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Abstract 

Following to the work by Kishimoto et al. [3], we find non trivial enhancement of network reciprocity for 
Prisoner’s Dilemma Games with expanding adaptation neighborhood by the strategy-shifting from continuous 
to discrete. On the proposed model, agents form clusters with mid-cooperative strategy at the early stage in an 
episode even if the dilemma strength is strong. And small number of them change to entire cooperative clusters 
(C-clusters) after the strategy shifting. It follows that those small number of C-clusters survived can easily 
expand by imposing lots of neighboring defectors to have C. Why this mechanism works is discussed from 
detailed dynamics. 
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⨨㸪ษ᭰ᡓ␎ࡣ࡚࠸࠾࡟㸪�ึᮇ୍࡟ᵝ஘ᩘ࡛᣺࣒ࢲࣥࣛࡓࢀࡽ

್␎㸪ᡓࡣ⾜㸬ྛヨࡿࡍ⨨㓄ࢆࢺ࢙ࣥࢪ࣮࢚ࡘᣢࢆ␎㐃⥆ᡓ࡞

㸬ࡿࡅ⥆࡛ࡲࡿࡏ࡞ࡳ࡜⾮␲ఝᆒࡾ࡞ࡃࡉ༑ศᑠࡀᦤືࡢᖹᆒࡢ

ᦤືࡀ኱ࡃࡁᆒ⾮࡟㐩ࡓࡗ࠿࡞ࡉሙྜࡣ㸪ୖ㝈࡛ࡿ࠶ ����� ᫬

㛫ࡢࣉࢵࢸࢫ���⤊᭱ࡢࣉࢵࢸࢫᖹᆒࢆࢱ࣮ࢹ⟬ฟࡿࡍ㸬�

2.5 Enduring㸦END㸧㸧㸧㸧 and Expanding

㸦EXP㸧㸧㸧㸧periods 
ᅗ3;)࡜'1)࡟࠺ࡼࡍ♧࡟�ᮇ㛫ࢆᐃ⩏ࡿࡍ㸬ึ ᮇ༠ㄪ⋡���

ࡿࡍ๓ᚋ┦࡟⯡ሙྜ㸪୍ࡢࢫࢭࣟࣉ㐍໬࡞඾ᆺⓗࡿࡵጞࡽ࠿ �

ẁ㝵ࡀᏑᅾࡿࡍ㸬ࡕࢃ࡞ࡍ㸪༠ㄪ⋡ࡀᛴ⃭࡟ୗࡿࡀẁ㝵㸪༠ㄪ

࢚'ࡀࢺ࢙ࣥࢪ࣮࢚&ࢆ⪅㸬๓ࡿ࠶ẁ㝵࡛ࡿࡍ᪼ୖ࡟ࠎᚎࡀ⋠

1)��㸦HQGXULQJࡪᚸ࠼⪏࡟౵くࡢࢺ࢙ࣥࢪ࣮'㸧ᮇ㛫ࡋ࡜㸪ᚋ⪅

ࢆ (1' ࡓࡗṧࡁ⏕ࢆ & �㸦H[SDQGLXQJࡃ࠸࡚ࡋᣑ኱ࡀࢱࢫࣛࢡ�

(;3㸧ᮇ㛫ࡿࡍ࡜>�@>�@��

3 ⤖ᯝཬࡧ⪃ᐹ⤖ᯝཬࡧ⪃ᐹ⤖ᯝཬࡧ⪃ᐹ⤖ᯝཬࡧ⪃ᐹ 
ᅗ3࡟�'඲㡿ᇦࡢᖹᆒ༠ㄪ⋡ࡍ♧ࢆ㸬㞳ᩓᡓ␎㸪ษ᭰ᡓ␎ࡶ࡜ᣑ

ᙇࣔࡣࣝࢹᚑ᮶ࣔ࡟ࣝࢹẚ࡚࡭㧗࠸༠ㄪ⋡ࡿ࠸࡚ࡋ♧ࢆ㸬ྠࡓࡲ�

⋠༠ㄪ࠸㧗࡚࡭ẚ࡟␎㞳ᩓᡓࡀ᪉ࡢ␎㸪ษ᭰ᡓࡶ࡛ࣝࢹᣑᙇࣔࡌ

㸬௨㝆㸪ୖࡿ࠿ศࡀ࡜ࡇࡿ࡞࡜ グࡢ⤖ᯝ࡚࠸ࡘ࡟⪃ᐹࡿࡍ㸬ࡎࡲ�

ᣑᙇࣔࡢࣝࢹᚑ᮶ࣔ࡟ࣝࢹᑐࡿࡍඃ఩ᛶ࡚࠸ࡘ࡟㸪㞳ᩓᡓ␎ࡽ࠿

⪃ᐹࡿࡍ㸬ᅗ�㸦D㸧㸪㸦E㸧ࣝࣈࣥࢧࣥ࢔���࡟ᖹᆒᆒ⾮༠ㄪ⋡ࡢ'J
㸫'U┦ᅗࡍ♧ࢆ㸬┦ᅗྑࡢୗࣥ࢟ࢳࡕࢃ࡞ࡍᆺ࣐ࣥࣞࢪᙅ㸪㮵⊁

ࡉ྾ᘬ࡟ࣟࢮ⋠༠ㄪࡣ࡛ࣝࢹ㸪ᚑ᮶ࣔࡣ㡿ᇦ࡛ࡢᙉ࣐ࣥࣞࢪᆺࡾ

㸬ࡿ࠸࡚ࡋ♧ࢆHQKDQFHຠᯝ࠸㧗ࡣ࡛ࣝࢹ㸪ᣑᙇࣔࡋᑐ࡟ࡢࡿ࠸࡚ࢀ

ࡋ࡜௦⾲౛ࡢ㡿ᇦࡢࡇ '࡚U ���㸪'J ࡿࡅ࠾࡟���ᚑ᮶ࣔࣝࢹ㸪ᣑᙇ

ࢆ�㸬ᅗࡍ♧࡟�ᅗࢆࢺࢵࣙࢩࣉࢵࢼࢫࡢࢻ࣮ࢯࣆ࢚⾲௦ࡢࣝࢹࣔ

ぢ࡜ࡿ㸪ᚑ᮶ࣔࡁ⏕ࡣ࡛ࣝࢹṧࡀࢱࢫࣛࢡࡓࡗᏳᐃ≧ែ࡟ධ࡚ࡗ

࡞ࡁ኱ࡋྜ⤖ᣑ኱㸪ࡀࢱࢫࣛࢡྛࡣ࡛ࣝࢹ㸪ᣑᙇࣔࡋᑐ࡟ࡢࡿ࠸

ࣝࢹ㸪ᚑ᮶ࣔࡾࡼ࡟ࢀࡇ㸬ࡿ࠿ศࡀ࡜ࡇࡿ࠸࡚ࡋᙧᡂࢆࢱࢫࣛࢡ

࠼⪄࡜ࡓࢀࡉ㐩ᡂࡀ⋠༠ㄪ࠸㧗ࡣ࡛ࣝࢹ༠ㄪ⋡㸪ᣑᙇࣔ࠸పࡣ࡛

⏝ᡓ␎㐺ࡢࢡ࣮࣡ࢺࢵࢿ㸪ࡾ࠾࡜ࡓ࡭㏙ࡶ࡟ゝ⥴ࡣࢀࡇ㸬ࡿࢀࡽ

⠊ᅖࢆᣑࢱࢫࣛࢡࡾࡼ࡟࡜ࡇࡓࡆቃ⏺ࡀࢺ࢙ࣥࢪ࣮࢚'ࡢ㸪ࢫࣛࢡ



3 

࡟㐺ᛂ⠊ᅖࢆࢺ࢙ࣥࢪ࣮࢚&㧗฼ᚓࡿ࠸࡚ࡗྜࡾྲྀࢆ�5ࡢෆ㒊ࢱ

ከࡾ࡞࡟࠺ࡼࡴྵࡃ㸪ቃ⏺'ࡀࢺ࢙ࣥࢪ࣮࢚&໬ࡋ㸪ࡀࢱࢫࣛࢡᣑ

኱ࡿࢀࡽ࠼⪄࡜ࡔࡽ࠿ࡓࡋ㸬��

ḟ࡟ษ᭰ᡓ␎ࡿࡅ࠾࡟ᣑᙇࣔࡢࣝࢹᚑ᮶ࣔ࡟ࣝࢹᑐࡿࡍඃ఩

ᛶ㸪࡟ࡧࡽ࡞㞳ᩓᡓ␎࡟ᑐࡿࡍඃ఩ᛶ࡚࠸ࡘ࡟⪃ᐹࡿࡍ㸬��

෌ࡧᅗ�㸦F㸧㸪㸦G㸧ࡢ'J���'U┦ᅗ࡟ᡠ࡜ࡿ㸪ࣥ࢟ࢳᆺ࣐ࣥࣞࢪᙅ㸪

㮵⊁ࡾᆺ࣐ࣥࣞࢪᙉࡢ㡿ᇦ࡚࠸࠾࡟㸪ᣑᙇࣔࡀࣝࢹᚑ᮶ࣔ࡟ࣝࢹ

ẚ࡚࡭㧗࠸༠ㄪ⋡ࡿ࠸࡚ࡋ♧ࢆ㸬ࡣࢀࡇ㞳ᩓᡓ␎ࡢ᫬ྠ࡜ᵝ࡛࠶

㒊ࡢᙉ࣐ࣥࣞࢪᆺࣥ࢟ࢳࡕࢃ࡞ࡍ㸪┦ᅗୖ㒊ࡣࡢ࡞㸪≉ᚩⓗࡀࡿ

ศ࡚࠸࠾࡟ษ᥮ᡓ␎ࡘ࠿ᣑᙇࣔࡣ࡛ࣝࢹ㸪ࡿ࠶⛬ᗘࡢ༠ㄪ⋡ࢆಖ

ษ᭰ᡓ␎�ᣑ࡟�㸪ᅗ࡚ࡋ࡜௦⾲౛ࡢ㡿ᇦࡢࡇ㸬ࡿ࠶࡛࡜ࡇࡿ࠸࡚ࡗ

ᙇࣔࢹ 'ࣝU ���㸪'J ࡿࡅ࠾࡟���௦⾲ࢵࣙࢩࣉࢵࢼࢫࡢࢻ࣮ࢯࣆ࢚

ከࡀࢱࢫࣛࢡࡢ␎୰㛫ⓗᡓ'�&࡟㸪(1'ᮇ㛫࡜ࡿぢࢆ�㸬ᅗࡍ♧ࢆࢺ

ᩘᙧᡂࢀࡉ㸪ࡀ࠿ࡘࡃ࠸ࡢࡽࢀࡇษ᭰᫬࡟᏶඲༠ㄪ࡟ࢱࢫࣛࢡኚ

᥮ࡿࢀࡉ㸬ࡣࢀࡇ⥴ゝ࡛ࡶ㏙ࡾ࠾࡜ࡓ࡭㸪ษ᭰ᡓ␎1)ࡢ'ᮇ㛫ࡣ㐃

⥆ᡓ␎ࡿ࠶࡛࣒࣮ࢤⅭ㸪㞳ᩓᡓ␎ࡶࡾࡼ࣒࣮ࢤ⿬ษࡾᡓ␎ࡢ౵く

㸪�ࡵࡓ࠸࡞࠸࠿ࡋ⪅ࡾ⿬ษ࡞➃୰㏵༙࡛⛥ࡣ⪅ࡾ᏶඲⿬ษ�ࡃᙅࡀ

༠ㄪⓗࢱࢫࣛࢡ㸦↓ㄽ㸪͇࡛ࡲࡃ࠶୰㏵༙➃͇࡞༠ㄪ⪅ࢫࣛࢡࡢ

㸪࡜ࡿࡍ┠╔࡟3ᮇ㛫;)࡟㸬ḟࡿࢀࡽ࠼⪄࡜Ⅽ࠸ࡍࡸࢀࡉᙧᡂࡀ㸧ࢱ

ࡇ㸬ࡿ࠿ศࡀ࡜ࡇࡿ࠸࡚ࡋ㏉ࡾ⧞ࢆᣑ኱㸪ศ⿣ࡀࢱࢫࣛࢡࡢᩘ「

㏆࡙ࡀ⏺ቃࡋᣑ኱ࡀࢱࢫࣛࢡ&ࡢᩘ「ᨾ㸪ࡀࡿ࠶࡛࣐ࣥࣞࢪᙉࡣࢀ

ࢺ࢙ࣥࢪ࣮࢚&⏺㸪ቃࡾ࡞ࡃ㧗ࡀ฼ᚓࡢࢺ࢙ࣥࢪ࣮࢚'⏺㸪ቃ࡜ࡃ

ࡣࢱࢫࣛࢡ&ࡓࡋᚋ⦰ᑠศ⿣ࡢࡑ㸪ࡋᑠศ⿣⦰ࡀࢱࢫࣛࢡࡋ໬'ࡀ

෌ࡧ௚ࡢ࡜ࢱࢫࣛࢡ&ࡢቃ⏺ࡀ㏆࡙࡛ࡲࡃᣑ኱ࡿࡍ㸪ࢆ࡜ࡇ࠺࠸࡜

ࢳ㸪ࡣ࡛ࣝࢹ㸪ษ᭰ᡓ␎�ᣑᙇࣔࡾࡼ࡟㸬௨ୖࡿ࠶࡛ࡽ࠿ࡍ㏉ࡾ⧞

ࢆ⋠༠ㄪࡢᗘ⛬ࡿ࠶㸪࡚࠸࠾࡟ᵓ㐀࣒࣮ࢤ࠸ᙉࡀ࣐ࣥࣞࢪᆺࣥ࢟

ಖࡕᚓࡿࢀࡽ࠼⪄࡜ࡔࡢࡿ㸬�

ୖグ࡟࠺ࡼࡢ㸪㞳ᩓᡓ␎�ᣑᙇࣔ࡟ࣝࢹᑐ࡚ࡋ኱ࡃࡁඃ఩ᛶࢆᣢ

࠸࡞ࢀྲྀࡳㄞࡣ㸪㸦'J㸫'U┦ᅗ࡛ࡀࡿ࠶࡛ࣝࢹษ᭰ᡓ␎�ᣑᙇࣔࡘ

㸧ࡀ 6.0≥rD 㸪'J� ࡢ�����㡿ᇦ࡚࠸࠾࡟㸪࡟࠿ࡎࢃ㸦ᖹᆒ༠ㄪ⋡

ࡋ♧ࢆ⋠༠ㄪ࠸㧗ࡀ᪉ࡢࣝࢹᗘ㸧㞳ᩓᡓ␎�ᣑᙇࣔ⛬���ࡑࡼ࠾࡛

'1)࡟ᨾࡀࡿ࠶㹰ᙉ࡛'ࡣ㡿ᇦࡢࡇ㸬ࡿࡍᐹ⪄࡚࠸ࡘ࡟ࢀࡇ㸬ࡿ࠸࡚

ᮇ㛫ࡁ⏕࡚࠸࠾࡟ṧࡿᣑ኱ྍ⬟ࡀᩘࡢࢱࢫࣛࢡ࡞㞳ᩓᡓ␎㸪ษ᭰

ᡓ␎ࡶ࡜ᑡࡿ࠸࡚ࡗ࡞ࡃ࡞㸬㞳ᩓᡓ␎ࡢሙྜࡣ㸪ࢫࣛࢡࡢࡽࢀࡇ

ࡁ⏕㸪ࡣሙྜࡢ␎㸪ษ᭰ᡓࡀࡿᚓࢆ⋠㧗༠ㄪࡋ3ᮇ㛫࡛ᣑ኱;)ࡀࢱ

ṧࡀᩘࡢࢱࢫࣛࢡࡓࡗᑡ࠸࡞Ⅽ࡟㸪㐃⥆ࡽ࠿㞳ᩓᡓ␎ࡢ࡬ษ᭰࡟

ࢯࣆ࢚ࡿࡍ྾ᘬ࡟ࣟࢮ⋠༠ㄪ࠸ࡲࡋ࡚ࡋ⁛ᾘࡀࢱࢫࣛࢡ㸪࡚ࡗࡼ

ᖹᆒᆒ⾮༠ࡢࢻ࣮ࢯࣆ࢚㸪඲ࡾࡼ࡟ࢀࡇ㸬ࡿࢀ⌧࠿ࡘࡃ࠸ࡀࢻ࣮

ㄪ⋡ࢆẚ࡜ࡿ࡭㞳ᩓᡓ␎ࡢ᪉ࡀࡔ࠿ࡎࢃࡀ㧗༠ㄪ⋡࠼⪄࡜ࡍ♧ࢆ

࡞⬟ᣑ኱ྍ࡚࠸࠾࡟␎㸪㞳ᩓᡓ࡜ࡿ࡞࡟���� �J'ࡀࢀࡇ㸬ࡿࢀࡽ

ࡧ㸪෌ࡵࡓࡿࡃ࡚ࢀ⌧ࡃከࡀࢻ࣮ࢯࣆ࢚࠸࡞ࢀṧࡁ⏕ࡀࢱࢫࣛࢡ

ษ᭰ᡓ␎ࡀඃ఩ࡿࢀࡽ࠼⪄࡜ࡿ࡞࡟㸬�

᭱ᚋ࡟㸪ษ᭰ᡓ␎�ᣑᙇࣔࡿ࠶࡛ࣝࢹ⛬ᗘࡢ༠ㄪ⋡࡛ᖹ⾮≧ែ࡟

㐩ࡿࡍ 0.16.0 ≤≤ gD ࡟㸬ඛ࠺ࡼࡋゝཬ࡟㇟⌧࠸῝࿡⯆ࡢ࡛┦ࡢ

㏙࡟࠺ࡼࡓ࡭㸪ࢱࢫࣛࢡࡀࢻ࣮ࢯࣆ࢚ࡢ࡝ࢇ࡜࡯ࡣ࡛┦ࡢࡇ㛫ࡢ

┦஫ᖸ΅ࡾࡼ࡟ᣑ኱⦰ᑠࡾ⧞ࢆ㏉ࡋ୰⛬ᗘࡢ༠ㄪ⋡࡟ⴠࡀࡃ╔ࡕ㸪�

ࢯࣆ࢚ࡢࡇ㸬ࡿࡌ⏕࡟ⓗ⋠☜ࡶࢻ࣮ࢯࣆ࢚ࡿ⮳࡟⋠༠ㄪ࠸㧗࡟⛥

㸪࡜ࡿぢࢆࢺࢵࣙࢩࣉࢵࢼࢫ㸬ࡍ♧࡟�ᅗࢆࢺࢵࣙࢩࣉࢵࢼࢫࡢࢻ࣮

ษ࡚᭰ࡗࡼ࡟ᣑ኱ྍ⬟ࡀࢱࢫࣛࢡ࡞ከᩘᙧᡂࢀࡉ㸪ࡀࡽࢀࡑᣑ኱

ࣛࢡࡢࡘᯝ㸪㸯⤖ࡢࡑ㸪ࡀࡿࡍᑠ⦰࡚ࡋ΅஫ᖸ┦࡟࠺ࡼࡢ๓グࡋ

ࢱࢫࣛࢡ࡞⬟㸪ᣑ኱ྍࡋ⁛ᾘࡃ࡞࡜ࡇࡿࡍ඲࡚෌ᣑ኱ࡣ௨እࢱࢫ

ࢀ࡞࡟ἣ≦ࡢࡇࡧࡓ࡜ࡦ㸬ࡿ⮳࡟ែ≦࠺࠸࡜ࡿṧࡁ⏕ࡳࡢࡘ㸯ࡀ

ࢡ&ࡓࡗṧࡁ⏕ࡢࡇⅭ㸪࠸࡞ࡋᏑᅾࡀࢱࢫࣛࢡ&ࡿࡍ΅㸪┦஫ᖸࡤ

ࡍ඲ဨ༠ㄪࡰ࡯࡟ⓗ⤊࡚᭱ࡋ໬&ࢆ඲య࣒ࢸࢫࢩࡋᣑ኱ࡀࢱࢫࣛ

㸬ࡿࢀࡉ㐩ᡂࡀ┦ࡿ 0.16.0 ≤≤ gD ィ⤫ࡢࢻ࣮ࢯࣆ࢚㡿ᇦ࡛඲ࡢ

㐩ࢆ⋠༠ㄪ࠸㧗ࡾ࡞࡟ἣ≦ࡢࡇࡀࢻ࣮ࢯࣆ࢚ࡢ����㸪⣙࡜ࡿྲྀࢆ

ᡂࡿ࠸࡚ࡋ㸬�

4 ⤖ㄒ⤖ㄒ⤖ㄒ⤖ㄒ 
ษ᭰ᡓࡓࡋሗ࿌࡟㸪ඛ࡚ࡋ㛵㐃࡟஫ᜨࢡ࣮࣡ࢺࢵࢿࡿࡅ࠾࡟'3

ࢤ࣐ࣥࣞࢪᅃேࡢୖࢡ࣮࣡ࢺࢵࢿࡓࡋᣑ኱ࢆ㸪ᡓ␎㐺⏝⠊ᅖࢆ␎

ᮏᥦ᱌ࡓࡲ㸬ࡓࡋⓎぢࢆ࡜ࡇࡿࢀࡉHQKDQFHࡀ㸪༠ㄪࡋ⏝㐺࡟࣒࣮

ࣆ࢚ࡿࡍ㐩ᡂࢆ⋠༠ㄪ࠸㧗࡟⛥ୗ࡛࣐ࣥࣞࢪ㸪ᙉ࡚࠸࠾࡟ࣝࢹࣔ

�㸬ࡓࡋ♧ࢆ㇟஦࠸῝࿡⯆࠺࠸࡜ࡿ࠶ࡀࢻ࣮ࢯ

 

ㅰ㎡ㅰ㎡ㅰ㎡ㅰ㎡ 
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��㸬ࡿࡍ⾲ࢆㅰព࡚ࡋ㸬グࡿࡼ࡟㈈ᅋ✲◊ࢫࣝ
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Turn END to EXP when cooperation
clusters successfully survive neighboring
defector’s invasions
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