כ◄ ∆╢ ⅜ ⇔ ≤⇔

≡╖√≤⅝ ™☺꜠fiⱴ≢╙∕╣⌂╡⌐ ⅜ ↕╣╢╟℮⌂ ⌐⌂∫≡™╢↓≤╩

⇔≡™╢  

 

7.4.8⌐ ∆ ╩ ╢≤ w = 0.9─≤⅝⌐ ─ ≤⌂∫≡™╢ ⱢⱩ

⅜ ⇔⌂™ ⅜ ⌐⌂╢≤™℮ │ ♩fi▼☺כ◄ ⅜∕╣∙╣

7.4.7 Ⱡ♇♩꞉כ◒ w≤ ♩ⱳ꜡☺כ─ r = 0.55 ɛ = 0.005  

7.4.8 Ŭ = 0.1 ɛ = 0.005─≤⅝─ w⅜ ⅝™╒≥ ⅜ ⅝ↄ⌂╢  
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⌐ⱪכꜟ◓⌂↕ ⅛╣≡◒ꜝ☻♃ꜞfi◓⇔≡™╢≤™℮↓≤≢№╢ ⌐ w ─

│ ╩ ⇔≡⅔╡ ─ ⌂ⱢⱩ⌐ ⅜♩fi▼☺כ◄─ ╡ ™≡™

╢ ╩ ⇔≡™╢ 7.4.9⅜ ∆ ─♩fi▼☺כ◄ interaction⌐⅔↑╢ ╩

≡╖╢≤ ⅛⌐ w = 0.1─ │♩fi▼☺כ◄ ⌐ ≥♩fi▼☺כ◄ ⅜

╡╩ ∫≡™╢ w = 0.9─ ⅜♩fi▼☺כ◄ ⌐ ⇔ ∕╣⌐ ∫≡

♩fi▼☺כ◄ ─ interaction─ ⅜ ↄ⌂∫≡™╢  

 

 

─ ⅛╠ w─ ⅝↕⌐╟∫≡ ─ⱪ꜡☿☻│ ⌂╢↓≤⅜ ↕╣√ w⅜

↕™ ☺꜠fiⱴ ↕ ≢│ Ⱬ♥꜡Ⱡ☻─ ⅜ ─ ⌐ ⌂ ≢№

╢≤ ⅎ╠╣ ⌂ ≢ ∆╢◖Ⱨכꜝ◄כ Ⱡ♇♩꞉כ◒ ≤

─Ᵽꜝfi☻⌐╟∫≡ ⌂ⱢⱩ⅜ ⇔ Ⱬ♥꜡Ⱡ☻╩ ↕∑╢↓≤≢ Ⱡ♇♩꞉כ◒

╟╡╙↕╠⌐ ─ ╩ ∆╢ w ─ │ ⌂ⱢⱩ⌐ ╠∏ ─ ™ⱢⱩ

⌐ │כ♃☻ꜝ◒╢╣╠™ ∑∏ ∕↓∕↓ ∆╢ C ╩ ∫√ כ♃☻ꜝ◒

╩ ⌐ ╩ ≥כ♃☻ꜝ◒╢∆ ╩כ♃☻ꜝ◒⌐ ∆╢↓≤≢ ╡

⅛╠─ ╩ ™≢™╢ ╩ ⅝ↄ⇔≡ ─◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮≤ ⅜

∆╢⅜ Ⱡ♇♩꞉כ◒╟╡╙ │ ↄ tolerance parameter╛ⱡ▬☼⌐ ∆╢

│ ─╙─≢№∫√  

─♩fi▼☺כ◄ 7.4.9 ≤∕─ ─ ─ r = 0.1─ ╩ ∆

│ ╩ ∆ Ᵽꜟכfi─ ⅝↕│ i╩ ─♩fi▼☺כ◄╢∆ ╩ ∆  

 

 w=0.1 
 w=0.5 
 w=0.9 
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7.5. 結論 

 ╩ ≤⇔ ∆╢ ≤ ─ ╩ ♩fi▼☺כ◄≈ ≤◒ꜝ☻♃ꜞfi

◓∆╢╟℮⌂ Assortative Attachment rule ≤™℮Ⱡ♇♩꞉כ◒ ⱪ꜡♩◖ꜟ╩ ⇔√

⸗♦ꜟ╩ ⇔√ ↓─ ╖╩ ™╢↓≤≢ Ⱡ♇♩꞉כ◒ ╟╙╡╟ⱶכ◕─≢

╡ ⅜ ∆╢↓≤⅜ ⅛∫√ ─Ⱡ♇♩꞉כ◒ │ꜟכꜟ ╛ ─ ™

≢Ⱡ♇♩꞉כ◒─ ╩ ╘╢╙─⅜ ⅛∫√ ↓╣╠─ │ ╩ ╗ ⅜

⌐ ╩ ⇔√╡ ┼─ ≢ ⅜╡╩ ⇔√╡∆╢ ⅜ ╩

⌐ ∆╢ ─ ≈≢№╢↓≤╩ ⌐ ∆╙─≢№╢ ↓─╟℮⌂ ⅛╠↕╠⌐

╖ ╖ ╖≢│ ╛ ─ “ ╩ ╗ ”╩⸗♦ꜟ⌐ ╖ ╗↓≤≢

─♩fi▼☺כ◄⌂ ⅜ ─ ⌐ ≢№╢↓≤╩ ⇔√ ꜟכꜟ─↓

Assortative Attachment≢│ ⌐♩fi▼☺כ◄─≤ ⇔≡╙ ⌐ ∂≡ ⌐ꜞfi◒

╩ ∆╢ ⅜ ⅎ╠╣╢√╘ Zimmermann╩ ╘≤∆╢ ─ ⸗♦ꜟ⌐⅔↑╢

C ─♩fi▼☺כ◄ ⅝ ╡╛ D ─♩fi▼☺כ◄ ⅝ ╡⌐ ⇔≡─ ⅜ ↄ ↕╣

≡™⌂™ ∆⌂╦∟ ⌐≤∫≡╙ ⌐≤∫≡╙ ⌐ ⌂Ⱡ♇♩꞉כ◒ ꜟ

≥╢№≢ꜟכ ⅎ╢∞╤℮ ↓─ ⌐⅔™≡ ─ ╩ ∑√≤™℮ │

╛ ⅜ real interactions ⌐⅔™≡ ╩ ≢⅝╢─│ ╩ ∆╢⅛╠≢№╢

≤ ⅎ╢⅛╙⇔╣⌂™ ╕√ ╖⌐⅔™≡ w ─ ⌐ Ⱡ♇♩꞉כ◒─Ⱬ♥꜡Ⱡ☻≤

─ ⌐ ⅜ ↕╣√ Ⱡ♇♩꞉כ◒─ ≤╙™ⅎ╢Ⱬ♥꜡Ⱡ☻│

≡⇔≥כ♃◒□ⱨכ◐╢↑⅔⌐ ↄ─ ⅜ ╦╣≡™╢⅜[112] ╙╕√ Ⱡ♇♩

꞉כ◒─Ⱬ♥꜡ ⅜ ─ ⌐ ⇔≡™╢≤™℮↓≤╩ ∆╢ ≤⌂∫√  
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8. 総括結論 

8.1. 結論 

 ≢│ ⱶכ◕ ⌐ ≠ↄ ⸗♦ꜟ╩ ⇔ ─ ╩ ∆╢ ≤

⌐≤∫≡ ⌂ ≤⅜ ⌂╢☺꜠fiⱴ ⌐⅔↑╢ ─ ⱷ◌♬☼ⱶ⌐

∆╢ ─ ╩ ⇔√  

 1 ⌐⅔™≡│ ⱶכ◕ ⅔╟┘ ⱶכ◕ ─ ╡ ∟⅔╟┘ ─ ⌐≈

™≡─ ⌂꜠ⱦꜙכ╩ ⇔ ─ 5 ≈─ ─ ≈≢№╢Ⱡ♇♩꞉כ◒

╩ ╖ ╪∞ ≡™⅔⌐ꜟ♦⸗ⱶכ◕ Ⱡ♇♩꞉כ◒⅔╟┘ ⸗♦ꜟ─ ╖

╦∑⌐⅔↑╢ ⌂╢ ─ ╩ ⇔√ ╕√ ─☺꜠fiⱴ◒ꜝ☻⌐⅔™≡╙ꜚ♬Ᵽ

⌐ꜟ◘כ ≢⅝╢╟℮⌂ ─ⱷ◌♬☼ⱶ⌐≈™≡╟╡ ™ ⅜ ≢№╢ ╩

⇔ ⌐⅔↑╢ ─ ┘ ╩ ⇔√  

 2 ≢│ ─ ⌐⅔™≡ ≤⌂╢ 2×2 2 2 ┘╟⅔ⱶכ◕ Ultimatum 

Game ⱶכ◕ ─ ⌐≈™≡ ⇔√ ≢│ ⌐ⱶכ◕ Ⱡ♇♩꞉

╩◒כ ⇔√Ⱡ♇♩꞉כ◕◒כⱶ⅜ ™╠╣√√╘ Ⱡ♇♩꞉כ◒⌐⅔↑╢ Ɽꜝ

ⱷכ♃כ⅔╟┘Ⱡ♇♩꞉כ◒─ ╡ ∟ Ⱡ♇♩꞉כ◒⌐≡ ♩fi▼☺כ◄√╣↕ ─

─√╘─ ⌐≈™≡ ═√  

 3 ≢│ Ultimatum Game⌐⅔™≡ ┼─○ⱨ□כ⅜ ↕╣╢ⱷ◌♬☼ⱶ╩ ⇔

√ Ultimatum Game╩ ⇔ 2 ─ ≢№╢○ⱨ□כ≤○ⱨ□כ ─

⌐ ⅎ ꜞfi◒ ⌐╟╢Ⱡ♇♩꞉כ◒ ╩ ⇔√ ⸗♦ꜟ╩ ⇔√ ₁⌂ꜞ

fi◒ ⱪ꜡♩◖ꜟ╩ ⇔√ ╩ ⇔ ─ │ ─ ⱪ꜡♩◖ꜟ⌐╟

╡ ⅝ↄ ⌂╢↓≤⅜ ╠⅛≤⌂∫√ ⱪ꜡♩◖ꜟ⌐╟∫≡│ ⌐ ╕⇔™ ╩

╙√╠∆╙─⅜№╢⅜ ⱪ꜡♩◖ꜟ ⌐ ⌐ ≡ ⌂Γ Δ⅜№∫≡

│⌂╠⌂™ ⅛╠ ▬fi☿fi♥▫Ⱪ ⱪ꜡♩◖ꜟ│ ─○ⱨ□כ≤

─ ⌐ ∂≡ꜞfi◒ ∆╢ ⌐│₈ ⌐ ∫√₉ⱪ꜡♩◖ꜟ≢№╡

≤╙ ─≤╣╢ ≤⌂╢↓≤╩ ™√  

 4 ≢│ 2×2Ⱡ♇♩꞉כ◕◒כⱶ⌐⅔™≡ ─ ─ ⌐ ∂≡ ⌂╢

╩ ─ ∆╢ ⌐ ∂√ ≢≤╢↓≤╩ ⇔√ ⸗♦ꜟ

╩ ⇔√ ⌐♩fi▼☺כ◄ ⱷ⸗ꜞכ ╩ ∆╢↓≤│ ─√╘─

⌂ 5 ≈─ ─ ─ ⌐ ∆╢ ≢│ Ⱡ♇♩꞉כ◒ ≤ ≤™
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∫√ ⌂╢ ≈─ ╩ ⌐ⱶכ◕ ∆╢↓≤⌐╟∫≡ ─☺꜠fiⱴ≤♅◐fi

√∫™≥ⱶכ◕ ⌂╢☺꜠fiⱴ◒ꜝ☻⌐⅔™≡╙ ☺꜠fiⱴ◒ꜝ☻⌐⅔™≡∕╣∙╣

⌂ ≢№╢ R ╛ ST ╩ ↕∑╢╟℮⌂ ⅜♩fi▼☺כ◄╩ ⌐

∆╢╟℮⌐ ⇔≡™ↄ↓≤⅜ ⅛∫√ ⌐ ∆╢☺꜠fiⱴ◒ꜝ☻│ ≈≤│

╠⌂™√╘ ─☺꜠fiⱴ◒ꜝ☻ ⌐⅔™≡ ₁ ⌂ ╩ ⌐ ⇔≡™ↄ╟℮

⌐ ∆╢ │ ⌐⅔↑╢ ─ ╢ ™⌐ ™╙─≢№╢≤™℮↓≤⅜≢⅝╢∞

╤℮ ⌐⅔↑╢ │ ⌐⅔↑╢ ─ ⱷ◌♬☼ⱶ ה ⸗♦ꜟ ≤™℮

≢ ─№╢╙─∞∫√≤ ⅎ╠╣╢  

 5 ≢│ ─ ∆╢ ⌐ ∂√ ≢ ⅛ ╩≤╢↓≤╩

∆╢ ⸗♦ꜟ⌐⅔↑╢ ╩ ⇔ↄ ⇔√ ⅛╠

⸗♦ꜟ⌐ ↕╣╢ ⌐╟∫≡ ─♩fi▼☺כ◄╢≥╩ ∟╩ ←↓≤

≢ ─כ♃☻ꜝ◒ ⅜ ≤⌂╢↓≤│ ⅛∫≡™√ ≢│ ⸗♦ꜟ∕─

╙── ╩ꜟכꜟ ⌐ ⇔ ╩ Synchronous⌐ ∆╢⅛ Asynchronous⌐

∆╢⅛≤™℮ ™⌐╕≢ ∟ ╡ ⸗♦ꜟ─ ╡ ∟╩ ⇔√ ─

⸗♦ꜟ⌐⅔↑╢ ╠⅞⌐╟╢ ⌐╟∫≡ ⅜כ♃☻ꜝ◒ ⌐ ⇔

☺꜠fiⱴ ┘ ─ ™ Ⱡ♇♩꞉כ◒ ⌐⅔™≡╙ ─ ⅝ ╡

⅜ ⌂◦♫ꜞ○⅜ ∆╢≤™℮↓≤╩ ⇔√ ↓╣│ ⸗♦ꜟ⅜ ─ ⌐

∆╢ⱷ◌♬☼ⱶ╩╟╡ ⌐ ⅝ ⅛⇔√╙─≢№╡ ╢↑⅔⌐ꜟ♦⸗ⱶכ◕

⌂ ≤ ⌐⅔↑╢ ⱷ◌♬☼ⱶ─ ≤™℮ ⌐⅔™≡ ⅝⌂ ≢№∫

√≤™ⅎ╢  

 6 ≢│ 5 ⌐ ⅝ ⅝ ⸗♦ꜟ⌐⅔↑╢ ─ ⱷ◌♬☼ⱶ⌐≈™≡

⌐ ∆╢√╘ ─ ⸗♦ꜟ≤ ⌂ ⸗♦ꜟ≤╩ ⌐ ≢⅝╢╟

℮⌐⇔ ⅛╠ ⌂ ⌂ ≤™℮ ⌐ ⌐╟╢

─ ─ ™╩ ⇔√ ⌐⅔↑╢ ⌐╟╡ ⌂ ≢│⌂ↄ ≢╙

⌐ ╩ ∆╢ ⅜♩fi▼☺כ◄ ⌐ ∆╢↓≤⌐╟∫≡ ◒ꜝ☻♃

─כ ⅜ ≤⌂╢↓≤╩ ⇔√ ↓─ │ 5 ⌐╟∫≡ ⅝ ↕╣√ ⌐

╟╢ ≤ ─ ─ ╩╟╡ ⌐ ∆╢ ≢№∫√≤™ⅎ╢ ╕√ ╙

√╠↕╣√ ╩ ╢≤ ≥∫∟≈⅛∏─ ─♩fi▼☺כ◄╢≥╩ ⅜ ─

⌐ ⇔≡™╢≤ ⅎ╢↓≤⅛╠ ⌐╙ ⌐ ╪∞ ╩ ╢↓≤⅜≢⅝√≤™

ⅎ╢∞╤℮  
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 7 ≢│ ⸗♦ꜟ⌐⅔™≡ Ⱡ♇♩꞉כ◒╩ ⇔√ ⸗♦ꜟ⌐

∆╢ ≤Ⱡ♇♩꞉כ◒─ ─ │ ↄ│ ╦╣≡™⌂⅛∫√ ≢│ ▼☺כ◄

fi♩─ ∟℮╢ ─ ⌐ ⇔√Ⱡ♇♩꞉כ◒ ⱪ꜡♩◖ꜟ╩ ⇔

√ ─ ⸗♦ꜟ≢ ™╠╣≡™╢Ⱡ♇♩꞉כ◒ ⱪ꜡♩◖ꜟ│ ─ ╛

⌐ ≠™≡ ⌐ ה ╩ ℮╙─≤⌂∫≡™╢↓≤⅛╠ ─ ╛

⌐≤∫≡ ╕⇔™ ─ ╩ ⌐ ∆╢ ≢№╢≤ ⅎ⌂ↄ╙⌂⅛∫√ ≢

↕╣√ⱪ꜡♩◖ꜟ╩ ™╢↓≤⌐╟∫≡ ─♩fi▼☺כ◄ ♩כꜙ♬℮™≥

ꜝꜟ⌂ ⌐ ≠ↄ ╩ꜟכꜟ ™√≤⇔≡╙ ─ ⅜ ⌐ ↕╣╢↓≤╩ ╠

⅛⌐⇔√ │ꜟכꜟ ⸗♦ꜟ≢─╖ ╡№≢ꜟכꜟ╢⅝≢ √⌂ כ◕

ⱶ ─ ╩ ∆╢↓≤⅜≢⅝√≤ ⅎ╢ ╕√ ≤™℮ ⌐≤∫≡ ⌂

╩ ⱶכ◕ ⸗♦ꜟ⌐ ∆╢↓≤≢ ─ ╩ ≢⅝√≤™℮ │

⌐╙ ⌐ ╗ ╩ ╠╣√≤ ⅎ╢  

 

8.2. 今後の展望 

≢─⸗♦ꜟ ≤⇔≡ ⇔√ ⱶכ◕ ≢│⸗♦ꜟ ─ ◄

─♩fi▼☺כ ╩ ╕√│ ╡─ 2 ⌐ ∆╢↓≤≢ ≤ ≤

≤─ ≢ ∂╢ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ↓─ ≢ ╩ ∆╢↓

≤≢ ♩fi▼☺כ◄ ─ ╩Ⱳ♩ⱶ▪♇ⱪ ⌐ ⇔ ⌐ ─ ⌐

╢ ↓─ ╩ⱴꜟ♅◄כ☺▼fi♩◦Ⱶꜙ꜠כ◦ꜛfi Multi Agent Simulation MAS ≤ ┬

↓─ ─ │ ↑꞉כ♥☻◒כ◦ꜛfi꜠ⱬꜟ─ ≢╙ ⌐ ╩

ⅎ╢ ⌐№╢ ╕√ ♩fi▼☺כ◄ ─ ╛ ⱶכ◕╩ ⌐ ≠⅝ ⌐

⇔≡™╢√╘ ↓╕⅛⌂ ╩⸗♦ꜟ ⌐ ⇔≡™⌂™ ◦fiⱪꜟ⌂ꜟכꜟ≢

╩ ≢⅝╢─⅜ⱴꜟ♅◄כ☺▼fi♩─ ⅝⌂ ≢№╢ ⱶכ◕ MAS⸗♦ꜟ╩

™╣┌ ⱶכ◕ ≢│ ↑⌂⅛∫√ ≤⇔≡ ╕⇔™ ⌐ ↕∑

╢↓≤⅜≢⅝⌂⅛∫√ ☺꜠fiⱴ ⌐⅔™≡╙ ─ ⅜ ╕╢╟℮⌂

⌐ ⅜ ∆╢≤™℮ ╩ ╠╣╢ ⱶכ◕ ⌐⅔↑╢◦Ⱶꜙ꜠כ◦ꜛfi⸗♦

ꜟ⅜№╢ ─ ╩ ∆ ⸗♦ꜟ≤⇔≡─ ╩ ∫≡™╢≤∆╣┌ ☺꜠fi

ⱴ⅜ ⅛╣╢ⱷ◌♬☼ⱶ╩ ∆╢↓≤≢ ⌐⅔↑╢ ─ ☺꜠fiⱴ╩ ∆

╢ⱷ◌♬☼ⱶ╩ ∆╢ ⌐⌂╡ⅎ╢∞╤℮  

─◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ⌐⅔™≡ ⱶכ◕ ─ ╩ ™≡
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⸗♦ꜟ─ ╩ ™ ♪ꜝ▬Ᵽכ─ ─ ╛ ↕╣╢ ⌐╟∫≡ ─

⅜ ╕╢ ⌐ ∆╢ ╩ ∆╢ ╖⅜ ╦╣≡™╢ ╕√ ⱶכ◕ ─

╖⌐꞉◒♅fi ─ ╩ ╖ ╗↓≤≢ ⌐⅔↑╢►▬ꜟ☻─ ╛ ►▬ꜟ

☻─ ╩ ←√╘⌐꞉◒♅fi ╩ ∆╢√╘─ ⌂ ╛ ◦☻♥ⱶ─ ╩

∆╢≤™℮ ⱶכ◕ ─ ╙ ╪⌐⌂∫≡⅝≡™╢ ─ ╩ ⸗♦ꜟ

⌐╟╡ ⌐ ⇔╟℮≤∆╢≤ ⌐ ╩ ∆╢√╘─Ɽꜝⱷכ♃כ╩

∆╢ ⅜ ≡ↄ╢ ⸗♦ꜟ⌐⅔™≡ ╩ ∆╢ ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦

ꜟ ⌐ ∆╢ ≡∫╟⌐כ♃כⱤꜝⱷה ⅜ ⅝ↄ ╦∫≡ↄ╢ ⅜№╡ ↓╣│

∆╢ ⌐╟∫≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ─ ⇔√ ⌐◖fi♩꜡כꜟ≢⅝≡⇔╕℮

⅜№╢≤╙™ⅎ╢⅜ ∆╢ ⌐╟∫≡ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⇔ↄ

∆╢↓≤≢ ─♄▬♫Ⱶ◒☻╛ ⱶכ◕ ⱬכ☻─ ⸗♦ꜟ⌐ ∆╢ ™

╩ ╢↓≤⅜≢⅝╢≤╙™ⅎ╢ ╕√ ⸗♦ꜟ╩ ∆╢ ⱬכ☻≤⌂╢ ⱶכ◕

⸗♦ꜟ∕╣ ─ ╡ ∟⅜ ╦⇔™╙─≢№╣┌ ∕─╙─│ ╩⌂↕⌂™ ⌂−

⌂╠ ⸗♦ꜟ∕╣ │ ─ ╩∕╣╠⇔ↄ ⇔≡™╢↓≤⅜ ⌐№╢⅛╠

≢№╢ ≈╕╡ ∆╢ ⸗♦ꜟ⌐│ ⌐ ╢ ≠↑╠╣√╙─╩ ™⌂↑╣

┌ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ™√ ▪ⱪ꜡כ♅⌐╟∫≡ ⌂ ╩ ╠╣≡™╢≤│

ⅎ⌂™∞╤℮ ≤⇔≡ ─ ⌐⅔↑╢ ⌐ ⱶכ◕ ⌐⅔↑╢

─ ╖╩ ⇔√ ⸗♦ꜟ╩ ⇔ ⌐ ╩ ∆╢√╘⌐│ ≤⇔≡

─ ⱶכ◕ ≤∕─ ⸗♦ꜟ∕─╙─⌐ ∆╢ │╛│╡ ≢№╢≤™ⅎ

╢∞╤℮  

≢│ ─ ⌐☻כⱶ⸗♦ꜟ╩ⱬכ◕ Ⱡ♇♩꞉כ◒ ╛ Ⱡ♇♩꞉כ◒

≤™∫√ ⌂ ─ ╩ ╖ ╦∑ ⌐ ⸗♦ꜟ⌐╟╢

⅜≥─ ⌐ ╩ ╓∆─⅛≤™℮ ╩ ⇔ ─ ─ ╩ ⇔√

⸗♦ꜟ╛ ─ⱶכ◕ ╩ ∆ ∕─╙─⌐ ∆╢ ⅜ ╪≢⅝√

ה ─ꜝfi♄ⱶ⌂ ╢ ™╩ ∆╢≤™℮ ⅛╠ ⸗♦ꜟ⌐ ↕╣╢

╟℮⌂ ╛ ─ ≤─ ╖ ╦∑╛ Ⱡ♇♩꞉כ◒ ╩ ♦⸗ⱶכ◕

ꜟ⌐ ⇔ ⌐ ⇔≡™ↄ↓≤│ ╢⌂╠↕─ꜟ♦⸗ⱶכ◕ ⌐ ≢№╢≤

ⅎ╢ ⌐╟∫≡ ↕╣√⸗♦ꜟ│ ⌐╟∫≡ ╠╣√ ╩ ⇔ ↕∑

√╙─≢№╢√╘ ⌐≡ ↕╣√ ╡╟≡∫╟⌐ꜟ♦⸗ⱶכ◕ ⌂

╩ ꜟ♦⸗ⱶכ◕ ≢ ⌐ ≢⅝╢╟℮⌐⌂∫√≤™ⅎ╢∞╤℮ ↓↓≢
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─ ꜟ♦⸗ⱶכ◕ ╩ ≤∆╢⌂╠┌ ꞉◒♅fi ⸗♦ꜟ╛ ⸗♦ꜟ│

─ⱶכ◕ ╖╩ ⇔√ ⸗♦ꜟ≤™ⅎ╢∞╤℮ ⌐╟╢ √⌂ ⌐╟∫≡╟

╡ ⌂ ╩ ≢ⱶכ◕ ≢⅝╢╟℮⌐⌂∫√↓≤⅛╠ ─ ⅜

─ ╖⌐≤╠╦╣∏ ⸗♦ꜟ┼─ ≤™℮ ≢╙ ⱶכ◕ ─ ╩

→√≤ ™√™ ↕╠⌐ ≢│ ─ⱦ☺Ⱡ☻─ ⌐⅔™≡╙ ─ ─ⱶכ◕

╖≢ ™╠╣≡⅝≡™√ ─ ≈≢№╢ ▪ꜟ◗ꜞ☼ⱶ╩ ™ ─

⅜ ╖ ╦↕╣√ ⌂ ⌐⅔↑╢ ╩ ℮≤™℮↓≤╙ ⌐⌂╡≈≈

№╡ ⌐⅔↑╢ ▪ꜟ◗ꜞ☼ⱶ┼─ ≤™℮ ≢╙ ─ⱶכ◕

─ │ ⅜∫≡™╢≤ ⅎ╢∞╤℮ ⅜ ⌂╡≤╙ ─ ⱶכ◕

─ ⌐ ∆╢↓≤╩ ⇔ ≤∆╢  
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