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ୈ 1ষ ং

1.1 എܠ

ۙɼғޟϓϩάϥϜͷྗعΞϚνϡΞߴஈऀϨϕϧ·Ͱ౸ୡ͍ͯ͠Δɽͦͷྗع·

ͰҾ্͖ٕ͛ͨज़ͷͻͱ͕ͭɼKocsisͱ SzepesváriʹΑΓఏҊ͞ΕͨϞϯςΧϧϩ୳

Ͱ͋Δࡧ [6]ɽ͜ͷ୳ࡧख๏ϥϯμϜγϛϡϨʔγϣϯͷ݁ՌΛ༻͍ͯ୳ࡧΛ͏ߦಛ

͕͋ΓɼγϛϡϨʔγϣϯதͷঢ়ଶΛධՁ͢Δඞཁ͕ͳ͍ɽ͜ͷಛ్தͷہ໘Λධ

Ձ͢Δ͜ͱ͕ࠔͳғޟʹ͓͍ͯ༗ޮͰ͋Γɼہ໘ΛධՁ͢Δैདྷͷख๏ʹൺͯྑ͘ػ

͢Δ͜ͱ͔Βɼࠓ։ൃ͞Ε͍ͯΔғޟϓϩάϥϜͷଟ͘͜ͷ୳ࡧख๏Λ࠾༻͍ͯ͠

Δ [3, 5]ɽ

ғޟϓϩάϥϜΛΑΓ͘͢ڧΔͨΊͷڀݚ͞·͟·ߦΘΕ͍ͯΔɽͦͷͻͱͭʹ༧ଌ

ಡΈʹؔ͢Δ͛ڍ͕ڀݚΒΕΔɽ༧ଌಡΈͱɼ૬ख͕୳͍ͯ͠ࡧΔͱ͖ʹͪ͜Β୳ࡧ

Λ͍ߦɼͦͷ୳݁ࡧՌΛ࣍ͷࣗͷख൪ʹ࣌༻͢Δٕज़Ͱ͋ΔɽғޟϓϩάϥϜ Erica

૬खͷ࣌ߟࢥʹࣗ୳ࡧΛ͍ߦɼ૬ख͕બͨ͠ணखʹରԠ͢Δ෦Λ࠶ར༻͢Δ

͜ͱʹΑΓɼGNU Go [10]Λ૬खʹ 54.8%͔Β 67.4%ͱউ͕େ෯ʹ্ͨ͜͠ͱ͕ใ

Ε͍ͯΔ͞ࠂ [7]ɽ༧ଌಡΈྗعͷ্ʹେ͖͘͠ݙߩಘΔ͜ͱ͔ΒɼͲͷΑ͏ʹ༧ଌ

ಡΈ͕༗ޮ͔ΛௐΔڀݚॏཁͰ͋Δͱ͑ߟΒΕΔɽ

1.2 త

ຊڀݚͷతɼଜদࣨڀݚͰ։ൃ͞Ε͍ͯΔ stormʹ༧ଌಡΈΛ࣮͠ɼ༧ଌಡΈΛ

ͲͷΑ͏ʹ͜͏ߦͱ͕ޮՌతͰ͋Δ͔ௐࠪ͢Δ͜ͱͰ͋Δɽ

༧ଌಡΈͷใΛ࣍ͷख൪͔ͨ͢׆ʹ࣌Ίʹ࣮ࡍͷ૬खͷணखΛਂ͘୳͢ࡧΔ͜ͱ͕

Ұ൪ྑ͍ɽ͔͠͠ɼ͜Ε 2ͭͷ૬͢ΔཁૉΛͭ࣋ɽͭ·Γɼ૬खͷணखΛʮͯΔʯ

ͨΊʹ͘खΛಡ·ͶͳΒͳ͍ͷʹɼҰํͰਂ͘୳͍ྑ͕ํͨ͠ࡧɼͱ͍͏ 2ͭͷཁ

ૉͰ͋Δɽ͕ͨͬͯ͠ɼ༧ଌಡΈͰྑ͍ணखΛ୳͢ࡧΔ͜ͱΑΓɼ࣮ࡍͷ૬खͷணखΛ

ଟ͘୳͢ࡧΔ͜ͱ͕ཁ͞ٻΕΔɽͦ͜Ͱɼख൪࣌ͷ୳ࡧͱಉ͡୳ࡧͰͳ͘ɼଞͷ୳ࡧख

๏Λ͜͏ߦͱΛݕ౼͢Δ༨͕͋Δͱ͑ߟΒΕΔɽ

ຊڀݚͰ୳ࡧʹେ͖ؔ͘ΘΔ 2ͭͷύϥϝλΛม͢ߋΔ͜ͱʹΑΓɼख൪࣌ͷ୳ࡧͱ

ҟͳΔ୳ࡧΛ࣮͠ݱɼͦΕ͕ྗعʹͲͷΑ͏ʹؔ͢Δ͔ௐࠪͨ͠ɽมͨ͠ߋύϥϝλ

ͷ 1ͭ୳ࡧͷࢦඪͱͳΔ UCB1ͷظͱόΠΞεͷόϥϯεΛܾఆ͢Δύϥϝλ

1



Ͱ͋Δɽ͜ͷύϥϝλͷΛେ͖͘͢Δ͜ͱʹΑΓɼ୳ࡧճ͕গͳ͍ணखΛଟ͘ಡ·Ε

͘͢͢Δ͜ͱ͕Ͱ͖Δɽͭ·Γɼ୳ࡧΛ 1ͭͷखʹूதͤ͞ΔͷͰͳ͘ɼΑΓ͘ख

Λ୳͢ࡧΔ͜ͱʹͳΔɽ2ͭΊ୳ࡧͷީิखͷʹؔΘΔ Progressive Wideningͷύ

ϥϝλͰ͋Δɽ͜ͷύϥϝλͷΛେ͖͘͢Δ͜ͱʹΑΓɼ୳ࡧͷީิख͕গͳ͘ͳΓɼ

1ͭͷީิखʹର͢Δ୳ࡧճΛ૿Ճͤ͞Δ͜ͱ͕Ͱ͖ΔɽຊڀݚͰ stormʹ༧ଌಡΈ

ΞϧΰϦζϜΛ࣮͠ɼ2ͭͷύϥϝλͷΛม͑ͯରݧ࣮ہΛͨͬߦɽͦͯ͠ɼରہͰ

ͷ୳ࡧใΛੳͨ͠ɽͦͷ݁Ռ͔ΒɼύϥϝλͷΛม͑Δͱɼख൪࣌ͷ୳ࡧͱҟͳ

Δ୳ݱ࣮͕ࡧͰ͖ɼ͕ྗعେ͖͘มԽ͢Δ͜ͱ͕Θ͔ͬͨɽ·ͨɼ13࿏൫Ͱదͳύϥ

ϝλΛઃఆ͢Δ͜ͱͰɼख൪࣌ͱಉ͡୳ࡧΛ͏ߦඪ४తͳ༧ଌಡΈΛ͏ߦΑΓ͘ڧͳ

Δ͜ͱ͕֬ೝ͞Εͨɽ

1.3 ຊจͷߏ

ຊจͷߏ࣍ͷͱ͓ΓͰ͋Δɽ

ୈ 2ষɼຊจͰऔΓѻ͏ғޟͷϧʔϧΛ؆୯ʹड़Δɽୈ 3ষίϯϐϡʔλғޟ

ʹ͓͚Δؔ࿈ڀݚΛ͢هɽୈ 4ষͰɼ༧ଌಡΈΛ stormʹ࣮͢Δ͜ͱʹΑΔྗعͷ

มԽΛ݁ݧ࣮ͨ͠ূݕՌΛ͢هɽୈ 5ষͰɼύϥϝλͷมํߋ๏ͱɼม͢ߋΔ͜ͱʹΑ

Γੜ͞ΕΔ୳ࡧ͕ͲͷΑ͏ʹมԽ͢Δ͔͢هɽͦͯ͠ɼ༧ଌಡΈ࣌ʹύϥϝλΛมߋ

͢Δ͜ͱʹΑΔྗعͷมԽΛௐ࣮ࠪͨ݁͠ݧՌΛ͠هɼ·ͨߟΛड़Δɽޙ࠷ʹୈ 6

ষͰɼຊจͷ·ͱΊͱޙࠓͷ՝Λड़Δɽ
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ୈ 2ষ ғޟ
ຊষͰғޟͷήʔϜਐߦखॱͱணखʹؔ͢Δϧʔϧɼউഊͷܾఆํ๏ʹ͍ͭͯઆ໌

͢Δɽ

2.1 ήʔϜͷਐߦखॱ

ғޟޟ൫ͷ্ʹࠇੴͱനੴΛަޓʹஔ͍ͯ͘͜ߦͱʹΑΓɼήʔϜ͕ਐ͢ߦΔɽήʔ

Ϝ։࣌࢝ͷޟ൫ͷঢ়ଶΛਤ 1ʹࣔ͢ɽҰൠతʹΘΕΔޟ൫ɼ19࿏൫ͱݺΕΔͷ

Ͱɼॎʹ 19 ຊɼԣʹ 19 ຊͷઢ͕Ҿ͔Ε͓ͯΓɼ361 ࠇ͞Ε͍ͯΔɽߏͷަ͔Βݸ

ੴͱനੴަ্ʹஔ͔ΕΔɽ·ͨɼೖऀ༻ʹॎԣͷઢΛগͳͨ͘͠ 13࿏൫ 9࿏൫

Ҋ͞Ε͍ͯΔɽ13࿏൫ॎԣͷઢΛߟ͕ 13ຊɼ9࿏൫ॎԣͷઢΛ 9ຊʹͨ͠ͷͰ͋

Δɽੴ͕ஔ͚ΔॴΛগͳ͘͢Δ͜ͱʹΑΓɼήʔϜʹཁ͢Δؒ࣌ͷॖͳͲͷޮՌ͕͋

ΔɽຊߘͰɼ9࿏൫༻͍ͯϧʔϧΛઆ໌͢ΔɽήʔϜͷ۩ମతͳਐߦਤ 2ʹࣔ͢ͱ

͓ΓͰ͋Δɽ·ͨɼғޟͷ༻ޠͷઆ໌ Aʹ·ͱΊ͍ͯͯ͠هΔͨΊɼదٓࢀর͍ئ

͍ͨɽ

ਤ 1 ήʔϜ։࣌࢝ͷ൫໘
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✓ ✏
Step 1. ख൪ܾఆ ઌख൪ͱޙख൪Λܾఆ͢Δɽઌख൪ʹͳͬͨϓϨΠϠࠇੴΛ࣋

ͪɼޙख൪ʹͳͬͨϓϨΠϠനੴΛͭ࣋ɽຊߘͰઌख൪ࠇ

൪ɼޙख൪ന൪ͱද͢هΔɽ

Step 2. ணख ઌख൪͔ΒަޓʹੴΛަͷ্ʹஔ͍͍ͯ͘ɽ྆ऀ͕࿈ଓͯ͠ύε͠

ͨ߹ 3ਐΉɽ

Step 3. উഊͷܾఆ ✒໘͔ΒউഊΛܾఆ͢Δɽہ ✑
ਤ 2 ғޟʹ͓͚ΔήʔϜͷਐߦ

2.2 ணखʹؔ͢Δϧʔϧ

2.2.1 ੴͷଧ্ͪ͛

૬खͷੴʹྡͨ͠ަʹணखͨ͠ͱ͖ʹɼ૬खͷੴΛғͬͨ߹ɼͦͷੴ൫্͔Β

ଧ্ͪ͛ΒΕΔɽਤ 3ʹ͓͍ͯɼࠇੴΛஔ͘ͱനੴ͕ଧ্ͪ͛ΒΕΔަʹ Xҹ͕ه

͞Ε͍ͯΔɽྫ͑ࠇੴΛ۱্ࠨʹஔ͍ͨ߹ɼ͞ه͕ܗ࢛֯Ε͍ͯΔྡ͢Δ 2ͭͷന

ੴΛ൫্͔Βଧ্ͪ͛ΔɽҰํͰ Yҹ͕͞هΕͨަʹࠇੴΛஔ͍ͯࠇੴ͕ Zҹ͕ه

͞Εͨަʹஔ͔Εͯͳ͘ғ͍ͬͯͳ͍ͨΊɼྡ͢Δനੴଧ্ͪ͛ΒΕͳ͍ɽ

ਤ 3 നੴΛଧ্ͪ͛ΒΕΔަ Xͱଧ্ͪ͛ΒΕͳ͍ަ Yͷྫ

2.2.2 ಉܕ෮ͱͳΔணखΛࢭې

ਤ 4ʹ͓͍ͯ Xҹ͕͞هΕͨަʹࠇੴΛஔ͍ͨ߹ɼਤ 5ͷہ໘ʹͳΔɽ࣍ʹਤ 5

ʹ͓͍ͯ Yҹ͕͞هΕ͍ͯΔަʹനੴΛஔ͘ͱਤ 4ͷہ໘ʹͬͯ͠·͏ɽ͜ͷணख

Λ͢ڐͱήʔϜ͕ऴΘΒͳ͍߹͕͑ߟΒΕΔͨΊɼ͜ͷྫͷ߹ʹ͙͢ʹനੴΛ Y
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ҹ͕͞هΕͨަʹஔ͘͜ͱ͕͞ࢭېΕ͍ͯΔɽ·ͨɼ࣍ͷணख࣌ʹനੴΛ Yҹ͕ه

͞Εͨަʹஔ͘͜ͱ͕͞ڐΕ͍ͯΔɽ

ਤ 4 ί͕ൃੜ͢Δલͷہ໘ ਤ 5 ί͕ൃੜͨ͠ہ໘

2.2.3 ࢭېखͱͳΔணखͷࡴࣗ

ಉܕ෮ͱͳΔணखͱͳΔணखͷଞʹɼࣗࡴखͱͳΔணख͞ࢭېΕ͍ͯΔɽ͜͜Ͱࣗ

ଧ্ͪ͛Εͯ͠·͏Α͏ͳணखͷ͜ͱͰ͋ΔɽྫΛਤʹޙखͱணखͨ͠ࡴ 6ʹࣔ͢ɽ

ਤʹ͓͍ͯ Xҹ͕͞هΕ͍ͯΔަʹനੴΛஔ͘͜ͱࣗࡴखͱͳΔͨΊ͞ࢭېΕ͍ͯ

ΔɽҰํͰɼYҹ͕͞هΕ͍ͯΔަʹྡ͢Δ͍ͯ͞ه͕ܗ࢛֯ΔࠇੴΛଧ্ͪ͛Β

ΕΔ͜ͱ͔ΒࣗࡴखͱͳΒͳ͍ͨΊɼനੴΛஔ͘͜ͱ͕͞ڐΕ͍ͯΔɽ

ਤ 6 ന൪ʹͱͬͯࣗࡴखͱͳΔަ XͱࣗࡴखͱͳΒͳ͍ަ Yͷྫ

2.3 উഊͷܾఆํ๏

উഊͷܾఆํ๏େผͯ͠ຊϧʔϧʹΑΔͷͱதࠃϧʔϧʹΑΔͷ͕ΒΕͯ

͍ΔɽຊߘͰதࠃϧʔϧΛѻ͍ͬͯΔͨΊɼதࠃϧʔϧʹΑΔউഊͷܾఆํ๏Λઆ໌

͢Δɽ

தࠃϧʔϧࠇ൪ͷ͖׆ੴͷͱͷͷ߹ܭͱന൪ͷ͖׆ੴͷͱͷɼίϛͷ

ख൪Ͱ͋ΔͨΊෆརͰ͋Δޙͷେ͖͞Λൺֱͯ͠উഊΛܾఆ͢Δɽ͜͜Ͱɼന൪ܭ߹

͜ͱ͔ΒɼίϛͱݺΕΔ͕͞Ε͍ͯΔɽ
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ྫͱͯ͠ਤ 7 ͷہ໘Λ༻͍͖ͯ׆ੴͱΛઆ໌͢Δɽݪଇͱͯ͠ɼதࠃϧʔϧͰήʔ

Ϝ͕ऴྃ͢Δલʹɼଧ্ͪ͛ΒΕΔੴଧ্ͪ͛Δɽਤͷہ໘ʹ͓͍ͯɼ͖׆ੴͱήʔ

Ϝ͕ऴྃͨ͠ͱ͖ʹ൫໘ʹ͍ͯͬΔੴͷ͜ͱͰ͋ΔɽྫͰࠇੴͷ͖׆ੴͷ 22ɼ

നੴͷ͖׆ੴͷ 22Ͱ͋Δɽ·ͨɼͱҰํͷੴͰғ·Εͨੴ͕ஔ͔Ε͍ͯͳ͍ަ

ͷ͜ͱͰ͋ΔɽਤͰࠇ൪ͷΛ Bɼന൪ͷΛWͰ͞هΕ͍ͯΔɽྫͰࠇ൪ͷ

ͷ 20ɼന൪ͷͷ 17Ͱ͋Δɽ͕ͨͬͯ͠ɼࠇ൪ͷ͖׆ੴͷͱͷͷ߹ܭ

22+20=42ɼന൪ͷ͖׆ੴͷͱͷͷ߹ܭ 22+17=39Ͱ͋Δɽ·ͨɼίϛΛ 7.5ͱ

͢Εɼന൪ͷ߹ܭ 39+7.5=46.5ʹͳΔɽΑͬͯࠇ൪ͷ߹ܭ 42Ͱ͋Γɼന൪ͷ

ܭ߹ 46.5Ͱ͋ΔɽΑͬͯന൪ͷͷํ͕ଟ͍͜ͱ͔Βɼ͜ͷήʔϜന൪ͷউͪͱ

ܾఆ͞ΕΔɽ

ਤ 7 ऴ࣌ہͷ൫໘
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ୈ 3ষ ڀݚࣝͱؔ࿈ૅج

3.1 ήʔϜ

ғޟͷήʔϜͷਐߦήʔϜͱݺΕΔߏͰද͢͜ͱ͕Ͱ͖Δɽਤ 8 ʹήʔϜ

ͷྫΛࣔ͢ɽਤʹ͓͍ͯɼࠜࡏݱͷہ໘Λද͍ͯ͠Δɽ·ͨɼࠜઅҎ֎ͷઅ

અ͔ΒભҠՄͳہ࣍໘ͷͻͱͭΛද͍ͯ͠Δɽ͜͜ͰΞϧϑΝϕοτʹΑͬͯҹ͚

ΒΕ͍ͯΔઅઅ͕ͭ൫໘͔Βͦͷަʹணखͨ͠ঢ়ଶΛද͍ͯ͠Δͷͱ͠ɼ

ന৭ͷઅന൪Λࠇ৭ͷઅࠇ൪Λද͍ͯ͠Δͱ͢ΔɽҎ্ͷΑ͏ʹઅʹใΛ࣋

ͨͤΕɼྫ͑ࡏݱͷہ໘͔Βࠇ൪͕ަ Aʹணख͠ɼ࣍ʹന൪͕ަ Dʹணखͨ͠

ήʔϜͷਐߦࠜઅ͔Βઅ Aɼઅ Dͱ߱Γ͍ͯ͘͜ͱͰද͢ݱΔ͜ͱ͕Ͱ͖Δɽ

Λߦ໘Λͯ͢ॻ͖Լͨ͠ήʔϜΑΓήʔϜͷͯ͢ͷਐہ໘͔Βੜ͡ಘΔہͷࡏݱ

ѲͰ͖Δ͜ͱ͔ΒɼͦͷήʔϜΛ୳͢ࡧΔ͜ͱͰ࠷ળͷணखΛܾఆ͢Δ͜ͱ͕Ͱ͖

Δɽ͔͠͠ɼঢ়ଶʹ૬͢ΔͦͷήʔϜͷઅͷݸғޟͷ߹ʹ 10360 [11]ͱ

͑ߟΒΕ͓ͯΓɼ࣮ؒ࣌Ͱ୳͠ࡧऴ͑Δ͜ͱࠔͰ͋Δɽ͜ͷ͜ͱ͔Βɼ୳ࡧͰ͖Δ

ൣғ͔ΒΑΓྑ͍ணखΛબ͢Δํ๏͕͞ڀݚΕ͖ͯͨɽ

A

A

D E

B

F G

C

H I

ਤ 8 ήʔϜͷྫ

3.2 ޟϞϯςΧϧϩғ࢝ݪ

ཚΛ༻͍ͯணखબΛ͏ߦғޟϓϩάϥϜͷڀݚ 1993 ͷ Brügmann ͔Β࢝Ί

ΒΕ͍ͯͨ [2]ɽ͜ͷڀݚͰ։ൃ͞ΕͨϓϩάϥϜɼࡏݱͷہ໘͔ΒཚΛ༻͍ͯήʔ

Ϝऴྃ·ͰଧͪΓɼͦͷ݁ՌʹΑΓہ໘ΛධՁ͠ɼҰ൪ྑ͔ͬͨͷΛ࣍ͷணखͱͯ͠
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બͨ͠ͷͰ͋ͬͨɽ͜ͷϓϩάϥϜ͕࡞ΔήʔϜਤ 9 Ͱද͞ΕΔɽਤ 9 ʹ͓͍

ͯɼઢγϛϡϨʔγϣϯΛද͍ͯ͠Δɽਤ͔ΒΘ͔ΔΑ͏ʹ 1ख͔͠ઌΛಡ·ͳ͍ͨ

ΊɼΑΓઌΛಡΉඞཁ͕͋Δͱ͖ʹ୳ࡧΛͯͬߦ࠷దੑ͕อূ͞Εͳ͍͕͋Δɽͦ

ͷͨΊɼ͜ͷϓϩάϥϜͷྗع͋·Γ͘ڧͳ͘ɼࡏݱͷϞϯςΧϧϩғޟͱ۠ผ͢Δͨ

Ίʹɼ࢝ݪϞϯςΧϧϩғޟͱݺΕ͍ͯΔɽ

ɹ ɹ

˔ ໘ہ൪ͷࠇ

˓ ന൪ͷہ໘

˙ ໘ہہ൪͕উͬͨऴࠇ

˘ ന൪͕উͬͨऴہہ໘

ɹ ɹ

ਤ 9 ΔήʔϜ͢ࡧ୳͕ޟϞϯςΧϧϩғ࢝ݪ

3.3 Multi-Armed Bandit

Multi-Armed BanditػցֶशͰऔΓѻΘΕ͖ͯͨͷͻͱͭͰ͋ΔɽͦΕͧ

ΕҟͳΔใुͷ֬Λͭ࣋εϩοτϚγϯ͕ෳଘ͠ࡏɼͦΕͧΕͷ͕֬ະ

Ͱ͋Δͱ͖ɼಘΒΕΔใुΛ࠷େͱ͢ΔखॱΛٻΊΔ͜ͱ͕తͰ͋Δɽ

Ұఆճ֤ͣͭεϩοτϚγϯʹίΠϯΛೖ͠ɼͦͷ݁Ռ͔ΒҰ൪ྑ͔ͬͨͷʹ

ΓͷίΠϯΛશͯೖ͢Δઓུ͕͑ߟΒΕΔ͕ɼ͡ΊͷҰఆճ͕গͳ͍ͱҰ൪ྑ͍ε

ϩοτϚγϯΛؒҧ͏Մੑ͕େ͖͘ͳΓɼҰํͰଟͨ͘͠߹ʹͯ͢ͷεϩοτϚ

γϯʹͦΕͧΕίΠϯΛେྔʹೖ͢ΔͨΊɼແବ͕ੜͯ͡͠·͏ɽ͜ͷΑ͏ʹɼࡏݱ·

Ͱʹ୳ͯ͠ࡧಘͨใΛར༻͠རӹΛ࠷େԽ͢Δ͜ͱʹ͢Δ͔ɼ·ͨଞʹ୳ࡧΛͯ͠

ΑΓใΛಘΔ͔ͷδϨϯϚ͕ੜ͡ΔදతͳͰ͋Δɽғޟʹ͓͍ͯɼணखͷ݁Ռͷ

൫໘͕͋Δ֬Ͱউͪͱ͍͏ใुΛ༩͑ΔͷͱΈͳͤɼͲͷεϩοτϚγϯΛબ͢

Δ͔ͱ͍͏Λғޟͷணखબͷʹஔ͖͑Δ͜ͱ͕Ͱ͖Δɽ

3.4 UCB1ઓུ

Multi-Armed Banditʹରͯ͠ɼ࣮ݱతͳྔࢉܭͱফඅϝϞϦͰಈ͢࡞ΔΞϧΰϦ

ζϜͱͯ͠ɼAuerΒ [1]ʹΑΓఏҊ͞Εͨ UCB1ઓུ͕͋Δɽ͜ͷઓུɼࣜ࣍ʹΑΓ
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ΕΔ͞ࢉܭ UCB1ͱݺΕΔ͕࠷େͰ͋ΔεϩοτϚγϯΛબ͢ΔͷͰ͋Δɽ

UCB(n) :=
W (n)

N(n)
+ C

√
2 loge N

N(n)
ɼɹɹ (N(n) > 0)ɽ (1)

͜͜ͰɼW (n)ͦͷεϩοτϚγϯ nΛબͯ͠ಘͨใुͰ͋ΓɼN(n)ͦͷεϩο

τϚγϯΛબͨ͠ճͰ͋Δɽ·ͨɼC ఆͰ͋ΔɽN ͜Ε·ͰʹεϩοτϚγ

ϯΛબͨ͠૯ճͰ͋Δɽ·ͨɼҰεϩοτ͕બ͞Ε͍ͯͳ͍߹ɼUCB1

ແݶେͱఆٛ͞Ε͍ͯΔɽ

͜ͷࣜͷӈล [ظ] ʴ [όΠΞε] ͷΑ͏ʹ͍͑ݴΔ͜ͱ͕Ͱ͖Δɽ[ظ] ʹ

૬͢Δ෦ೖͨ͠ίΠϯʹରͯ͠རӹ͕େ͖͚Ε͕େ͖͘ͳΓɼ[όΠΞε]ʹ

૬͢Δ෦શମʹରͯ͠ೖͨ͠ίΠϯ͕গͳ͍ͱ͕େ͖͘ͳΔɽ͕ͨͬͯ͠ɼ͜

ͷʹैͬͯίΠϯΛೖ͢ΔεϩοτϚγϯΛܾఆ͢Δͱɼࡏݱ·Ͱͷ୳ࡧʹΑΓྑ

͔ͬͨεϩοτϚγϯΛબͭͭ͠ɼ͋·Γબ͍ͯ͠ͳ͍εϩοτϚγϯΛબ͢ΔΑ

͏ͳಈظ͕࡞Ͱ͖Δɽ·ͨɼC  [όΠΞε] ͷॏΈ͚Λ͢ΔఆͱΈΔ͜ͱ͕Ͱ͖

Δɽ͜Ε͔ΒɼMulti-Armed Banditʹ͓͍ͯੜ͡ΔδϨϯϚʹ্ख͘ରԠͰ͖Δͱ

ΒΕΔɽ·ͨɼબճ͕େ͖͘ͳΕɼ(log͑ߟ n)/n → 0 (n → ∞)ͱͳΔ͜ͱ͔Βɼ

ળͰͳ͍εϩοτʹೖ͞ΕΔίΠϯͷׂ߹࠷ 0ʹऩଋ͢Δ͜ͱ͕ূ໌͞Ε͍ͯΔ [6]ɽ

બճΛेʹଟ͘͢Εɼ΄ͱΜͲͷίΠϯ͕࠷ળͷεϩοτϚγϯʹೖ͞ΕΔ͜

ͱʹͳΔɽ

3.5 UCT

ήʔϜ͕ऴྃ͢Δ·Ͱͷख͕ޟϞϯςΧϧϩғ࢝ݪ 1ΑΓେ͖͍ͱ࠷ળखΛฦ͢อ

ূ͕ͳ͔ͬͨɽKocsisͱ SzepesváriʹΑΓఏҊ͞Εͨ UCT (Upper Confidence bound

applied for Tree) UCB1ઓུΛ༻͍ͯޮతʹ͜ͷΛղܾ͢Δ୳ࡧΞϧΰϦζ

ϜͰ͋ΓɼϞϯςΧϧϩ୳ࡧͷදతͳͷͰ͋ΔɽҎԼʹίϯϐϡʔλғޟʹ͓͚Δ

UCTͷಈ࡞Λઆ໌͢Δɽ

UCTखͷબɼ୳ࡧͷ֦ுɼγϛϡϨʔγϣϯɼ୳ࡧͷߋ৽ͷ 4ͭͷஈ֊Λ܁

Γฦ͠͏ߦɽ֤ஈ֊ͰߦΘΕΔॲཧਤ 10 ʹࣔ͢ͱ͓ΓͰ͋Δ. ਤ 10 ͷ Step 1 ͔Β

Step 4ͷஈ֊Λ 1ճ͜͏ߦͱΛ 1ϓϨΠΞτͱݺͼɼϓϨΠΞτΛҰఆճ͍ߦɼ࠷

ͷҰखͱͯ͠ग़࣍અͷதͰҰ൪ଟ͘બ͞ΕͨখઅʹରԠ͢ΔணखΛࢠઅͷࠜʹޙ

ྗ͢Δɽ

UCTϓϨΠΞτΛଟ͘͢Ε͢Δ΄Ͳɼ୳ࡧ͕େ͖͘ͳΓɼϓϨΠΞτΛे
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✓ ✏
Step 1. खͷબ ՄͳணखΛ୳ࡧͷࠜઅ͔Β UCB1 ʹैͬͯબ͠ɼ

Λ߱Γ͍ͯ͘ɽ

Step 2. ୳ࡧͷ֦ு ༿અ͔Β৽ͨʹࢠઅΛ࡞͢Δɽ

Step 3. γϛϡϨʔγϣϯ ऴہ·ͰཚΛ༻͍ͯγϛϡϨʔγϣϯΛ͏ߦɽ

Step 4. ୳ࡧͷߋ৽ ऴͨ͠ہ൫໘͔Β݁ՌΛऔಘ͠ɼ߱Γ͖ͯͨઅͷใΛߋ

৽͢Δɽ✒ ✑
ਤ 10 UCTͷ 1ϓϨΠΞτͰߦΘΕΔॲཧ

ଟ͘͢Εɼͯ͢ͷঢ়ଶΛอ༗͢ΔήʔϜΛ࡞͢Δ͜ͱ͕Ͱ͖Δɽ͜ͷ͜ͱ͔

Βɼ࢝ݪϞϯςΧϧϩғޟͷΞϧΰϦζϜʹͳ͔ͬͨ࠷దੑΛ UCTͭ࣋͜ͱ͕Β

Ε͍ͯΔ [6]ɽ·ͨɼखͷબͷஈ֊Ͱ UCB1ઓུΛ͜͏ߦͱ͔ΒɼແବͳखͷબΛ͋

·ΓߦΘͣ୳͢ࡧΔ͜ͱ͕Ͱ͖ɼ࣮ؒ࣌Ͱेྑ͍બΛ͜͏ߦͱ͕Ͱ͖ΔΑ͏ʹઃܭ

͞Ε͍ͯΔɽ

3.6 RAVE

UCTͰ୳ࡧͷߋ৽Λ͢Δࡍʹ߱Γ͖ͯͨઅʹରͯ͠ใͷߋ৽Λ͏ߦɽਤ 10͔

ΒΘ͔ΔΑ͏ʹɼғޟͷΑ͏ʹڊେͳήʔϜʹରԠ͢Δ߹ʹϓϨΠΞτΛେྔʹ

Ҋ͞Εͨͷ͕ߟඞཁ͕͋Δɽ͜ͷΛղܾ͢Δख๏ͱͯ͠͏ߦ RAVE (Rapid Action

Value Estimation) Ͱ͋Δ [4]ɽ͜ͷख๏ɼғޟʹ͓͍ͯɼखॱͰͳ͋͘ΔަΛ

༗͢Δ͜ͱ͕ॏཁͱͳΔ߹͕ଟ͍͜ͱΛར༻ͨ͠ͷͰ͋ΔɽͦͷΑ͏ͳہ໘ͷྫΛ

ਤ 11 ʹࣔ͢ɽ͜ͷہ໘ʹ͓͍ͯ࣍ͷख൪͕ന൪Ͱ͋Δͱ͖ʹɼަ X ʹணख͢Ε༗

རʹήʔϜΛਐΊΔ͜ͱ͕Ͱ͖ΔɽҰํͰࠇ൪ʹணख͞ΕΔͱෆརʹͳΔͱ͑ߟΒΕΔɽ

UCT ʹΑΓ୳ࡧΛͨͬߦ߹ʹɼखͷબͷஈ֊ʹ͓͍ͯ͡Ίʹަ X ʹணख͠ͳ

͔ͬͨ߹Ͱɼ࣍Ҏ߱ͷख൪࣌Ͱબ͍ͯ͠ΕɼγϛϡϨʔγϣϯʹΑΓಘΔ݁Ռ

উ͍ͬͯΔ߹͕ଟ͍ͱ͑ߟΒΕΔɽͦ͜ͰɼRAVE Ͱखͷબͷஈ֊͔Βγϛϡ

Ϩʔγϣϯͷஈ֊·ͰͲ͜ʹணख͔ͨ͠ه͓͖ͯ͠ɼ୳ࡧͷߋ৽ͷࡍʹ్தͰଧͨΕ

ͨணखͰ͡Ίʹணखͨ͠ͱͯ͠અͷใΛߋ৽͢Δɽ͜ͷॲཧʹΑΓਤ 11ʹ͓͚

Δަ Xͷணख͕ྑ͍͜ͱ͕௨ৗΑΓૣ͘ಛఆͰ͖ɼަ Xͷணख͔Β͡·Δ

ϓϨΠΞτ͕ߦΘΕ͘͢ͳΔɽ͜ΕΑΓɼ࠷ऴతʹબ͞ΕΔணख X͕બΕ

͘͢ͳΔɽ

10



ʹࡍ࣮ RAVEͱݺΕΔΛಋೖͯ͠ɼઆ໌ͨ͠ॲཧΛ࣮͍ͯ͠ݱΔɽணख nͷ

RAVE࣍ͷΑ͏ʹఆٛ͞ΕΔͰ͋Δɽ

RAVE(n) :=
WRAV E

nRAV E
+ CRAV E

√
logNRAV E

nRAV E
ɽ (2)

͜͜ͰɼWRAV E ͜ͷઅʹରԠ͢ΔணखͰউͬͨ RAVEճɼnRAV E ͜ͷઅʹ

ରԠ͢ΔணखΛબͨ͠ RAVEճɼCRAV E ׂ߹ΛܾΊΔఆɼNRAV E ہࢠ໘ͷ

RAVEͷճͷ૯Ͱ͋Δɽ͜ͷ RAVEΛ UCB1ʹಋೖ͠ɼUCB1ʹΘΔࢦ

ඪͱͯ͠ணख nͷ UCB-RAVEΛҎԼͷΑ͏ʹఆٛ͠ɼ͜ΕΛ༻͍ͯணखબΛ͏ߦɽ

β(n) :=

√
k

3N(n) + k
ɼ (3)

UCB-RAVE(n) := β(n)RAVE(n) + (1− β(n))UCB(n)ɽ (4)

͜͜Ͱɼk  UCB1ͱ RAVEΛ N(n)ʹରͯ͠ͲͷఔॏΈΛஔ͔͘Λઃఆ͢Δఆ

Ͱ͋ΔɽN(n)ͱ k ͕͍͠ͱ͖ʹ β(n) 0.5ΛऔΔΑ͏ʹͳΔɽ͜ͷࢦඪΛ͜͏

ͱͰɼॳΊ β(n)͕େ͖͍͜ͱ͔ΒɼRAVEʹॏ͖Λஔ͍ͨ୳ࡧΛ͍ߦɼN(n)͕ k

ΑΓଟ͘ͳͬͨͱ͖ʹ UCB1ʹॏ͖Λஔ͍ͨ୳ࡧΛ͜͏ߦͱ͕ظ͞ΕΔɽ͜Εʹ

ΑΓɼ͡Ίʹઆ໌ͨ͠ಈ࡞Λ࣮͢ݱΔ͜ͱ͕Ͱ͖Δɽ

ਤ 11 ަ Xͷணख͕ॏཁͰ͋Δہ໘

3.7 γϛϡϨʔγϣϯͷվྑ

γϛϡϨʔγϣϯͷ࣭Λ্ͤ͞Δ͜ͱͰɼྗعͷ্ΛࢼΈΔڀݚߦΘΕ͍ͯΔɽ

͜͜Ͱ࣭͏ݴΛ্ͤ͞Δͱɼ͍ڧ͕ྗعਓ͕ணखͨ͠Α͏ʹγϛϡϨʔγϣϯΛ࣮ݱ

ͤ͞Δ͜ͱΛ͢ࢦɽϓϩ࢜عʹ͍ۙϨϕϧ·Ͱ্Ͱ͖ͨ߹ʹɼ֤ީิखʹରͯ͠

ճͷϓϨΠΞτΛ͚ͩ͏ߦͰ࠷ળखʹ͍ۙணखΛબ͠ಘΔ͜ͱ͔ΒɼॏཁͳڀݚͰ͋
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Δͱ͑ߟΒΕΔɽ͜Εʹؔ͢ΔڀݚͰҰ൪ྑ͘ΒΕ͍ͯΔͷ͕ Bradley-Terry Ϟσϧ

Λ༻͍ͨͷͰ͋Δ [8]ɽ͜͜ͰͦΕʹؔͯ͠؆୯ʹઆ໌͢Δɽ

3.7.1 Bradley-TerryϞσϧ

Bradley-TerryϞσϧ 1ਓ·ͨෳਓ͔ΒͳΔνʔϜͷ͞ڧΛਪఆ͢Δ͜ͱ͕Ͱ͖

ΔϞσϧͰ͋ΔɽཧϞσϧʹ͍ͯجɼ࣮ࡍʹରઓ͕ͳ͍νʔϜಉ࢜ͰউΛ༧ଌ͢

Δ͜ͱ͕Ͱ͖ΔɽϓϨΠϠ iͷ͞ڧΛ γi ͱ͠ɼϓϨΠϠ j ͷ͞ڧΛ γj ͱͨ͠ͱ͖ʹɼ͜

ͷϞσϧʹ͓͍ͯϓϨΠϠ i͕ϓϨΠϠ j ͱରઓͯ͠উͭ֬ࣜ࣍Ͱ༩͑ΒΕΔɿ

[i͕ j ͱରઓͯ͠উͭ֬] =
γi

γi + γj
ɽ (5)

·ͨɼiʹରͯ͠ j ͷଞʹ͕͞ڧ γk ͷϓϨΠϠ k ͕ରઓʹՃΘͬͨ߹ʹɼ࣍ͷΑ͏

ʹউΛද͢ɿ

[i͕ j ͱ k ʹରઓͯ͠উͭ֬] =
γi

γi + γj + γk
ɽ (6)

4ਓҎ্͔ΒͳΔରઓಉ༷ʹද͢͜ͱ͕Ͱ͖Δɽ·ͨɼ͜ͷϞσϧͰରઓऀ͕ෳਓ

͔ΒͳΔνʔϜͰ͋ͬͯద༻͢Δ͜ͱ͕Ͱ͖Δɽྫ͑ iͱ j ͔ΒͳΔνʔϜ͕ j ͱ k

͔ΒͳΔνʔϜͱ iͱ k ͔ΒͳΔνʔϜͱରઓͨ͠ͱ͖ʹউͭ֬࣍ͷΑ͏ʹද͢ɿ

[iͱ j ͔ΒͳΔνʔϜ͕উͭ֬] =
γiγj

γiγj + γjγk + γiγk
ɽ (7)

͔ࣜΒΘ͔ΔΑ͏ʹɼνʔϜͷ͞ڧνʔϜΛߏ͢ΔϓϨΠϠͷ͞ڧͷੵʹΑΓද͞

ΕΔɽ

ίϯϐϡʔλғޟͰ͜ͷϞσϧΛѻ͏߹ɼϓϨΠϠΛʮணखΛಛ͚Δཁૉʯʹஔ

ڑΔɽ۩ମతʹɼணखͨ͠ަͷपลͷੴͷஔલʹଧͨΕͨணख͔Βͷ͖͑

૬खͷੴΛଧ্ͪ͛ΒΕΔ͔ͳͲ͕ಛ͚Δཁૉͱͯ͠༻͞Ε͍ͯΔɽ͜ͷΑ͏ʹ

͢Δͱɼͦͷணखͷ͞ڧͦͷணखʹ͋Δ֤ಛͷ͞ڧͷੵʹΑΓද͢͜ͱ͕Ͱ͖ɼީิ

खʹ͓͍ͯউͭ֬Λ͢ࢉܭΔ͜ͱ͕Ͱ͖ΔɽຊߘͰɼ͋Δணखʹରͯͦ͠ͷணखΛಛ

͚Δཁૉ͔ΒͳΔνʔϜͷউͭ֬ΛϨʔτͱ͠هɼϨʔτΛ͢ࢉܭΔ͜ͱΛ

ϨʔςΟϯάͱ͢هɽ

3.7.2 Minorization-Maximization๏ʹΑΔ γ ͷࢉग़

Bradley-Terry Ϟσϧʹ͓͚ΔϓϨΠϠͷ͞ڧ γ ରઓه͕͋ΕɼMinorization-

Maximization๏ʹΑΓٻΊΔ͜ͱ͕Ͱ͖Δɽ۩ମతͳखॱΛҎԼͰઆ໌͢Δɽ
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͜͜Ͱɼnճͷରઓ R1, R2, . . . , Rn ͕͋ͬͨͱ͢Δɽ͜ͷͱ͖ɼ͋ΔνʔϜ͕ରઓ Rj

Ͱউͭ֬࣍ͷΑ͏ʹཁૉʹղͯ͠ද͢ݱΔ͜ͱ͕Ͱ͖Δɿ

[͋ΔνʔϜ͕উͭ֬] =
Aijγi +Bij

Cijγi +Dij
ɽ (8)

͜͜ͰɼAij BijɼCijɼDij  γi Λؚ·ͳ͍ཁૉͰ͋Δɽྫ͑ɼγjγk  γi Εͯݱ͕

ͳ͍ͷͰɼγi Λؚ·ͳ͍ཁૉͱ͍͑Δɽ۩ମతͳྫΛͯΊΔͱ࣍ͷΑ͏ʹͳΔɽiͱ

j, k ͔ΒͳΔνʔϜ͕ mͱ n͔ΒͳΔνʔϜͱ iͱ n͔ΒͳΔνʔϜͱରઓͯ͠উͭ֬

࣍ͷΑ͏ʹදͤΔɿ

[iͱ j, k ͔ΒͳΔνʔϜ͕উͭ֬] =
γjγkγi + 0

(γjγk + γn)γi + γmγn
ɽ (9)

͜ͷ͔ࣜΒɼAij = γjγkɼBij = 0ɼCij = γjγk + γnɼDij = γmγn ͱରԠ͍ͯ͠Δ͜ͱ

͕Θ͔Δɽ͜͜Ͱ Ej = Cijγi +Dij ͱஔ͖ɼγi ͕ରઓͰউͬͨճΛWi ͱͨ͠ͱ͖ɼ

Minorization-Maximization๏ʹΑΓ γi ͷߋ৽ࣜ࣍ʹΑΓ༩͑ΒΕΔɿ

γi =
Wi∑n

j=1
Cij

Ej

ɽ (10)

͜ͷࣜΛ༻͍ͯ܁Γฦ͠ߋ৽͢Δ͜ͱͰ֤ϓϨΠϠͷ͞ڧΛٻΊΔ͜ͱ͕Ͱ͖Δɽ·ͨɼ

֤ϓϨΠϠͷ͞ڧͷॳظͱͯ͠ී௨ 1͕༻͍ΒΕΔɽ

3.8 Progressive Widening

ғޟ߹๏ख͕ଟ͘ɼͯ͢ͷணखʹରͯ͠୳ࡧΛ͍ͯͬߦΔͱॏཁͰͳ͍ணखʹ

ରͯ͠ҰఆͷݯࢿࢉܭΛׂΓͯΔ͜ͱʹͳΓඇޮͰ͋Δɽͦ͜ͰɼॏཁͰ͋Δͱ

Ҋ͞Εͨͷ͕ߟΈͷͻͱͭͱͯ͠ΔΑ͏ʹ͢Δ͢ࡧΒΕΔͷ͔Βॱ൪ʹ୳͑ߟ

Progressive Widening [8]Ͱ͋Δɽ

·ͣɼީิखʹରͯ͠ϨʔςΟϯάΛ͍ߦɼ1൪ʹϨʔτ͕࠷େͷணख͕དྷΔΑ͏

ʹ߱ॱʹฒͼସ͑Λ͏ߦɽͦͯ͠ɼ͡ΊϨʔτ͕࠷େͷணखͷΈΛީิखͱͯ͠୳

ɼબճ͕ද͠ࡧ 1ʹද͞ΕΔʹͳͬͨ߹ʹɼରԠ͢ΔϨʔτॱҐͰ͋ͬͨணख

ΛީิखʹऔΓೖΕΔɽྫ͑ɼϨʔτॱҐ͕ 2൪ͷணखબճ͕ 41ճ͔Βީ

ิखʹऔΓೖΕΒΕΔɽ͜ͷᮢͷ͔ࣜ࣍Βಋ͔ΕΔͰɼຊڀݚͰ༻͢Δғޟϓ

ϩάϥϜ stormK=1.4Λ༻͍ͯ͠Δɽ
[
্Ґ 1Ґͷᮢ

]
:= 0ɼ (11)

[
্Ґ n+ 1Ґͷᮢ

]
:= [্Ґ nҐͷᮢ] + ⌊40Kn⌋ɼ (n > 0)ɽ (12)
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্ͷࣜΛ༻͍Δ͜ͱͰɼީิखͷ୳ࡧճʹରͯ͠ରؔతʹ૿Ճ͢Δɽ·ͨɼީ

ิख͕૿͑Δଟͯ͘ 1Ͱ͋Δɽ͜ͷ͜ͱ͔Βɼ͜ͷख๏Λ༻͍Δ͜ͱʹΑΓɼॏཁ

ͦ͏ͳணख͔ΒঃʑʹީิखΛ૿͠୳͢ࡧΔ͜ͱ͕Ͱ͖ɼ͔ͭީิख͕૿͑ͨͱͯ͠

ɼͦͷީิख͕ͦΕ·Ͱ୳͞ࡧΕͨީิखΑΓྑ͍͔ධՁ͢Δ୳ࡧΛेʹ͜͏ߦͱ

͕Ͱ͖Δɽ

ද 1 ީิखʹऔΓೖΕΔͱ͖ͷબճͷᮢͱϨʔτॱҐͷؔ

ϨʔτॱҐ 2 3 4 5 6 . . .

ᮢ 40 96 174 283 436 . . .

3.9 ಉ৺ԁஔΞϧΰϦζϜ

ຊڀݚͰ୳ࡧͷ༷ࢠΛ֬ೝ͢ΔͨΊʹɼಉ৺ԁஔΞϧΰϦζϜ [9]ͱݺΕΔํ

๏Ͱ୳ࡧͷઅΛஔ͠ɼඳը͍ͯ͠Δɽ͜͜Ͱɼಉ৺ԁஔΞϧΰϦζϜΛ؆୯ʹ

આ໌͢Δɽ

ಉ৺ԁஔΞϧΰϦζϜଟ͘ͷઅ͔ΒͳΔߏΛݟ͘͢ඳը͢ΔͨΊͷख๏Ͱ

͋Δɽྫ͑ɼਤ 12ʹ͍ࣔͯ͠Δߏʹରͯ͠ɼ͜ͷΞϧΰϦζϜΛ༻͍Δͱɼਤ 13

ͷΑ͏ʹઅ͕ஔ͞ΕΔɽͳ͓ɼਤ 13ʹಉ৺ԁஔΞϧΰϦζϜͷઆ໌ͷͨΊͷิ

ॿઢ͕͞هΕ͍ͯΔɽߏΛਤ 12ͷΑ͏ʹඳը͢Δ߹ɼઅ͕ଟ͘ͳΔͱԣ෯Λ

େ͖͘ͱΔඞཁ͕͋Δɽ·ͨɼͲͷઅ͕ࢠઅΛଟ͔ͭ࣋͘ͳͲ͕͙͢ʹΘ͔ΓͮΒ

͍͕ܽ͋Δɽਤ 13ΛͯݟΘ͔ΔΑ͏ʹɼಉ৺ԁஔΞϧΰϦζϜΛ༻͢Δͱɼͦ

ͷΑ͏ͳ͕ܽͳ͘ɼຊڀݚͰඳըͷରͱͳΔ୳ࡧΛඳը͢Δͷʹద͍ͯ͠Δͱ͑ߟ

ΒΕΔɽ

ਤʹ࣍ 13Λྫʹඳըํ๏Λઆ໌͢Δɽಉ৺ԁஔΞϧΰϦζϜ֤અʹྖҬ֯ͱݺ

ΕΔ֯ΛׂΓͯΔ͜ͱʹΑΓઅͷஔΛ͍ͯͬߦΔɽ͡ΊʹࠜઅͷྖҬ֯

Λ 360ͱׂΓͯɼԁͷத৺ʹஔ͢Δɽ࣍ʹ֤ࠜઅͷࢠઅ͕ࢠͭ࣋અͷΛ

্͑͛Δɽ͜͜Ͱɼࢠઅ͕༿અͰ͋ͬͨ߹ʹࢠઅͷΛࣗࣗͷ 1 ͱ͑

Δɽਤ 13ͷྫͰɼઅ Cͷࢠઅͷ 3Ͱ͋Γɼઅ Bͱ DɼE 1ͱͯ͑͠

ΒΕΔɽ͕ͨͬͯ͠߹ͨ͠ܭ 6Ͱ͋Δ͜ͱ͕Θ͔Δɽͦͯ͠ɼ্͑͛ͨʹԠͯ͡

ྖҬ֯ͷׂΓͯΛ͏ߦɽΑΓ۩ମతʹɼઅ͕ྖͭ࣋Ҭ֯Λ߹ͨ͠ܭͰׂΓɼͦ

ͷʹ͕ࣗࢠͭ࣋અͷΛ͔͚ͨΛࣗͷྖҬ֯ͱׂͯ͠ΓͯΔɽਤ 13ͷྫͰ

ɼઅͰ͋ΔࠜઅͷྖҬ֯ 360 Ͱ͋Γɼ߹ࢠͨ͠ܭઅ 6 Ͱ͋Δ͜ͱ͔
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Βɼׂͬͨ 60Ͱ͋ΔɽΑͬͯɼઅ CࢠઅΛ ͱ͔Βɼઅͭ࣋͜3ͭ Cͷྖ

Ҭ֯ 3ഒͨ͠ 180ׂ͕ΓͯΒΕΔɽಉ༷ʹઅ Bͱ DɼE 60ׂ͕ΓͯΒΕ

Δɽ࣍ʹઅͷஔΛ͏ߦɽઅׂΓͯΒΕͨྖҬ֯ͷͷ͖ͷઢΛࠜઅ͔Β

Ҿ͖ɼਂ͞ʹԠͨ͡ಉ৺ԁͷԁप্ͱަΘΔʹஔ͞ΕΔɽਤ 13Ͱɼઅ CྖҬ

֯ͷͰ͋Δ 90ͷҐஔʹஔ͞Ε͍ͯΔ͜ͱ͕Θ͔ΔɽҎ্ͷॲཧΛ 1εςοϓͱ

͠ɼͯ͢ͷઅʹྖҬ֯ΛׂΓͯͯஔ͠ऴ͑Δ·Ͱ͏ߦɽ

Ҏ্ͷΞϧΰϦζϜͷಈ࡞આ໌͔ΒɼࢠઅΛଟͭ࣋͘અͷྖҬ֯େ͖͍͜ͱ͕༧

͞ΕΔɽ͕ͨͬͯ͠ɼਤΛͨݟͱ͖ʹྖҬ͕֯େ͖͍અࢠઅΛଟͭ࣋͘ͱ༧͢

Δ͜ͱ͕Ͱ͖Δɽ·ͨɼࠜઅ͔Βͷڑͷਂ͞ʹ૬͓ͯ͠Γɼࠜઅ͔Βڑ

ʹ͋Δઅಉ͡ਂ͞Λͭ࣋ɽ͜Ε͔Βɼઅͷ࠷େͷਂ͙͢͞ʹஅͰ͖Δɽຊจ

Ͱɼଟ͘ͷઅ͔ΒͳΔ୳ࡧΛඳը͢Δ߹ʹ͜ͷख๏Λ༻͍͍ͯΔɽ

A

B C

F G H

D E

ਤ 12 ߏͷྫ
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ਤ 13 ਤ 12ͷߏΛಉ৺ԁஔΞϧΰϦζϜʹΑΓஔͨ͠ྫ

ୈ 4ষ ༧ଌಡΈʹؔ͢Δݧ࣮ূݕ
ຊষͰɼଜদࣨڀݚͰ։ൃ͞Ε͍ͯΔғޟϓϩάϥϜ stormʹ༧ଌಡΈΛ࣮͠ɼͲ

ͷఔ͘ڧͳΔ͔Λͨ͠ূݕରݧ࣮ہͷ݁ՌΛࣔ͢ɽ

4.1 ༧ଌಡΈΞϧΰϦζϜͷ࣮

storm ख൪͕͘Δͨͼʹ UCT ΛҰ͔Β͏ߦॲཧ͕࣮͞Ε͍ͯͨɽͦ͜Ͱɼਤ 14

ʹࣔ͢ΞϧΰϦζϜʹม͢ߋΔ͜ͱʹΑΓɼ༧ଌಡΈॲཧΛ࣮ͨ͠ݱɽਤ 14ͷΞϧΰϦ

ζϜΛਤΛ༻͍ͯઆ໌͢Δɽ

·ͣɼΞϧΰϦζϜͷॲཧ༰Ͱ༻͞Ε͍ͯΔ༻ޠʹ͍ͭͯઆ໌͢Δɽ༧ଌಡΈͷઆ

໌ΛΘ͔Γ͘͢͢ΔͨΊʹɼ2ͭͷ༻ޠΛಋೖ͍ͯ͠Δɽ1ͭΊɼ༧ଌ୳ࡧͰ͋Δɽ

͜Εɼ༧ଌಡΈ࣌ʹੜ͞ΕΔ୳ࡧͷ͜ͱͰ͋Δɽ2ͭΊɼख൪୳ࡧͰ͋Δɽ͜

Εɼख൪࣌ʹੜ͞ΕΔ୳ࡧͷ͜ͱͰ͋Δɽ࣍ʹɼ֤ஈ֊ͷॲཧ༰Λઆ໌͢Δɽ

Step 1ͰͷॲཧͷྫΛਤ 15ͱਤ 16ʹࣔ͢ɽਤ 15ɼ༧ଌ୳ࡧͰ͋Δɽ͜͜Ͱɼ૬

ख͕ަ CͷணखΛબͨ͠ͱ͢Δɽ͜ͷ߹ʹɼͦͷணखʹରԠ͢Δઅ C͕͋

ΔͷͰɼਤ 16ͷΑ͏ʹઅ CΛࠜઅͱͯ͠୳ࡧΛ͏ߦɽ·ͨɼ૬ख͕ަ B CɼD

Ҏ֎ͷணखΛͨͬߦ߹ʹɼ୳ࡧʹରԠ͢Δઅ͕ͳ͍ͨΊɼ৽ͨʹࠜઅΛ࡞

͢Δɽ
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Step 2ͰͷॲཧͷྫΛਤ 17ʹࣔ͢ɽਤ 17ɼਤ 16Λ༻͍ͯ୳ߦ͕ࡧΘΕͨޙͷख൪

୳ࡧΛ͍ࣔͯ͠Δɽ͜͜Ͱɼަ Hͷணख͕࠷ଟ͘୳͞ࡧΕͨͱ͢Εɼަ H

Λ࣍ͷҰखͱͯ͠બ͢Δɽ

Step 3ͰͷॲཧͷྫΛਤ 18ʹࣔ͢ɽਤ 18ɼਤ 17Ͱަ HΛબͨ͠߹ʹ͓͍

ͯɼ༧ଌ୳ࡧͷॳظঢ়ଶΛ͍ࣔͯ͠ΔɽStep 1͔Β Step 4ͷॲཧΛ܁Γฦ͜͠͏ߦͱ

Ͱɼ૬ख൪ͷͱ͖ʹ୳ࡧΛ͏ߦ༧ଌಡΈ͕Ͱ͖ɼ૬ख͕બͨ͠અ͕༧ଌಡΈͷஈ֊Ͱ

୳͞ࡧΕ͍ͯͨ߹ʹ୳ͯ͠ࡧಘͨใΛ࣍ͷ୳܁ʹ࣌ࡧΓӽͯ͠༻͢Δ͜ͱ͕Ͱ

͖Δɽ

4.2 ݧ࣮

4.2.1 ݧ࣮ 1ɿࣗݾରہ

༧ଌಡΈ͕Ͳͷఔ༗ޮ͔ௐࠪ͢ΔͨΊɼඪ४తͳ༧ଌಡΈΞϧΰϦζϜΛ࣮ͨ͠

storm (Version 1.14.2)ͱ࣮͍ͯ͠ͳ͍ैདྷͷ storm (Version 1.14.1)ͷରઓΛͨͬߦɽ

·ͨɼ͜ΕҎ߱Ͱඪ४తͳ༧ଌಡΈΞϧΰϦζϜΛ࣮ͨ͠ stormΛ storm-ponderͱ

ද͢هΔɽ

4.2.2 ͱ݅ڥݧ࣮

9࿏൫ͱ 13࿏൫ɼ19࿏൫Ͱͷ࣮ڥݧԼهͷͱ͓ΓͰ͋Δɽ

✓ ✏
Algorithm 1 : ඪ४తͳ༧ଌಡΈΞϧΰϦζϜ

Step 1 ༧ଌ୳ࡧʹ͓͍ͯɼਂ͞ 1ͷઅʹ૬ख͕࣮ࡍʹબͨ͠અ͕͋Δ߹

ʹɼͦͷઅΛ৽ͨʹࠜઅͱͯ͠ख൪୳ࡧΛ࡞͠ɼ୳ࡧΛ͏ߦɽબ

ͨ͠અ͕ͳ͍߹ʹɼैདྷͲ͓Γʹ৽ͨʹࠜઅͷΈ͔ΒͳΔख൪୳

ɽ͏ߦΛࡧ͠ɼ୳࡞Λࡧ

Step 2 ୳͠ࡧऴ͑ͨΒࠜઅʹର͢Δࢠઅͷͳ͔ͰҰ൪ଟ͘બ͞Εͨࢠઅʹ

ରԠ͢ΔணखΛ࣍ͷҰखͱͯ͠બ͢Δɽ

Step 3 બͨ͠અΛ৽ͨʹࠜઅͱͯ͠༧ଌ୳ࡧΛ࡞͠ɼ૬ख൪͔Β༧ଌಡ

Έʹ૬͢Δ୳ࡧΛ͏ߦɽ

Step 4 ૬ख͕ணखͨ͠ޙʹ༧ଌಡΈʹ૬͢Δ୳ࡧΛऴྃ͠ɼStep 1ਐΉ.✒ ✑
ਤ 14 ඪ४తͳ༧ଌಡΈΞϧΰϦζϜ
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A

B

E F

C

G H

I J

D

ਤ 15 ༧ଌಡΈͰੜ͞Εͨ༧ଌ୳ࡧ

C

G H

I J

ਤ 16 ਤ 15ʹ͓͍ͯ૬ख͕ Cʹணखͨ͠߹ͷख൪୳ࡧͷॳظঢ়ଶ

ɾOS Linux Mint 16 Cinnamon 64-bitɽ

ɾCPU Intel c⃝ CoreTM i7-2630QM CPU @ 2.00GHz x 4ɽ

ɾϝϞϦ 8GBɽ

9࿏൫ͱ 13࿏൫Ͱͷ࣮ݧ݅Լهͷͱ͓ΓͰ͋Δɽ

ɾ தࠃϧʔϧɼίϛ 7Ͱ ൪ࠇʢہ500 ɼന൪ہ250 ʣɽہ250

ɾ storm ͱ storm-ponder ͷख൪࣌ͷϓϨΠΞτɼ3,000ɼ6,000 ͱݻఆɽ༻͢

ΔεϨου 4ɼࣜ (1) ʹ͓͚Δ C  1.0ɼࣜ (12) ʹ͓͚ΔK  1.4ͱઃఆɽ

19࿏൫Ͱͷ࣮ݧ݅Լهͷͱ͓ΓͰ͋Δɽ

ɾ தࠃϧʔϧɼίϛ 7Ͱ ൪ࠇʢہ500 ɼന൪ہ250 ʣɽہ250
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C

G H

I

N O

J

K

L M

ਤ 17 ਤ 16Λ༻͍ͯ୳ߦ͕ࡧΘΕͯੜ͞Εͨख൪୳ࡧ

H

I

N O

J

ਤ 18 ਤ 17ʹ͓͍ͯ HΛணखબͨ͠ޙͷ༧ଌಡΈͰ༻͢Δ༧ଌ୳ࡧͷॳظঢ়ଶ

ɾ stormͱ storm-ponderͷख൪࣌ͷϓϨΠΞτɼ3,000ͱݻఆɽ༻͢ΔεϨο

υ 4ɼࣜ (1) ʹ͓͚Δ C  1.0ɼࣜ (12) ʹ͓͚ΔK  1.4ͱઃఆɽ

4.2.3 ݁Ռͱߟ

9࿏൫ͱ 13࿏൫ɼ19࿏൫Ͱͷ࣮݁ݧՌΛද 2ʹࣔ͢ɽ͍ͣΕͷ࣮ݧ݅ʹ͓͍ͯɼ

༧ଌಡΈΛ࣮ͨ͠ϓϩάϥϜ͕উͪӽ͍ͯ͠Δ͜ͱ͕Θ͔Δɽ·ͨɼϓϨΠΞτ͕

૿Ճͯ͠উͷมԽ͋·Γͳ͍͜ͱΘ͔Δɽ·ͨɼ൫໘ͷେ͖͕͞ҟͳͬͯɼಉ

ఔউͪӽ͍ͯ͠Δ͜ͱΘ͔Δɽ

ද 3ʹɼ֤ख൪࣌ʹੜͨ͠ख൪୳ࡧͷઅͷฏۉͱࠜઅͷࢠઅͷฏۉΛͦ

ΕͧΕࣔ͢ɽද 3 ʹ͓͍ͯɼ୳ࡧऴྃ࣌ͷࠜઅͷࢠઅͷฏۉ୳ࡧऴྃ࣌ͷީิख
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ͷฏۉΛද͍ͯ͠Δɽ͜ͷද͔Βɼ9࿏൫ͱ 13࿏൫ʹ͓͍ͯɼ༧ଌಡΈΛͨ͠߹

͠ͳ͔ͬͨ߹ͱൺͯੜͨ͠୳ࡧͷઅ͍ͣΕ 1.5ഒఔଟ͍͜ͱ͕Θ͔

Δɽ·ͨɼީิखͷฏۉͷࠩ 1Ҏ্͋Δɽ͜ͷ͜ͱ͔Βɼ༧ଌಡΈΛͨ͠߹ΑΓ

ଟ͘ͷީิखʹରͯ͠ɼଟ͘ͷϓϨΠΞτʹΑΔ୳ࡧΛ࣮ݱͰ͖ɼউͪӽͨ͠ͱ͑ߟΒ

ΕΔɽ19࿏൫ʹ͓͍ͯɼީิखͷฏۉมԽ͠ͳ͔͕ͬͨɼੜͨ͠અ͕૿Ճ͠

͍ͯΔ͜ͱ͕Θ͔Δɽ͜Ε͕༧ଌಡΈΛͨ͠ϓϩάϥϜ͕উͪӽͨ͠ཁҼͰ͋Δͱ͑ߟΒ

ΕΔɽ

Ͳͷఔ༧ଌಡΈͨ͠୳݁ࡧՌΛར༻Ͱ͖͍͔ͯͨͷใΛද 4ʹࣔ͢ɽදʹ͓͍ͯɼ

ϓϨΠΞτʹରͯ͠ɼ࣮ͨͬߦʹ࣌Γӽͨ͠ϓϨΠΞτͷׂ߹ͱɼ༧ଌಡΈ܁

ΘΕͨճͷׂ߹Ͱ͋ΔɽදΑΓɼ13࿏൫ߦΔϓϨΠΞτ͕·࢝ͷ૬खͷணख͔Βࡍ

ʹൺͯ 9࿏൫ͷํ͕܁Γӽͨ͠ϓϨΠΞτͷׂ߹େ͖͍͜ͱ͕Θ͔Δɽ͜Εɼ

9࿏൫ͷํ͕ީิखΛ୳ࡧʹΑΓߜΓ͘͢ɼ૬खͷ࣮ࡍͷணखʹରͯ͠ΑΓ୳ࡧͰ͖ͨ

͔Βͩͱ͑ߟΒΕΔɽ19࿏൫ʹൺͯ 13࿏൫ͷํ͕܁Γӽͨ͠ϓϨΠΞτͷׂ߹͕

େ͖͍͜ͱಉ༷ͷཧ༝ͩͱ͑ߟΒΕΔɽ

ද 2 stormͱͷରઓ݁Ռ

൫໘ͷେ͖͞ ख൪࣌ͷϓϨΠΞτ storm-ponderͷউ

9࿏൫ 3,000 66.0%

9࿏൫ 6,000 65.4%

13࿏൫ 3,000 65.6%

13࿏൫ 6,000 65.6%

19࿏൫ 3,000 64.0%

4.2.4 ݧ࣮ 2ɿGNU Goͱͷରہ

༧ଌಡΈʹΑΓผͷϓϩάϥϜʹରͯ͠Ͳͷఔ༗ޮ͔ௐࠪ͢ΔͨΊɼstorm-ponder

ͱ GNU Go 3.8 [10]ɼstormͱ GNU Go 3.8ͷରઓΛͨͬߦɽGNU GoΦʔϓϯιʔ

εͷғޟϓϩάϥϜͰ͋Δɽ

4.2.5 ͱ݅ڥݧ࣮

9࿏൫Ͱͷ࣮ڥݧԼهͷͱ͓ΓͰ͋Δɽ

ɾOS Ubuntu 12.04 32bitɽ
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ද 3 stormͱͷରઓ࣌ʹ୳͞ࡧΕͨ୳ࡧͷઅͷฏۉͱࠜઅͷࢠઅͷฏۉ

൫໘ͷେ͖͞
ख൪࣌ͷ

ϓϨΠΞτ ༧ଌಡΈͷ༗ແ
ੜͨ͠
અͷฏۉ

୳ࡧऴྃ࣌ͷ
ࠜઅͷ
ۉઅͷฏࢠ

9࿏൫ 3,000 ͳ͠ 1,696 11

9࿏൫ 3,000 ͋Γ 2,786 13

9࿏൫ 6,000 ͳ͠ 3,391 13

9࿏൫ 6,000 ͋Γ 6,010 14

13࿏൫ 3,000 ͳ͠ 1,570 11

13࿏൫ 3,000 ͋Γ 2,143 12

13࿏൫ 6,000 ͳ͠ 3,057 13

13࿏൫ 6,000 ͋Γ 4,450 14

19࿏൫ 3,000 ͳ͠ 1,431 11

19࿏൫ 3,000 ͋Γ 1,713 11

ද 4 ֤݅ʹ͓͍ͯ༧ଌಡΈʹΑΓ܁Γӽͨ͠ϓϨΠΞτͷׂ߹

൫໘ͷେ͖͞ ख൪࣌ͷϓϨΠΞτ ߹Γӽͨ͠ϓϨΠΞτͷׂ܁

9࿏൫ 3,000 39.2%

9࿏൫ 6,000 41.9%

13࿏൫ 3,000 28.3%

13࿏൫ 6,000 31.3%

19࿏൫ 3,000 20.3%

ɾCPU Intel R⃝ CoreTM i7-7620M CPU @ 2.70GHz x 4ɽ

ɾϝϞϦ 4GBɽ

9࿏൫Ͱͷ࣮ݧ݅Լهͷͱ͓ΓͰ͋Δɽ

ɾ தࠃϧʔϧɼίϛ 7Ͱ ൪ࠇʢہ500 ɼന൪ہ250 ʣɽہ250

ɾ stormͱ storm-ponder ͷख൪࣌ͷϓϨΠΞτ 500ͱݻఆɽ༻͢ΔεϨου

 3ɼࣜ (1) ʹ͓͚Δ C  1.0ɼࣜ (12) ʹ͓͚ΔK  1.4ͱઃఆɽ

ɾ GNU GoͷϨϕϧσϑΥϧτͷ 10ͱઃఆɽ
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13࿏൫Ͱͷ࣮ڥݧԼهͷͱ͓ΓͰ͋Δɽ

ɾOS Ubuntu 12.04 64bitɽ

ɾCPU Intel R⃝ Xeon(R) CPU E5430 @ 2.66GHz x 8ɽ

ɾϝϞϦ 8GBɽ

13࿏൫Ͱͷ࣮ݧ݅Լهͷͱ͓ΓͰ͋Δɽ

ɾ தࠃϧʔϧɼίϛ 7Ͱ ൪ࠇʢہ500 ɼന൪ہ250 ʣɽہ250

ɾ stormͱ storm-ponderͷख൪࣌ͷϓϨΠΞτ 3000ͱݻఆɽ༻͢ΔεϨου

 6ɼࣜ (1) ʹ͓͚Δ C  1.0ɼࣜ (12) ʹ͓͚ΔK  1.4ͱઃఆɽ

ɾ GNU GoͷϨϕϧ 10ͱઃఆɽ

19࿏൫Ͱͷ࣮ڥݧԼهͷͱ͓ΓͰ͋Δɽ

ɾOS Ubuntu 14.04 64bitɽ

ɾCPU Intel R⃝ Xeon(R) CPU E5430 @ 2.66GHz x 8ɽ

ɾϝϞϦ 8GBɽ

19࿏൫Ͱͷ࣮ݧ݅Լهͷͱ͓ΓͰ͋Δɽ9࿏൫ 13࿏൫ͱൺֱͯ͠ 19࿏൫Ͱϓ

ϨΠΞτΛ૿͕ؒ࣌ࢉܭ͏ߦՃ͢ΔɽेͳͷϓϨΠΞτΛ storm-ponderʹߦΘ

ͤ͞ΔͨΊʹɼGNU Goͷணख 2ඵܦա͢Δ·ͰணखΛฦ͞ͳ͍Α͏ʹઃఆ͍ͯ͠Δɽ

ɾ தࠃϧʔϧɼίϛ 7Ͱ ൪ࠇʢہ500 ɼന൪ہ250 ʣɽہ250

ɾ storm ͱ storm-ponder ͷख൪࣌ͷϓϨΠΞτ 7,000 ͱݻఆɽ༻͢ΔεϨο

υ 6ɼࣜ (1) ʹ͓͚Δ C  1.0ɼࣜ (12) ʹ͓͚ΔK  1.4ͱઃఆɽ

ɾ GNU GoͷϨϕϧ 0ͱઃఆɽ

ɾ storm-ponderͷରઓ࣌ʹ GNU Goͷணख 2ඵܦա͢Δ·ͰணखΛฦ͞ͳ͍Α͏

ʹઃఆɽ

4.2.6 ݁Ռͱߟ

ՌΛද݁ݧ࣮ 5ʹࣔ͢ɽද͔ΒΘ͔ΔΑ͏ʹɼ͍ ͣΕͷ൫ͷେ͖͞ʹ͓͍ͯ stormΑ

Γ storm-ponderͷউ͕͍͜ߴͱ͕Θ͔Δɽ·ͨɼ9࿏൫ͱ 13࿏൫ɼ19࿏൫ͰͷͦΕ

ͧΕͷ stormͱͷউͷࠩͷݕఆʹΑΔٻ·Δ p 5.2×10−6 ͱ 0.019ɼ0.013Ͱ͋ͬ

ͨɽ͜ͷ͜ͱ͔Β༧ଌಡΈΛ࣮͢Δ͜ͱʹΑΓ༗ҙਫ४ 5%Ͱ༗ҙʹ͘ڧͳͬͨ͜ͱ͕

Θ͔Δɽ
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ΘΕߦతʹͲͷఔϓϨΠΞτ͕ۉ૬ख͕બͨ͠અ͕༧ଌಡΈͷஈ֊Ͱฏʹࡍ࣮

͍͔ͯͨΛද 6ʹࣔ͢ɽදʹ͓͍ͯɼฏۉϓϨΠΞτճͱɼ༧ଌಡΈ࣌ʹ૬खͷண

ख͔Β࢝·ΔϓϨΠΞτΛͨͬߦճͷ͜ͱͰ͋Δɽද͔ΒΘ͔ΔΑ͏ʹɼ૬ख͕બ

ͨ͠खΛ༧ଌಡΈ࣌ʹฏͯ͠ۉ 1,000ճఔϓϨΠΞτΛ͍ͨͯͬ͜ߦͱ͕Θ͔Δɽ͜

Ε͕ storm-ponderͷউ͕ stormΑΓ͔ͨͬߴཁҼͰ͋Δͱ͑ߟΒΕΔɽ

ද 5 GNU Goͱͷରઓ݁Ռ

൫໘ͷେ͖͞ ରઓϓϩάϥϜ ରઓϓϩάϥϜͷউ

9࿏൫ storm-ponder 56.2%

9࿏൫ storm 41.8%

13࿏൫ storm-ponder 55.6%

13࿏൫ storm 48.2%

19࿏൫ storm-ponder 49.6%

19࿏൫ storm 41.8%

ද 6 ༧ଌಡΈ࣌ʹ૬खͷணख͔Β࢝·ΔϓϨΠΞτΛͨͬߦճ

൫ͷେ͖͞ ฏۉϓϨΠΞτճ

9࿏൫ 1,327

13࿏൫ 1,063

19࿏൫ 957

4.3 ·ͱΊ

ݧ࣮ 1ͷࣗݾରہͰɼ9࿏൫ 13࿏൫ɼ19࿏൫ʹ͓͍ͯɼ༧ଌಡΈΛͨͬߦ storm-

ponderͷউ͕ 60%Ҏ্উͪӽ͍ͯ͠Δ͜ͱ͕֬ೝ͞Εͨɽ͜ͷ݁Ռ͔Βɼ༧ଌಡΈʹ

ΑΓ storm ͷྗع্ͨ͠ͱ͑ߟΒΕΔɽ·ͨɼ܁Γӽͨ͠ϓϨΠΞτ൫͕େ

͖͘ͳΔ΄Ͳখ͘͞ͳΔ͜ͱ֬ೝ͞Εͨɽ͜Ε൛͕େ͖͘ͳΔ΄Ͳ༧ଌಡΈʹΑΓ૬

खͷखΛಡΉ͜ͱ͕ࠔʹͳΔ͜ͱΛҙຯ͍ͯ͠Δͱ͑ߟΒΕΔɽ

ݧ࣮ 2ͷ GNU GoͱͷରہͰɼ9࿏൫ 13࿏൫ɼ19࿏൫ʹ͓͍ͯɼstormΑΓ

storm-ponderͷํ͕উ͕ 7%Ҏ্͘ߴͳΔ͜ͱ͕֬ೝ͞Εͨɽ͜ͷ݁Ռ͔Βɼࣗݾର
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ઓҎ֎Ͱ͘ڧͳΔ͜ͱ͕Θ͔ͬͨɽ·ͨɼ༧ଌಡΈ࣌ͷ૬खͷணख͔Β࢝·ΔϓϨΠΞ

τΛͨͬߦճΛܭଌͨ͠ͱ͜ΖɼͲͷ൫ͷେ͖͞ʹ͓͍ͯेʹϓϨΠΞτΛߦ

͍͑ͯͨ͜ͱ͕֬ೝͰ͖ͨɽ͜ͷ͜ͱ͕ɼউ্͕ͨ͠ཁҼͰ͋Δͱ͑ߟΒΕΔɽ
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ୈ 5ষ ύϥϝλௐʹΑΔ༧ଌಡΈͷڧԽ

5.1 ֓ཁ

ୈ 4ষͰɼख൪࣌ͱಉ͡୳ࡧΛ͏ߦ༧ଌಡΈΛ࣮ͨ͜͠ͱͰɼ্͕͢ྗعΔ͜ͱ

Λ֬ೝͨ͠ɽຊষͰɼ৽ͨʹ༧ଌಡΈͷڧԽํ๏ΛఏҊ͠ɼ༧ଌಡΈʹΑΓ͞ΒͳΔع

ྗͷ্ΛࢼΈΔɽ

༧ଌಡΈͰੜͨ͠୳ࡧʹ͓͍ͯಘΒΕͨใΛ࣍ͷख൪ʹ༻Ͱ͖Δͷɼ࣮ࡍʹ

૬ख͕બͨ͠ணखʹରԠ͢ΔઅҎԼͷ෦ͷΈͰ͋Δɽ͕ͨͬͯ͠ɼ૬ख͕࣮ࡍʹ

બͨ͠ணखҎ֎͔ΒߦΘΕͨ୳ࡧͷใ༻͞Εͳ͍ɽ͜ͷ͜ͱ͔Βɼ༧ଌಡΈͰͷ

୳ࡧख൪࣌ͷΑ͏ʹΑΓྑ͍ணखΛ୳͢ࡧΔ͜ͱΑΓɼ࣮ࡍͷ૬खͷணखΛΑΓଟ͘

ಡΉ͜ͱ͕ཁ͞ٻΕΔɽͦ͜ͰɼϞϯςΧϧϩ୳ࡧͷͷੜʹେ͖ؔ͘ΘΔύϥϝλ

Λม͢ߋΔ͜ͱʹΑΓɼ༧ଌಡΈ࣌ʹΑΓྑ͍୳ࡧΛ࣮͢ݱΔख๏ΛఏҊ͢ΔɽఏҊ͢Δ

ख๏ʹ͓͍ͯม͢ߋΔύϥϝλ 2ͭͰ͋Δɽ

1ͭΊɼࣜ (1) Ͱද͞ΕΔ UCB1ʹ͋Δ C Ͱ͋Δɽ͜ͷύϥϝλউͷظ

ʹରͯ͠όΠΞεΛॏΈ͚ΔͷͰ͋Δɽύϥϝλ͕େ͖͘ͳΔͱόΠΞεͷ͕େ

͖͘ͳΓɼ݁Ռͱͯ͠ɼ͘୳͢ࡧΔΑ͏ʹͳΔɽ

2ͭΊɼࣜ (12) Ͱද͞ΕΔ Progressive Wideningʹ͓͚Δᮢʹؔ͢Δ K Ͱ͋

ΔɽProgressive WideningঃʑʹީิखΛ૿͍ͯ͘͠ख๏Ͱ͋ΔɽK ͷΛେ͖͘

͢ΔͱީิखΛ૿͢ᮢ͕େ͖͘ͳΔɽ݁Ռͱͯ͠ɼީิखͷ͕গͳ͘ͳΓɼॏత

ͳ୳ߦ͕ࡧΘΕ͘͢ͳΔɽ

ͷه্ 2ͭͷύϥϝλΛม͑Δ͜ͱʹΑΓɼੜ͞ΕΔ୳ࡧͷΛม͑Δ͜ͱ͕

Ͱ͖Δɽͦ͜ͰɼఏҊख๏Ͱ༧ଌಡΈ࣌ख൪࣌ͱಉ͡ύϥϝλΛ༻͢ΔͷͰͳ

͘ΑΓదͳΛઃఆ͢Δ͜ͱʹΑΓɼ༧ଌಡΈͰಘͨใʹ͓͍ͯ༻Ͱ͖ΔྔΛ૿

͠ɼྗعͷ্ΛࢼΈΔɽ

5.2 ύϥϝλௐΛ͏ߦ༧ଌಡΈΞϧΰϦζϜ

ఏҊͨ͠ύϥϝλௐΛ͏ߦ༧ଌಡΈͷΞϧΰϦζϜΛਤ 19ʹࣔ͢ɽ͜ͷΞϧΰϦζ

Ϝਤ 14 ʹࣔ͢ඪ४తͳ༧ଌΞϧΰϦζϜʹ Step 4 ͷύϥϝλΛม͢ߋΔॲཧΛՃ

͑ͨͷͰ͋Δɽ͜ͷॲཧΛՃ͢Δ͜ͱͰɼ༧ଌಡΈΛ͏ߦͱ͖ख൪࣌ͷ୳ࡧͱҟ

ͳͬͨύϥϝλΛ༻͍ͨ୳ࡧΛ࣮͢ݱΔ͜ͱ͕Ͱ͖Δɽ·ͨɼมͨ͠ߋύϥϝλ
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✓ ✏
Algorithm 2 : ύϥϝλௐΛ͏ߦ༧ଌಡΈΞϧΰϦζϜ

Step 1 ख൪࣌Ͱ༻͢Δύϥϝλ C ͱK ͱผʹɼ༧ଌಡΈʹ࣌༻͢Δύϥϝ

λ Cponder ͱKponder ͷΛઃఆ͢Δɽ

Step 2 ༧ଌ୳ࡧʹ͓͍ͯɼਂ͞ 1ͷઅʹ૬ख͕࣮ࡍʹબͨ͠અ͕͋Δ߹

ʹɼͦͷઅΛ৽ͨʹࠜઅͱͯ͠ख൪୳ࡧΛ࡞͠ɼ୳ࡧΛ͏ߦɽબ

ͨ͠અ͕ͳ͍߹ʹɼैདྷͲ͓Γʹ৽ͨʹࠜઅͷΈ͔ΒͳΔख൪୳

ɽ͏ߦΛࡧ͠ɼ୳࡞Λࡧ

Step 3 ୳͠ࡧऴ͑ͨΒࠜઅʹର͢Δࢠઅͷͳ͔ͰҰ൪ଟ͘બ͞Εͨࢠઅʹ

ରԠ͢ΔணखΛ࣍ͷҰखͱͯ͠બ͢Δɽ

Step 4 ύϥϝλ C ʹ CponderɼK ʹKponder ͷͦΕͧΕͷΛઃఆ͢Δɽ

Step 5 બͨ͠અΛ৽ͨʹࠜઅͱͯ͠༧ଌ୳ࡧΛ࡞͠ɼ૬ख൪͔Β༧ଌಡ

Έʹ૬͢Δ୳ࡧΛ͏ߦɽ

Step 6 ૬ख͕ணखͨ͠ޙʹ༧ଌಡΈʹ૬͢Δ୳ࡧΛऴྃ͢Δɽͦͯ͠ɼύϥϝλ

C ͱK ͷΛݩʹ͠ɼStep 2ਐΉɽ✒ ✑
ਤ 19 ఏҊख๏ͷ༧ଌಡΈΞϧΰϦζϜ

Step 6Ͱݩʹ͍ͯ͠Δɽ

5.3 ͷมԽࡧͷ୳ࡍ࣮

ࣜ (1) ͷύϥϝλ C ͱࣜ (12) ͷύϥϝλ K Λม͢ߋΔ͜ͱʹΑΓɼ୳ࡧʹΑΓੜ

͞ΕΔ୳ࡧ͕ͲͷΑ͏ʹมԽ͢Δ͔࣮ྫΛ༻͍ͯઆ໌͢Δɽਤ 20ʹ͋Δہ໘ͰσϑΥ

ϧτͰ͋Δ C = 1ɼK = 1.4ͱͨ͠ͱ͖ʹ storm͕ 10,000ճͷϓϨΠΞτΛ͜͏ߦ

ͱʹΑΓੜ͢Δ୳ࡧྫͱͯ͠ਤ 21ͷΑ͏ͳͷͰ͋Δɽ͜ͷਤ୳ࡧΛಉ৺ԁ

ஔΞϧΰϦζϜ [9]ʹΑΓஔͨ͠ਤͰ͋Δɽ͜ͷΞϧΰϦζϜͷརଟ͘ͷઅΛ

ؚΉ୳ࡧͷશମΛѲ͘͢͠ͳΔ͜ͱͰ͋Δɽ·ͨɼUCTʹΑͬͯੜ͞Εͨ୳ࡧ

ͷઅΛಉ৺ԁஔΞϧΰϦζϜʹΑΓஔͨ͠߹ɼྖҬ͕֯େ͖͍અͰଟ͘ͷ

ϓϨΠΞτ͕ߦΘΕ͍ͯΔͱ͑ߟΒΕΔɽ

ਤ 21ʹ͓͍ͯɼAɼBͱҹ͚ΒΕͨઅʢઅ Aͱઅ Bʣਤ 20ͷҹΕΕͨ

ަͷணखʹରԠ͍ͯ͠ΔɽਤΑΓɼަ A͔Β࢝·ΔϓϨΠΞτ͕ଟ͘ߦΘΕͯ

͍Δ͜ͱ͕Θ͔Δɽ·ͨɼಉҰہ໘ʹ͓͍ͯύϥϝλΛม͑ͨ߹ʹ୳ࡧʹΑΓੜ͞
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Εͨ୳ࡧͷྫΛਤ 22͔Βਤ 25ʹࣔ͢ɽ

ਤ 22 C = 0.5ɼK = 1.4ͱ C ͷΛσϑΥϧτΑΓখͨ͘͞͠߹ͷྫͰ͋Δɽ

C ͷΛখ͘͢͞Δͱ UCB1ʹ͓͚Δظʹॏ͖Λஔ͘͜ͱͳΔɽΑͬͯਤʹ͋Δ

Α͏ʹɼظ͕େ͖͍અ Aʹରͯ͠ΑΓॏతʹ୳ߦ͕ࡧΘΕ͘͢ͳΔɽ

ਤ 23 C = 2.0ɼK = 1.4ͱ C ͷΛσϑΥϧτΑΓେ͖ͨ͘͠߹ͷྫͰ͋Δɽ

C ͷΛେ͖͘͢Δͱɼઌఔͱٯʹ UCB1ʹ͓͚ΔόΠΞεʹॏ͖Λஔ͘͜ͱʹͳ

Δɽ͜ͷ͜ͱ͔Βɼਤʹ͋ΔΑ͏ʹީิखʹରԠ͢Δࠜઅͷࢠઅ͍ͣΕฏۉతʹ

୳ߦ͕ࡧΘΕ͘͢ͳΔɽਤ 21 ͱൺֱ͢Δͱɼઅ A ͔ΒߦΘΕΔϓϨΠΞτ͕

Δ͜ͱ͕֬ೝͰ͖Δɽ·ͨઅ͍ͯͬݮ BࢠઅΛͨ࣋ͳ͍͜ͱ͔Βɼઅ B͔Β࢝

·ΔϓϨΠΞτ͍ͯͬݮΔ͜ͱ֬ೝͰ͖Δɽ͜ΕόΠΞεʹॏ͖Λஔ͍ͨ͜ͱ

Ͱɼଞͷީิखʹରͯ͠ϓϨΠΞτ͕ߦΘΕͨ͜ͱ͕ཁҼͱͯ͑͠ߟΒΕΔɽ

ਤ 24 C = 1.0ɼK = 1.1ͱ K ͷΛσϑΥϧτΑΓখͨ͘͞͠߹ͷྫͰ͋Δɽ

K ͷΛখ͘͢͞ΔͱɼީิखΛՃ͢Δᮢ͕খ͘͞ͳΓީิखΛΑΓଟ͘औΔ͜ͱ

ʹͳΔɽΑͬͯਤʹ͋ΔΑ͏ʹɼࠜઅͷࢠઅͷ͕ଟ͘ͳΓ͘͢ͳΔɽਤ 21ͱൺ

ֱ͢Δͱɼࠜઅͷࢠઅͷ͕૿͍͑ͯΔ͜ͱ͕֬ೝͰ͖Δɽ·ͨɼઅ AҎ֎ͷઅ

ʹରͯ͠ϓϨΠΞτΛฏۉతʹ͍ͯͬߦΔ͜ͱ͕֬ೝͰ͖Δɽ͜Εɼީิखͷ͕

૿͑ͨ͜ͱʹΑΓɼ͘ಡΉΑ͏ʹͳͬͨ͜ͱ͕ཁҼͱͯ͑͠ߟΒΕΔɽ

ਤ 24 C = 1.0ɼK = 2.8ͱ K ͷΛσϑΥϧτΑΓେ͖ͨ͘͠߹ͷྫͰ͋Δɽ

K ͷΛେ͖͘͢Δͱɼઌ΄ͲͱରʹީิखΛՃ͢Δᮢ͕େ͖͘ͳΓީิखͷ

͕গͳ͘ͳΔɽΑͬͯਤʹ͋ΔΑ͏ʹɼࠜઅͷࢠઅͷ͕গͳ͘ͳΓ͘͢ͳΔɽ

Ҏ্ͷྫ͔ΒɼಉҰہ໘ʹ͓͍ͯɼύϥϝλ C ͱK ͷΛม͑Δ͜ͱͰੜ͞Ε

Δ୳ࡧͷ͕ҟͳΔ͜ͱ͕Θ͔ΔɽఏҊख๏Ͱ͜ͷੑ࣭Λར༻͢Δɽ

ਤ 20 ୳ࡧରͷہ໘ʢࠇͷख൪ʣ
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ਤ 21 C = 1.0, K = 1.4 (σϑΥϧτ)Ͱ͋Δͱ͖ʹੜ͞Εͨ୳ࡧͷྫ

ਤ 22 C = 0.5, K = 1.4Ͱ͋Δͱ͖ʹੜ͞Εͨ୳ࡧͷྫ
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ਤ 23 C = 2.0, K = 1.4Ͱ͋Δͱ͖ʹੜ͞Εͨ୳ࡧͷྫ

ਤ 24 C= 1.0, K = 1.1Ͱ͋Δͱ͖ʹੜ͞Εͨ୳ࡧͷྫ
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ਤ 25 C = 1.0, K = 2.8Ͱ͋Δͱ͖ʹੜ͞Εͨ୳ࡧͷྫ
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5.4 ݧ࣮ 3ͷ֓ཁ

ఏҊͨ͠༧ଌಡΈΛ storm-ponderʹ࣮ͨ͠߹ʹɼదͳ CponderɼKponder Λ୳͢

ͨΊɼఏҊͨ͠༧ଌಡΈΞϧΰϦζϜΛ࣮ͨ͠ storm (Version 1.14.3)ͱ GNU Go 3.8

ͷରઓΛͨͬߦɽCponder  0͔Β 1.5ͷൣғɼKponder .1.1͔Β 2.0ͷൣғ͔ΒͦΕͧ

Εઃఆͨ͠ɽܭଌσϑΥϧτ Cponder=1.0ɼKponder=1.4ͷपล͔Βͨͬߦɽ·ͨɼ

͜ΕҎ߱ͰఏҊͨ͠༧ଌಡΈΞϧΰϦζϜΛ࣮ͨ͠ storm Λ storm-ponder-param

ͱද͢هΔɽ

5.4.1 9࿏൫ɼ13࿏൫Ͱͷ࣮ڥݧ

9࿏൫Ͱͷ࣮ڥݧԼهͷͱ͓ΓͰ͋Δɽ

ɾOS Ubuntu 12.04 32bit

ɾCPU Intel R⃝ CoreTM i7-7620M CPU @ 2.70GHz x 4

ɾϝϞϦ 4GB

9࿏൫Ͱͷ࣮ݧ݅Լهͷͱ͓ΓͰ͋Δɽ

ɾ தࠃϧʔϧɼίϛ 7Ͱ ൪ࠇʢہ500 ɼന൪ہ250 ʣہ250

ɾ storm-ponder-param ͷख൪࣌ͷϓϨΠΞτ 500 ͱݻఆɼ༻͢ΔεϨου

 3

ɾ GNU GoͷϨϕϧσϑΥϧτͷ 10ͱઃఆ

13࿏൫Ͱͷ࣮ڥݧԼهͷͱ͓ΓͰ͋Δɽ

ɾOS Ubuntu 12.04 64bit

ɾCPU Intel R⃝ Xeon(R) CPU E5430 @ 2.66GHz x 8

ɾϝϞϦ 8GB

13࿏൫Ͱͷ࣮ݧ݅Լهͷͱ͓ΓͰ͋Δɽ

ɾ தࠃϧʔϧɼίϛ 7Ͱ ൪ࠇʢہ500 ɼന൪ہ250 ʣہ250

ɾ storm-ponder-param ͷख൪࣌ͷϓϨΠΞτ 3,000 ͱݻఆɼ༻͢ΔεϨου

 6

ɾ GNU GoͷϨϕϧσϑΥϧτͷ 10ͱઃఆ
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5.4.2 ݧ࣮ 3ͷ݁Ռͱߟ

9࿏൫Ͱͷ࣮݁ݧՌΛද 7ʹࣔ͢ɽ͜ͷදͷ֤ཝʹ 3ͭͷ͕͞هΕ͓ͯΓɼ্ஈ

 storm-ponder-param ͷউɼதஈʹ܁Γӽͨ͠ฏۉϓϨΠΞτɼԼஈʹ܁

Γӽ͕ͨ֬͠͞هΕ͍ͯΔɽ͜͜Ͱɼ܁Γӽͨ֬͠ͱ༧ଌಡΈΛͨͬߦճʹର͠

ͯɼ༧ଌಡΈ࣌ʹ૬खͷணखΛ 1ճҎ্୳ׂ͍ͨͯ͠ࡧ߹ͷ͜ͱͰ͋Δɽ

ද 7ΑΓɼCponder ͷ͕ 1.1ҎԼͰɼͦͷΛখ͘͢͞Δͱ܁Γӽͨ͠ฏۉϓϨΠ

Ξτ͕૿Ճ͠ɼউݮগ͍ͯ͠Δݟ͕ΒΕΔɽ·ͨɼKponder ͷΛେ͖͘͢

Δͱɼ܁Γӽͨ͠ฏۉϓϨΠΞτ͕૿Ճ͢ΔҰํͰɼ܁Γӽͨ֬͠ݮগ͢Δ

ΒΕΔɽݟ͕

ද 7͔ΒɼCponder = 1.1Ͱ Kponder = 1.4ͷͱ͖উ͕࠷େͱͳ͍ͬͯΔ͜ͱ͕Θ͔

Δɽͳ͓ɼσϑΥϧτ (Cponder = 1.0ͰKponder = 1.4) ͱͷউࠩͷݕఆʹΑΓٻ·

Δ p  0.158 Ͱ͋Γɼ༗ҙਫ४ 5% Ͱ༗ҙࠩೝΊΒΕͳ͔ͬͨɽ͔͠͠ɼσϑΥϧ

τͰͷউͷ 56.2% ͱൺֱ͢ΔͱɼCponder = 1.1 Ͱ Kponder = 1.4 ͷͱ͖ͷউ͕

60.6%Λऔ͍ͬͯΔ͜ͱ͔Βɼ͜ͷύϥϝλͷपลΛΑΓௐࠪ͢Δ͜ͱʹΑΓɼ͕ྗع

ΒΕΔɽ·ͨɼ͜ͷύϥϝλͷΈ߹Θͤ͑ߟಘΔͱ্͠ K ͷख൪࣌ͱಉ͡

Ͱ͋Δ͕ɼC ͷΛσϑΥϧτͷ 1.0͔Βएׯେ͖ͨ͘͠ͷͰ͋Γɼิީ͘खΛ୳

ΒΕΔɽ͑ߟΔ͜ͱ͕༗ޮͰ͋Δ͜ͱΛ͍ࣔࠦͯ͠Δͱ͢ࡧ

13࿏൫Ͱͷ࣮݁ݧՌΛද 8ʹࣔ͢ɽ֤ཝද 7ͱಉ༷ͳ߲Ͱߏ͞Ε͍ͯΔɽද 8

ΑΓɼCponder ͷ͕ 1.3ҎԼͰɼͦͷΛখ͘͢͞Δͱ܁Γӽͨ͠ฏۉϓϨΠΞτ

͕૿Ճ͠ɼউݮগ͍ͯ͠Δݟ͕ΒΕΔɽ·ͨɼKponder ͷΛେ͖͘͢Δͱɼ

Βݟ͕গ͢ΔݮΓӽͨ֬͠܁ϓϨΠΞτ͕૿Ճ͢ΔҰํͰɼۉΓӽͨ͠ฏ܁

ΕΔɽ

ද 8͔ΒɼCponder = 1.3Ͱ Kponder = 1.4ͷͱ͖উ͕࠷େͱͳ͍ͬͯΔ͜ͱ͕Θ͔

ΔɽσϑΥϧτ (Cponder = 1.0ͰKponder = 1.4) ͱͷউࠩͷݕఆʹΑΓٻ·Δ p

 0.0398Ͱ͋Γɼ༗ҙਫ४ 5%Ͱ༗ҙʹ͘ڧͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽ͜ͷύϥϝλ

ɼK ͷख൪࣌ͱಉ͡Ͱ͋Δ͕ɼC ͷΛσϑΥϧτͷ 1.0͔Β 1.3ͱେ͖ͨ͘͠

ͷͰ͋Δɽ͜ΕΑΓɼ༧ଌಡΈͰิީ͘खΛ୳͢ࡧΔ͜ͱ͕༗ޮͰ͋ͬͨͱ͑ߟΒ

ΕΔɽ·ͨɼCponder = 1.3Ͱ Kponder = 1.4ͷ߹ͱσϑΥϧτͷ߹ͱͷ܁Γӽ͠

ͨฏۉϓϨΠΞτͱ܁Γӽͨ֬͠Λൺֱͯ͋͠·ΓมԽ͕ͳ͍͜ͱ͕Θ͔Δɽ͜

ͷ͜ͱ͔Βɼ܁Γӽͨ͠ฏۉϓϨΠΞτͱ܁Γӽ͔ͨ֬͠Βɼউ্͕ͨ͠ཁ

ҼΛઆ໌͢Δ͜ͱ͕Ͱ͖ͳ͍͜ͱ͕Θ͔ͬͨɽউ্͕ͨ͠ཁҼΛઆ໌͢ΔͨΊʹɼ

߹ͱͰબͨ͠ணख͕ͲͷΑ͏ʹมԽͨͬ͢ߦΘͳ͔ͬͨ߹ͱߦ໘ຖʹ༧ଌಡΈΛہ
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Δ͔ͳͲΛৄࡉʹղੳ͢Δඞཁ͕͋Δͱ͑ߟΒΕΔɽ

9࿏൫ͱ 13࿏൫྆ํʹ͓͍ͯɼCponder = 0ͰKponder = 1.4ͷͱ͖ʹ܁Γӽͨ͠ฏۉ

ϓϨΠΞτ͕࠷େͱͳ͍ͬͯΔɽ͔͠͠ɼউ࠷େͱͳ͍ͬͯͳ͍ɽ͜Εͻͱͭ

ͷணखʹީิखΛߜΔ͜ͱʹΑΓɼ࣮ࡍͷ૬खͷணखΛಡΜͰ͍ͨ߹ʹ܁Γӽ͞ΕΔ

ϓϨΠΞτ͕ଟ͘ͳΔɽҰํͰɼखΛ͘୳͠ࡧͳ͍ͨΊɼ܁Γӽ͕ͨ֬͘͠ɼ

ϓϨΠΞτ͕܁Γӽ͞ΕΔ߹͕ଞͷͱൺͯগͳ͍͜ͱ͕ݪҼͩͱ͑ߟΒΕΔɽ

·ͨɼCponder = 1.1 Ͱ Kponder = 1.4 ͷͱ͖ 13 ࿏൫Ͱউ͕࠷େͰ͋ΓɼσϑΥ

ϧτͷ߹ͱ͕͕ࠩ͋ͬͨ 9࿏൫ͰউσϑΥϧτͷ߹ͱ͋·Γ͕ࠩͳ͍͜ͱ

͕Θ͔Δɽ͜ͷ͜ͱ͔Βɼ൫ͷେ͖͞ʹΑΓɼύϥϝλͷม͑Δඞཁ͕͋Δͱ͑ߟΒ

ΕΔɽ

ද 7 9 ࿏൫ʹ͓͚Δରઓ݁Ռɽ֤ཝͷ্ஈউɼதஈ܁Γӽͨ͠ฏۉϓϨΠΞτ

ɼԼஈ܁Γӽͨ֬͠Λ͍ͯ͠هΔɽ

!!!!!!!!!!Cponder

Kponder
1.1 1.2 1.3 1.4 1.5 1.6 1.7 2.0

0.0
ɹ

53.6%
1,814
81.2%

0.5
ɹ

55.6%
1,380
80.5%

1.0
ɹ

57.8%
1,206
85.3%

56.0%
1,257
82.8%

56.2%
1,327
80.4%

58.0%
1,308
77.2%

59.2%
1,368
76.2%

59.0%
1,375
74.1%

53.4%
1,529
71.6%

1.1
ɹ

55.2%
1,169
86.0%

59.2%
1,235
82.9%

60.6%
1,286
80.5%

58.6%
1,308
77.6%

1.2
ɹ

52.8%
1,380
80.1%

1.5
ɹ

52.0%
891

89.5%
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ද 8 13࿏൫ʹ͓͚Δରઓ݁Ռɽ֤ཝͷ্ஈউɼதஈ܁Γӽͨ͠ฏۉϓϨΠΞτ

ɼԼஈ܁Γӽͨ֬͠Λ͍ͯ͠هΔɽ
!!!!!!!!!!Cponder

Kponder
1.2 1.3 1.4 1.5

0.0
ɹ

53.8%
1,368
71.4%

1.0
ɹ

56.2%
946

77.8%

53.2%
1,046
74.5%

55.6%
1,063
71.3%

1.1
ɹ

58.6%
994

73.4%

56.6%
1,035
71.4%

57.4%
1,186
69.5%

1.2
ɹ

56.4%
911

73.9%

58.2%
1,033
71.7%

57.6%
1,141
69.9%

1.3
ɹ

53.8%
932

74.0%

62.0%
996

71.5%

58.8%
1045
69.1%

1.4
ɹ

52.0%
990

71.6%

5.5 ݧ࣮ 4ͷ֓ཁ

ݧ࣮ 3Ͱͷ 13࿏൫ʹ͓͍ͯ࠷উ͕͔ͨͬߴύϥϝλ Cponder = 1.1Ͱ Kponder =

1.4Λ 19࿏൫Ͱ༻ͨ͠߹Ͱ༗ޮ͔ௐΔͨΊʹରݧ࣮ہΛͨͬߦɽ

5.5.1 19࿏൫Ͱͷ࣮ڥݧ

19࿏൫Ͱͷ࣮ڥݧԼهͷͱ͓ΓͰ͋Δɽ

ɾOS Ubuntu 14.04 64bit

ɾCPU Intel R⃝ Xeon(R) CPU E5430 @ 2.66GHz x 8

ɾϝϞϦ 8GB
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19࿏൫Ͱͷ࣮ݧ݅Լهͷͱ͓ΓͰ͋Δɽ

ɾ தࠃϧʔϧɼίϛ 7Ͱ ൪ࠇʢہ200 ɼന൪ہ100 ʣہ100

ɾ storm-ponder-param ͷख൪࣌ͷϓϨΠΞτ 7,000 ͱݻఆɽ༻͢ΔεϨου

 6ɼࣜ (1) ʹ͓͚Δ C  1.0ɼࣜ (12) ʹ͓͚ΔK  1.4ͱઃఆ͠ɼCponder = 1.3

ͱ͠Kponder = 1.4ͱઃఆ

ɾ GNU GoͷϨϕϧ 0ͱઃఆ

ɾ GNU Goͷணख 2ඵܦա͢Δ·ͰணखΛฦ͞ͳ͍Α͏ʹઃఆ

5.5.2 ݧ࣮ 4ͷ݁Ռͱߟ

ՌΛද݁ݧ࣮ 9ʹࣔ͢ɽ࣮ݧ 2ͷ݁Ռͱൺֱ͢Δͱɼରہ͕ҟͳΔ͕ storm-ponder

ͱಉ͡ఔͷউ͕ಘΒΕ͍ͯΔ͜ͱ͕Θ͔ΔɽͦͷݪҼͱͯ͠ɼද Γ܁Δ͍ͯ͠هʹ9

ӽͨ͠ϓϨΠΞτͷׂ߹͕͍͜ͱ͕͛ڍΒΕΔɽ͜ͱͷ͜ͱ͔Βɼ19࿏൫Ͱ܁

Γӽͨ͠ϓϨΠΞτͷׂ߹ΛߴΊΔΑ͏ʹ Kponder ͷΛେ͖Ίʹઃఆ͢Δඞཁ͕

͋Δͱ͑ߟΒΕΔɽ

ද 9 ݧ࣮ 4ͷ࣮݁ݧՌ

storm-ponder-paramͷউ ߹Γӽͨ͠ϓϨΠΞτͷׂ܁ Γӽͨ֬͠܁

48.5% 11.7% 65.4%

5.6 ݧ࣮ 5ͷ֓ཁ

ғޟϓϩάϥϜΛมͨ͠ߋͱ͖ʹɼࣗݾରઓͷউΛܭଌ͠ɼͦͷউʹΑΓมߋΛద

༻͢Δ͜ͱͰ্͔͕ͨ͠ྗعධՁ͢Δ͜ͱ͕͑ߟΒΕΔɽ͔͠͠ɼࣗݾରઓͷউͷΈ

Ͱมߋͷྑ͠ѱ͠ΛධՁ͢Δ͜ͱ͋·ΓߦΘΕ͍ͯͳ͍ [12]ɽͦͷมݾ͕ࣗߋରઓͷ

Έʹ༗ޮͳมߋͰ͋Δ߹͕͑ߟΒΕΔ͔ΒͰ͋Δɽͭ·ΓɼมߋʹΑΓࣗݾରઓͷউ

͕ྑ͍߹Ͱ͋ͬͯɼଞͷϓϩάϥϜͱͷউͷมಈ͕ݟΒΕͳ͍͜ͱɼมߋલΑΓ

ѱ͘ͳͬͯ͠·͏߹͋Δɽ͜ͷ͜ͱ͔ΒɼউʹΑΓมߋͷྑ͠ѱ͠ΛධՁ͢Δʹ

ɼରઓ͢ΔϓϩάϥϜͷΛ૿ͨ͠ํ͕ྑ͍ͱ͑ߟΒΕΔɽ͔͠͠ɼରઓͷΈ߹Θ

ͤͳͲͷཧΛ͢Δඞཁ͕͋Δ͜ͱͳͲ͔ΒɼϓϩάϥϜͷΛ૿࣮͠ݧର͢ہΔ͜ͱ

༰қͰͳ͍ɽ

CGOS (Computer Go Server)1্هͷΛղܾͯ͘͠ΕΔαʔϏεͰ͋Δɽ۩ମ
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తʹɼ͜ͷαʔϏείϯϐϡʔλғޟϓϩάϥϜಉ࢜ͷΈରہΛ͏ߦαʔόΛఏ͠ڙ

͍ͯΔɽғޟϓϩάϥϜͷ։ൃऀ CGOSͷWebϖʔδͰ͞Ε͍ͯΔΫϥΠΞϯτ

ϓϩάϥϜΛ༻ͯ͠ғޟϓϩάϥϜΛαʔόʹଓ͢Δ͚ͩͰɼࣗಈతʹαʔόʹଓ

͍ͯ͠ΔϓϩάϥϜͱͷରہΛ͑ߦΔɽରߦ͕ہΘΕΔ͝ͱʹଓͨ͠ϓϩάϥϜͷ Elo

ϨʔςΟϯά͕มಈ͠ɼͦ ͷʹΑΓमਖ਼લΑΓྑ͘ͳ͍ͬͯΔ͔அ͢Δ͜ͱ͕Ͱ͖Δɽ

ຊ࣮ݧͰɼύϥϝλ Cponder = 1.1ͱ Kponder = 1.4Λ༻͍ͨ storm-ponder-param

ͱ storm͕ͲͷఔͷϨʔςΟϯάࠩΛ͔ͭ࣋ɼCGOSΛ༻ͯ͠ 13࿏൫ͷରہΛͬߦ

ͨɽ

5.6.1 ϓϩάϥϜͷಈڥ࡞

ϓϩάϥϜͷಈڥ࡞Լهͷͱ͓ΓͰ͋Δɽ

ɾOS Ubuntu 12.04 64bit

ɾCPU Intel R⃝ Xeon(R) CPU E5430 @ 2.66GHz x 8

ɾϝϞϦ 8GB

ϓϩάϥϜͷઃఆԼهͷͱ͓ΓͰ͋Δɽ

ɾ storm ͱ storm-ponder-param ͷख൪࣌ͷϓϨΠΞτ 3,000 ͱݻఆɽ༻͢

ΔεϨου 3ɼࣜ (1) ʹ͓͚Δ C  1.0ɼࣜ (12) ʹ͓͚Δ K  1.4 ͱઃఆ͠ɼ

Cponder = 1.3ͱ͠Kponder = 1.4ͱઃఆ

CGOSͷ 13࿏൫Ͱͷରہதࠃϧʔϧɼίϛ 7ͰߦΘΕΔɽ

5.6.2 ݧ࣮ 5ͷ݁Ռͱߟ

ՌΛද݁ݧ࣮ 10ʹࣔ͢ɽදΑΓɼstorm-ponder-paramͷ EloϨʔςΟϯά storm

ΑΓ 100Ҏ্େ͖͍͜ͱ͕Θ͔Δɽ͜ΕΑΓɼదͳύϥϝλΛઃఆͨ͠༧ଌಡΈΛ͏ߦ

͜ͱͰɼ্͍͕ͯ͠ྗعΔͱ͑ߟΒΔɽ·ͨɼ2ͭͷϓϩάϥϜͷ EloϨʔςΟϯάࠩ

͕ 100͋ΔͱɼEloϨʔςΟϯά͕େ͖͍ํ͕খ͍͞ํʹରͯ͠ͷউ͕͓Αͦ 64%Ͱ

͋Δ͜ͱҙຯ͍ͯ͠Δɽ͜Ε࣮ݧ 1ͷࣗݾରઓͷ݁Ռͱ͓ΑͦҰக͢Δ݁Ռ͕ಘΒΕ

͍ͯΔͱ͑ߟΒΕΔɽ

EloϨʔςΟϯά্͕ҐͷରઓϓϩάϥϜͷফඅؒ࣌ͱউഊͷؔΛද 11ʹࣔ͢ɽද

ʹ͓͍ͯɼ1ख͋ͨΓͷฏۉফඅؒ࣌ storm-ponder-paramͱͷରઓ࣌ͷͷΛͯ͠ه

1 http://cgos.boardspace.net/
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͍Δɽද͔Β 1ख͋ͨΓͷฏۉফඅ͕ؒ࣌ 1ඵۙͰ͋Δ mogoRel3 10kʹରͯ͠ͷͦ

ΕͧΕͷউ͋·Γ͔ΘΒͳ͍͜ͱ͕Θ͔Δɽ͜Ε૬खͷফඅ͕ؒ࣌গͳ͔ͬͨͨΊ

ʹɼ༧ଌಡΈΛेʹ͑ߦͳ͔ͬͨ͜ͱ͕ཁҼͱͯ͑͠ߟΒΕΔɽҰํͰɼ2ඵۙͰ͋

ΔϓϩάϥϜʹରͯ͠ͷ storm-ponder-paramͷউ stormʹൺ্͍ͯͯ͠Δ

߹͕ଟ͍͜ͱ͕Θ͔Δɽྫ͑ɼpachi10 Pat 10kʹରͯ͠ɼstormͷউ 0.00%Ͱ͋

Δ͕ɼstorm-ponder-param 41.2%·Ͱ্͍ͯ͠Δɽ͜Εɼ૬खͷฏۉফඅ͕ؒ࣌

ଟ͘ेʹ༧ଌಡΈ͕ͨ͑͜ߦͱ͕ཁҼͱͯ͑͠ߟΒΕΔɽ

ද 10 ݧ࣮ 5ͷ࣮݁ݧՌ

ϓϩάϥϜ໊ EloϨʔςΟϯά ରہ

storm-ponder-param 1708 472

storm 1602 463

ද 11 ݧ࣮ 5ʹ͓͚Δ EloϨʔςΟϯά্ҐͷରઓϓϩάϥϜͷফඅؒ࣌ͱউഊͷؔ

ରઓϓϩάϥϜ໊
1ख͋ͨΓͷ
ฏۉফඅؒ࣌ [s]

storm-ponder-paramͷ
উͪ / ɼউ߹ࢼ

stormͷ
উͪ / ɼউ߹ࢼ

Valkyria3.5.19 4t 3.53 2/ 40ɼ5.00% 0 / 25ɼ0.00%

fuego1604 20k 1.93 0 / 20ɼ0.00% 0 / 11ɼ0.00%

Aya781c 1k 1.63 1 / 53ɼ1.89% 3 / 47ɼ6.38%

Valkyria3.5.19 4k 2.79 5/ 30ɼ16.7% 3 / 23ɼ13.0%

pachi10 Pat 10k 2.19 7 / 17ɼ41.2% 0 / 19ɼ0.00%

mogoRel3 10k 1.01 2 / 19ɼ10.5% 2/ 14ɼ14.29%

Gnugo-3.7.10-a1 1.93 36 / 66ɼ54.6% 23 / 48ɼ47.9%

5.7 ·ͱΊ

͡ΊʹύϥϝλௐʹΑΔ༧ଌಡΈͷڧԽํ๏ΛఏҊͨ͠ɽ࣮ݧ 3ͰɼఏҊͨ͠ڧ

Խํ๏Λ stormʹ࣮͠ɼGNU GoͱͷରہΛͨͬߦɽύϥϝλͷΈ߹ΘͤΛෳ

ɼGNU͠ࢼ Goʹର͢Δউ܁Γӽͨ͠ฏۉϓϨΠΞτɼ܁Γӽͨ֬͠Λܭଌ
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ͨ͠ɽͦͷ݁Ռɼ13࿏൫Ͱউ্͕͢Δ͜ͱ͕Θ͔͕ͬͨɼͦͷཁҼΛ܁Γӽͨ͠ฏ

Γӽ͔ͨ֬͠Βઆ໌͢Δ͜ͱ͕Ͱ͖ͳ͍͜ͱΘ͔ͬͨɽ܁ϓϨΠΞτͱۉ

ݧ࣮ 4Ͱɼ࣮ݧ 3ʹ͓͍ͯউ͕࠷େͱͳͬͨύϥϝλΛ༻͍ͯɼ19࿏൫Ͱ GNU

GoͱͷରہΛͨͬߦɽͦͷ݁ՌɼಘΒΕͨউύϥϝλ͕σϑΥϧτͷͰ͋ͬͨ

߹ͱಉఔͷউ͕ಘΒΕΔ͜ͱ͕֬ೝ͞Εͨɽ܁Γӽͨ͠ϓϨΠΞτͷׂ߹͕

13࿏൫ͷ߹ʹରͯ͘͠ɼύϥϝλΛมͯ͠ߋ༧ଌಡΈʹɹΑΓಘΒΕΔޮՌ

มΘΒͳ͔ͬͨ͜ͱ͕ཁҼͱͯ͑͠ߟΒΕΔɽ

ݧ࣮ 5ͰɼCGOSʹ stormͱ storm-ponder-paramΛͦΕͧΕଓ͠ɼGNU GoҎ

֎ͱͷରઓͨͬߦɽstorm-ponder-paramͷύϥϝλ࣮ݧ 3ʹ͓͍ͯউ͕࠷େͱ

ͳͬͨύϥϝλΛ༻͍ͨɽ400Ҏ্ͷରہΛ݁ͨͬߦՌɼstorm-ponder-paramͷ Elo

ϨʔςΟϯά storm ͱൺֱͯ͠ 100 Ҏ্্͍ͯ͠Δ͜ͱ͕֬ೝ͞Εͨɽ͜Ε͔Βɼ

GNU GoҎ֎ͷғޟϓϩάϥϜʹର্͍͕ͯͯ͠͠ྗعΔ͜ͱ͕֬ೝͰ͖ͨɽ
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ୈ 6ষ ݁
ຊߘͰɼ·ͣଜদࣨڀݚͰ։ൃ͞Ε͍ͯΔғޟϓϩάϥϜ storm ʹҰൠతͳ༧ଌಡ

ΈΛ࣮͠ɼ্͕͢ྗعΔ͜ͱΛ֬ೝͨ͠ɽ࣍ʹɼ୳ࡧύϥϝλΛม͑ͯ͏ߦ༧ଌಡΈ

ͷڧԽํ๏ΛఏҊ͠ɼύϥϝλͷʹΑ͕ͬͯྗعͲͷΑ͏ʹมԽ͢Δ͔Λࣔͨ͠ɽ

༧ଌಡΈ࣌ͷύϥϝλͷઃఆʹΑΓɼ܁Γӽͨ͠ฏۉϓϨΠΞτ܁Γӽͨ͠ϓϨ

ΠΞτͷׂ߹͕େ͖͘มಈ͢Δ͜ͱ͕֬ೝ͞Εɼྗعมಈ͢Δ͜ͱ͕৽ͨʹΘ͔ͬ

ͨɽ13࿏൫ͰύϥϝλΛखΛ͘ಡΉΑ͏ʹదʹઃఆ͢Δ͜ͱͰɼඪ४తͳ༧ଌಡ

ΈΛ͏ߦ߹ΑΓ͘ڧͳΔ͜ͱΛࣔͨ͠ɽ·ͨɼ൫ͷେ͖͞ʹΑΓదͳύϥϝλΛઃ

ఆ͢Δඞཁ͕͋Δ͜ͱΛࣔͨ͠ɽCGOS Λ༻͍࣮ͨݧͰɼదʹઃఆͨ͠ύϥϝλΛ

༻͍ͨ༧ଌಡΈΛ࣮͢Δ͜ͱͰɼ༧ଌಡΈΛߦΘͳ͍ϓϩάϥϜΑΓ EloϨʔςΟϯά

͕ 100Ҏ্্͢Δ͜ͱΛ֬ೝͨ͠ɽ

ຊߘͰࢼΈͨύϥϝλʹΑΔ༧ଌಡΈͷڧԽํ๏Ͳͷہ໘Ͱઃఆͨ͠ಉҰͷύϥϝ

λΛ༻͍ΔͷͰ͋ͬͨɽ͔͠͠ɼॏతʹ͋ΔணखΛ୳͢ࡧΔඞཁ͕͋Δہ໘ީ͘

ิखΛಡΉඞཁ͕͋Δہ໘͕ͦΕͧΕଘ͢ࡏΔͱ͑ߟΒΕΔɽͦ͜Ͱɼޙࠓͷ՝ͱͯ͠

ہ໘ຖʹదͳύϥϝλΛ୳ࡧใΛ༻͍ͯࣄલʹઃఆ͢Δ͜ͱ͕͛ڍΒΕΔɽ
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 Aɹғޠ༺ޟ
ҎԼʹՕॻ͖ͰɼຊߘͰѻ͏ғޟʹ͓͚Δ༻ޠΛઆ໌͢Δɽ

ੴࠇ ғޟʹ༻͍ΒΕΔࠇ৭ͷੴͷ͜ͱɽ

൪ࠇ ൫໘ʹࠇੴΛணख͢ΔϓϨΠϠͷ͜ͱɽ

໘ہ ൫໘ͷঢ়ଶͷ͜ͱɽ

ί ಉܕ෮Λ͢ࢭېΔͨΊʹ͙ʹऔΓฦ͢͜ͱ͕Ͱ͖ͳ͍ੴͷঢ়گͷ͜ͱɽ

߹๏ख ணखબΛہ͏ߦ໘ʹ͓͍ͯɼଧͭ͜ͱ͕Ͱ͖Δணखͷ͜ͱɽ

ίϛ ήʔϜ։࢝લʹ༩͑ΔϋϯσΩϟοϓͷ͜ͱɽউഊఆ࣌ʹՃ͞ࢉΕΔɽҰൠͷର

൪ന൪ʹରͯ͠ίϛΛग़͢ɽࠇ൪͕༗རͰ͋Δ͜ͱ͔ΒɼࠇͰہ

ͷ ಉҰ৭ͷੴͰғ·Εͨަͷͷ͜ͱɽ

നੴ ғޟʹ༻͍ΒΕΔന৭ͷੴͷ͜ͱɽ

ന൪ ൫໘ʹനੴΛணख͢ΔϓϨΠϠͷ͜ͱɽ

ऴہ ൪ͱന൪ͷϓϨΠϠ͕ͲͪΒύεͨ͠ͱ͖ͷήʔϜঢ়ଶͷ͜ͱɽࠇ

ରہ ғޟͷରઓͷ͜ͱɽ

ணख ൫໘ʹඳ͔Ε͍ͯΔઢͷަ্ʹޟੴΛஔ͘͜ͱɽ

ख ணखͷ͜ͱɽ

ख൪ ணख͢Δଆͷࠇ൪·ͨന൪ͷ͜ͱɽ

൫໘ ғޟʹ༻͍ΒΕΔ൫ʹ͓͍ͯɼੴ͕ஔ͔ΕΔ໘ͷ͜ͱɽ
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ँࣙ
ຊڀݚΛਐΊΔʹ͋ͨͬͯɼଟ͘ͷํʹ͓ੈʹͳΓ·ͨ͠ɽ

ଜদਖ਼ڭतʹదͳॿݴ͝ࢦఠΛଟ͍͖ͨͩ͘·ͨ͠ɽ·ͨɼଜদࣨڀݚͷֶੜ

ͷօ༷ʹଟʑॿ͚͍͖ͯͨͩ·ͨ͠ɽօ༷ʹਂ͍ͨ͘͠ँײ·͢ɽ

ฏ 27 1݄ 30
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