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ҟछϓϩάϥϜؒʹ͓͚Δָ؍߹ٞʹ͍ͭͯ

஛಺ ੟1ޛ,a)

֓ཁɿকع΍ғޟʹ͓͍ͯɼଟ਺ܾͳͲͷෳ਺ϓϨΠϠΛͨͬ࢖߹ٞʹΑΔࢦखܾఆ͕੒ޭΛऩΊ͍ͯΔɽ
߹ٞʹ͍ͭͯͷڀݚͰ͸ɼධՁ஋͕࠷΋͍ߴखΛબ୒͢Δʮָ؍ʯ߹͕ٞଟ਺ܾΑΓ΋ྑ͍݁ՌΛಘ͍ͯ

Δɽ·ͨɼғޟʹ͓͍ͯϓϨΠϠͷଟ༷ੑ͕͍ߴνʔϜ͕͍ڧϓϨΠϠҰ͔ͭΒ࡞ΒΕΔνʔϜΑΓ΋ڧ

͘ͳΔͱ͍͏͕͋ڀݚΔɽຊڀݚͰ͸ɼ͜ΕΒͷ͖ͮجʹڀݚʮҟछָ؍߹ٞʯΛఏҊ͢Δɼ͢ͳΘͪҟ

ͳΔϓϨΠϠؒͰָ؍߹ٞΛ͏ߦख๏Ͱ͋ΔɽҟͳΔϓϨΠϠؒͰ͸ධՁؔ਺ͷεέʔϧ͕ҟͳΔͨΊɼ

୯७ͳେখൺֱͰ͸͏·͍͔͘ͳ͍ͱ༧૝͞ΕΔɽຊڀݚͰ͸ɼධՁ஋͔Βউ཰Λ༧ଌ͢Δؔ਺Λ࡞੒͠ɼ

ͦͷؔ਺Λ؍ָͨͬ࢖߹ٞɼউ཰ָ؍߹ٞΛఏҊ͢ΔɽকعϓϩάϥϜΛ༻͍࣮ͯݧΛ͍ߦɼ͍ͣΕͷ߹

ٞ΋୯ମΑΓ΋ੑೳ͕ྑ͘ͳΔ͜ͱΛ֬ೝͨ͠ɽͦͷޙɼ୯७ָ؍߹ٞͱউ཰ָ؍߹ٞʹΑΔରઓ࣮ݧΛ

ɼੑೳʹ͍ͭͯଟ਺ܾ߹ٞͱಉ౳Ҏ্ͱͳΔ͜ͱΛ֬ೝͨ͠ɽ͍ߦ

Optimistic Consultations on a Heterogeneous System

Shogo Takeuchi1,a)

Abstract: Move selection by a consultation system using multiple programs, such as majority voting system,
has been successful in shogi and game of go. There is a study that optimistic consultation that selects the
move with the highest evaluation value performed better than majority voting. Besides, there is research
that systems with high diversity become stronger than systems made from single strong program.
We propose optimistic consultation on a heterogenous system based on these studies, that is, a method to
conduct optimistic consultations among different programs. On the other hand, it is expected that simple
optimistic consultation will perform poorly, since the scale of the evaluation function differs among different
programs. In this research, we propose a winning percentage based optimistic consultation that selects the
move with the highest winning percentage calculated from the evaluation value.
We conducted tournament experiments using shogi programs and confirmed that the performance of any
consultation system improves over single program. Moreover, we confirmed that the performance of the
proposed method is equal to or greater than that of majority voting system.

1. ͸͡Ίʹ

ࡧ໘ධՁͱ୳ہ੒ʹ͸ɼ࡞ίϯϐϡʔλϓϨΠϠͷ͍ڧ

ͱ͕ॏཁͰ͋Δɽকع΍ғޟɼνΣεͷΑ͏ͳೋਓྵ࿨༗

શ৘ใήʔϜͰ͸׬ఆ֬ݶ alpha-beta୳ࡧ΍ϞϯςΧϧϩ

໦୳࢖͕ࡧΘΕ͖ͯͨɽݯࢿػࢉܭͷޮ཰తͳར༻ํ๏ͱ

ͯ͠ɼฒྻԽ΍෼ࢄฒྻԽͷߦ͕ڀݚΘΕ͍ͯΔ [8]ɽࢉܭ

͍ͨ༺ར༻ํ๏ͷҰͭͱͯ͠ɼෳ਺ͷϓϩάϥϜΛݯࢿػ

߹ٞγεςϜͱݺ͹ΕΔख๏͕͞ڀݚΕ͖ͯͨ [2]ɽ

߹ٞγεςϜͰ͸ଟ਺ܾʹΑΔख๏͕ఏҊ͞Εɼϓϩά

1 Պେֶ޻஌ߴ ৘ใֶ܈
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ϥϜ୯ମΑΓ΋͘ڧͳΔ݁Ռ͕ಘΒΕͨɽͦͷޙɼ࠷΋ධ

Ձ஋͕ࢦ͍ߴखΛબͿָ؍߹ٞͷํ͕ྑ͍ͱ͍͏࣮݁ݧՌ

͕ಘΒΕͨ [6]ɽ·ͨɼ߹ٞΛߏ੒͢ΔϓϩάϥϜͷଟ༷

ੑʹ͍ͭͯɼ͍ڧϓϩάϥϜ୯ҰͷνʔϜΛܗ੒͢ΔΑΓ

΋ɼଟ༷ੑͷ͋ΔνʔϜʹΑΔଟ਺ܾ߹ٞͷํ͕͘ڧͳΔ

݁Ռ͕ಘΒΕ͍ͯΔ [1]ɽຊڀݚͰ͸͜ΕΒʹண͠؟ɼָ؍

߹ٞΛଟ༷ੑͷ͋ΔνʔϜͰ͜͏ߦͱΛఏҊ͢Δɼैདྷͷ

ख๏ΑΓ΋ੑೳվળ͕ظ଴͞ΕΔɽ

ҰํɼҟͳΔϓϩάϥϜΛ؍ָͨͬ࢖߹ٞΛ͑ߟΔͱɼ

ධՁ஋ͷεέʔϧ͕ҟͳΔͱ୯७ͳൺֱͰ͸ద੾ͳָ͕؍

͓ʹϓϩάϥϜعΒΕΔɽྫ͑͹ɼক͑ߟͳ͍͜ͱ͕͑ߦ

͍ͯาΛ 100఺ͱධՁ͢ΔϓϩάϥϜͱ 128఺ͱධՁ͢Δ
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ϓϩάϥϜΛ͑ߟΔͱɼࣗ਎͕༏੎ͷͱ͖͸ɼา͕ 128఺

ͷϓϩάϥϜͷํ͕બ͹Ε΍͘͢ͳΔɽาʹݶΒͣධՁ߲

໨͸ଟذʹ౉ΔͨΊɼ୯७ͳൺֱ΍εέʔϦϯά͸೉͍͠

ଞɼڞ௨Ͱͳ͍ධՁ߲໨͕ଘ͢ࡏΔ৔߹ͷѻ͍΋ࣗ໌Ͱ͸

ͳ͍ɽ

ҟͳΔϓϩάϥϜؒͰධՁΛڞ௨తʹѻ͏ͨΊʹɼධՁ

஋ʹԿΒ͔ͷิਖ਼ΛՃ͑Δ͜ͱ͕ඞཁͱͳΔɽ୳ࡧͷמࢬ

Γ΍Ԇ௕ʹ͓͍ͯɼউ཰ͱධՁ஋ͷؔ܎Λར༻͕ͨ͠ڀݚ

͋Δɽ֯ޓͳہ໘ʹ͓͚Δ 100఺ࠩͱେ੎͕ܾͨ͠ہ໘ʹ

͓͚Δ 100఺ࠩͱ͕ಉ౳͔ͱ͍͏໰୊ҙࣝͷ΋ͱɼධՁ஋

͔ΒಘΒΕΔউ཰͔ΒಘΒΕΔ৘ใྔʹמࢬ͍ͯͮجΓ

΍Ԇ௕ͷ൑அΛ͏ߦख๏͕ɼ஛಺ΒʹΑͬͯఏҊ͞Ε͍ͯ

Δ [9]ɽ·ͨɼධՁؔ਺ͷֶशʹ͓͍ͯউ཰Λར༻͢Δख๏

Ε͓ͯΓɼଞʹɼSato͞ڀݚ͕ Β͸ൺֱֶशͷࡍʹɼعේ

ͷউഊͱධՁ஋ͱͷؔ܎ΛՃຯֶͯ͠शΛͨͬߦ [3]. ͜ͷ

ख๏Ͱ͸ɼγάϞΠυؔ਺Λ͍࢖ɼධՁ஋͔Βউ཰Λࢉܭ

͍ͯ͠ΔɽධՁ஋ʹର͢Δউ཰Λɼعේͷউഊ͔Βࢉܭɼ

ͦΕΛਤࣔͯ͠ಛ௃ͷධՁʹ༻͍Δ evaluation curveͱݺ

͹ΕΔख๏͕ Takeuchi ΒʹΑͬͯఏҊ͞Ε͍ͯΔ [7]ɽ͜

ͷΑ͏ʹɼϓϩάϥϜͷධՁ஋Λউ཰΁ͱม͢׵Δ͜ͱͰɼ

ҟͳΔϓϩάϥϜؒͰ΋ڞ௨ͷࢦඪͱͯ͠औΓѻ͏͜ͱ͕

Ͱ͖Δͱ͑ߟΒΕΔɽ

ຊڀݚͰ͸ɼ߹ٞγεςϜͷੑೳվળΛ໨తͱͯ͠ɼҟ

ͳΔϓϩάϥϜΛ؍ָͨͬ࢖߹ٞɼҟछָ؍߹ٞΛఏҊ͢

ΔɽϓϩάϥϜؒͰධՁ஋εέʔϧ͕ҟͳΔ৔߹ʹ໰୊͕

͋Δͱ͑ߟΒΕɼղܾͷͨΊධՁ஋͔Βউ཰Λ༧ଌ͢Δؔ

਺Λ࡞੒͠ɼͦ ΕΛར༻͢Δ͜ͱΛఏҊ͢ΔɽҎ߱ɼεέʔ

ϧΛ͏ߦʹͣ͑ߟҟछָ؍߹ٞΛʮҟछ୯७ָ؍߹ٞʯɼউ

཰Λར༻͢Δָ؍߹ٞΛʮҟछউ཰ָ؍߹ٞʯͱݺͿɽ

2. ؔ࿈ڀݚ

νʔϜΛܗ੒ͯ͠ࢦखΛબ୒͢Δख๏ͱͯ͠ଟ਺ܾ߹

ٞ [2]ɼָ؍߹ٞ [6]͕஌ΒΕ͍ͯΔɽ·ͨɼνʔϜʹࢀՃ

͢ΔϓϩάϥϜͷଟ༷ੑʹ͍ͭͯͷ͕͋ڀݚΓɼ͜ΕΒͷ

Λઆ໌͢Δɽڀݚ

ఏҊख๏Ͱ͸ධՁ஋ͱউ཰ͷؔ܎Λར༻͢Δଞɼ࣮ݧͷ

ੑೳධՁʹ͓͍ͯ΋ͦͷؔ܎Λར༻͢ΔɽධՁ஋ͱউ཰ͷ

Λද͢܎ؔ evaluation curve[7]ͱͦΕʹΑΔੑೳධՁʹͭ

͍ͯઆ໌͢Δɽ

2.1 ଟ਺ܾ߹ٞ

Obata Β͸ɼνʔϜ಺ͷଟ਺ܾʹΑͬͯ͠ࢦखΛબ୒͢

Δख๏ΛఏҊͨ͠ [2]ɽ͜ͷࡍʹɼϓϩάϥϜͷධՁ஋ʹͭ

͍ͯཚ਺ΛՃ͑Δ͜ͱͰɼಉछͰ͋Δ͕গ͠ҟͳΔϓϩά

ϥϜΛ࡞੒ͨ͠ɽ࣮݁ݧՌͰ͸ɼଟ਺ܾγεςϜ͸୯ମʹ

༗ҙʹউͪӽ݁͢ՌΛಘ͍ͯΔɽ͞ΒʹɼҟͳΔෳ਺ͷϓ

ϩάϥϜʹΑΔଟ਺ܾ΋࣮͍ͯ͠ݧΔɽ

ҎԼɼಉ͡ϓϩάϥϜʹΑΔνʔϜɼຢ͸ಉ͡ϓϩάϥ

Ϝʹཚ਺ΛՃ͑ΔͳͲͯ͠ܗ੒͢ΔνʔϜΛʮಉछʯͱݺ

ͼɼҟͳΔෳ਺ͷϓϩάϥϜ͔Βܗ੒͢ΔνʔϜΛʮҟछʯ

ͱݺͿɽ

2.2 ٞ߹؍ָ

Sugiyama Β͸Obata Βͱಉ༷ʹಉछͷϓϩάϥϜʹཚ

਺ΛՃ͑ͨνʔϜΛର৅ͱͯ͠ɼ࠷΋ධՁ஋ͷࢦ͍ߴखΛ

બͿʮָ؍ʯ߹ٞ [6]ΛఏҊͨ͠ɽ୯७ʹ͠ࢦखͷ৘ใͩ

͚Λ͏࢖ͷͰ͸ͳ͘ɼධՁ஋ͷ৘ใ΋ར༻͢Δ͜ͱͰվળ

Ͱ͖Δ͜ͱΛࣔͨ͠ɽObataΒͷଟ਺ܾ߹ٞͱಉ༷ʹಉछ

ͷϓϩάϥϜʹཚ਺ΛՃ͑ɼগͣͭ͠ҟͳΔϓϩάϥϜΛ

༻ҙ͠ɼͦΕΒͷதͰධՁ஋͕࠷΋͠ࢦ͍ߴखΛ࠾༻͢Δ

ͱ͍͏γεςϜͰ͋Δɽ࣮ݧͰ͸ɼָ؍߹ٞ͸ଟ਺ܾ߹ٞ

ΑΓ΋ྑ͍݁ՌΛಘͨɽ

2.3 ߹ٞʹର͢Δଟ༷ੑͷӨڹ

ObataΒͷ࣮ݧʹ͓͍ͯɼಉछͷϓϩάϥϜ͚ͩΛ͏࢖

ͷͰ͸ͳ͘ɼҟͳΔϓϩάϥϜΛͨͬ࢖ଟ਺ܾ߹ٞ΋͞ࢼ

Ε͓ͯΓɼಉछͷϓϩάϥϜΛ༻͍ΔΑΓ΋ྑ͍݁Ռ͕ಘ

ΒΕ͍ͯΔ [2]ɽ

·ͨɼMarcolino Β͸͍ڧϓϨΠϠʹΑΔ߹ٞΑΓ΋ଟ

গऑͯ͘΋ଟ༷ੑͷ͋ΔνʔϜʹΑΔ߹ٞͷํ͕͘ڧͳΔ

͜ͱΛғޟϓϩάϥϜΛ୊ࡐͱ͍ͯࣔͯ͠͠Δ [1]ɽ࣮ݧ

Ͱ͸ɼ4ͭͷҟͳΔϓϩάϥϜͱɼͦͷதͰ࠷΋͍ڧϓϩ

άϥϜ Fuego ͷόϦΤʔγϣϯ 2ͭͷܭ 6ϓϩάϥϜΛ༻

͍ͨɽݯࢿػࢉܭΛ 4·ͨ͸ 6ར༻͢ΔࡍʹɼFuego ͚ͩ

ͰνʔϜΛ࡞Δ৔߹, ฒྻ୳ࡧΛͨͬߦ৔߹ɼҟͳΔϓϩ

άϥϜͰνʔϜΛ࡞Δ৔߹ͱͰରઓ࣮ݧΛͨͬߦɽFuego

͸ϞϯςΧϧϩ໦୳ࡧΛͨ͏ߦΊɼಉ͡ϓϩάϥϜΛෳ਺

༻ҙͯ͠΋ͦΕͧΕҟͳΔ݁ՌΛग़͢͜ͱ͕͋Δɽ·ͨɼ

νʔϜͰͷࢦखܾఆ͸ଟ਺ܾ߹ٞΛ͍ͯͬߦΔɽ݁Ռͱ͠

ͯɼ4ͭͷ৔߹͸ଟ༷ੑͷ͋ΔνʔϜ͕ Fuego͚ͩͷνʔ

ϜΑΓ΋༗ҙʹྑ͍݁ՌΛಘΔͳͲɼଟ༷ੑͷ͕͞ߴॏཁ

Ͱ͋Δ͜ͱ͕ࣔࠦ͞ΕΔ݁Ռ͕ಘΒΕ͍ͯΔɽ

2.4 ධՁ஋ͱউ཰

੎൑அΛ਺஋Խͨ͠΋ͷͰܗ໘ʹ͓͚Δہ໘ධՁ஋͸ہ

͋Γɼউ཰ΛԿΒ͔ͷܗͰۙͨ͠ࣅ΋ͷͩͱ͑ݴΔɽہ໘

ධՁ஋ͷֶशʹ͓͍ͯɼ໨తؔ਺ͱͯ͠عේͷউഊͱධՁ

஋͔ΒಘΒΕΔউ཰ͱͷ͕ࠩ༻͍ΒΕΔɽྫ͑͹ɼAlpha

Go[4]ͷ Value network ͷֶश΍ Alpha Go Zero [5]ͷֶ

शɼ2017೥ʹੈքίϯϐϡʔλকعબखݖͰ༏উͨ͠কع

ϓϩάϥϜ elmo Ͱ͸ֶशʹউ཰Λ༻͍Δख๏ *1 ΘΕ࢖͕

͓ͯΓɼͦͷޙଟ͘ͷকعϓϩάϥϜ͕ಉ༷ͷख๏Λ༻͍

ΔΑ͏ʹͳͬͨɽଞʹ΋ɼSato Β͸ൺֱֶशͷࡍʹɼعේ

ͷউഊͱධՁ஋ͱͷؔ܎ΛՃຯֶͯ͠शΛͨͬߦ [3]ɽ

*1 http://www2.computer-shogi.org/wcsc27/appeal/elmo/
elmo_wcsc27_appeal_r2_0.txt 5 ݄ 25 ೔Ӿཡ
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ධՁ஋ͱউ཰ͷؔ܎Λਤࣔ͢Δ΋ͷͱͯ͠ɼevaluation

curve[7]͕͋Δɽ·ͣɼہ໘ʹରͯ͠ɼعේͷউഊͱϓϩ

άϥϜʹΑΔධՁ஋ͷϖΞΛ͚ͭΔɽಉ͡ධՁ஋ͷہ໘Λ

ूΊɼͦͷউഊͷ߹͔ܭΒউ཰Λ͢ࢉܭΔͱ͍͏खॱΛߦ

͏ɽ࣮ࡍʹ͸ɼධՁ஋ͦͷ΋ͷͰ͸ͳ͘ൣғΛ͏࢖ɽ

ධՁؔ਺ͷಛ௃ʹ͍ͭͯॏΈ͕ద੾Ͱ͋Δ͔ɼ·ͨ͸͋

Δಛ௃͕༗ޮͰ͋Δ͔Λௐ΂Δͷʹ༻͍ΒΕͨɽ͋Δಛ௃

͕Φϯʹͳ͍ͬͯΔہ໘ू߹ͱΦϑʹͳ͍ͬͯΔہ໘ू߹

ͱΛूΊɼͦΕͧΕͰ evaluation curveΛϓϩοτ͢Δɽ

͜ͷ࣌ɼevaluation curves͕෼͔Ε͍ͯΔͱɼධՁ஋ͷେ

খؔ܎ͱউ཰ͷେখؔٯʹ܎స͕ੜ͡ɼউ཰ͷ௿͍खΛબ

ͿՄೳੑ͕͋ΔͨΊɼ͜ͷΑ͏ͳಛ௃͸ௐ੔ͷ༨஍͕͋Δ

ͱ͍͏ΞΠσΞͰ͋ͬͨɽ

ධՁ஋ʹରͯ͠ඪ४ԽͳͲΛͨͬߦ৔߹ɼҟͳΔϓϩά

ϥϜؒͰ͋ͬͯ΋ɼಉ͡είΞͰ͋ΔͳΒ͹ಉ͡উ཰ͱͳ

Δඞཁ͕͋ΔɽγάϞΠυؔ਺ʹΑΔධՁ஋͔Βউ཰΁ͷ

ม׵ʹ͍ͭͯ͸ɼݩͷσʔλΛे෼ۙࣅͰ͖͍ͯΔͷͰ͋

Ε͹ɼࣗવͱୡ੒Ͱ͖Δɽ

3. ఏҊख๏

ଟ਺ܾ߹ٞΑΓ΋ྑ͍݁ՌΛಘ͓ͯΓ͕ٞ߹؍ָ [6]ɼଟ

༷ੑͷ͍݁ྑ͕ํ͍ߴՌΛಘ͍ͯΔ͜ͱ͔Β [1]ɼଟ༷ੑͷ

͋ΔɼҟछϓϩάϥϜؒͰͷָ؍߹ٞΛఏҊ͢Δɽ͔͠͠ɼ

खΛબͿ͕ɼ͜Ε͸ධՁؔ਺ࢦ͍ߴͰ͸ධՁ஋ͷٞ߹؍ָ

ͷεέʔϧ͕΄΅ಉҰͷϓϩάϥϜؒͰ੒ཱ͢Δख๏Ͱ͋

Δɽ͋ΔϓϩάϥϜͷධՁ஋͕ଞΑΓ΋গ͠ߴΊͰ͋Δͱ

͢ΔͱɼͦͷϓϩάϥϜͷࢦख͕બ͹Ε΍͘͢ͳΓɼຊདྷ

ͷָ؍߹ٞͷޮՌ͸ಘΒΕͳ͍ͱ͑ߟΒΕΔɽҟͳΔϓϩ

άϥϜؒͰධՁ஋ͷεέʔϧΛ؍ָʹͣ͑ߟ߹ٞΛ͏ߦख

๏Λɼʮҟछ୯७ָ؍߹ٞʯ·ͨ͸ʮ୯७ָ؍ʯͱݺͿɽ

໰୊͸ɼϓϩάϥϜؒͰධՁ஋ͷεέʔϧ͕ҟͳΔ͜ͱ

Ҽ͓ͯ͠ΓɼධՁ஋ͷεέʔϧΛଗ͑Δ͜ͱͰվળىʹ

ߟΛ܎໘ͷධՁ஋ͱউ཰ͷؔہ଴͞ΕΔɽͦ͜Ͱɼظ͕

͑ɼධՁ஋ x ͔Βউ཰ y Λ༧ଌ͢ΔΑ͏ͳγάϞΠυؔ਺
1

1+exp(−w1x+w2)
Λ͏࢖ɽ͜ͷw1, w2ʹ͍ͭͯ͸ɼTakeuchi

Β͕ఏҊͨ͠ evaluation curve[7]ͷௐ੔๏ͳͲΛ༻͍ͯɼ

ϓϩάϥϜ͝ͱʹ͢ࢉܭΔɽຊڀݚͰ͸ɼ͜ͷγάϞΠυ

ؔ਺Λ͍࢖ɼҟͳΔϓϩάϥϜؒͷධՁ஋Λڞ௨ͷࢦඪ

΁ͱม͠׵ɼͦΕʹΑΔָ؍߹ٞΛఏҊ͢Δɽ͜ͷख๏Λ

ʮҟछউ཰ָ؍߹ٞʯ·ͨ͸ʮউ཰ָ؍ʯͱݺͿɽ

evaluation curveͰ͸ɼҟͳΔہ໘ू߹ʹ͓͍ͯ΋ಉ͡

Χʔϒ͕ಘΒΕΔ͜ͱ͕ɼਖ਼͍͠ධՁͷ৚݅ͱͳ͍ͬͯͨɽ

ௐ੔ޙͷࢦඪʹ͍ͭͯ΋ಉ༷ͷ͜ͱ͕ظ଴͞ΕΔɽ͢ͳΘ

ͪɼಉ͡είΞʹରͯ͠͸ಉ͡উ཰Λͭ࣋͜ͱ͕ظ଴͞Ε

Δɽ͜Ε͕ຬͨ͞Εͳ͍ͱ͠ࢦखબ୒࣌ʹɼউ཰ͷ௿͍ࢦ

͠खΛબͿՄೳੑ͕ੜ͡ΔͨΊͰ͋Δɽ

ද 1 ϓϩάϥϜ୯ମಉ࢜ͷର݁ہՌ

Apery YaneuraOu ޼ٕ nozomi

A - 0.698 0.6895 0.772

(690 16 294) (685 9 306) (760 24 216)

Y 0.302 - 0.525 0.538

(294 16 690) (497 56 447) (507 62 431)

G 0.3105 0.475 - 0.5695

(306 9 685) (447 56 497) (561 17 422)

N 0.228 0.462 0.4305 -

(216 24 760) (431 62 507) (422 17 561)

4. ݧ࣮

ఏҊख๏ͷ༗ޮੑΛࣔͨ͢ΊʹɼকعΛ୊ࡐͱ࣮ͯ͠ݧ

Λͨͬߦɽ·ͣɼ࣮ݧʹ༻͍ΔϓϩάϥϜಉ࢜ͷରઓΛߦ

͍ɼͦͷ͞ڧΛܭଌͨ͠ɽͦͷ݁ՌʹԠͯ͡ɼ߹ٞʹ༻͍

ΔϓϩάϥϜΛબͼɼଟ਺ܾ߹ٞ΍୯७ָ؍߹ٞ΍উ཰ָ

ଌͨ͠ɽܭɼͦͷੑೳΛ͍ߦΑΔରઓΛʹٞ߹؍

4.1 ڥ؀ݧ࣮

͸ɼIntelݧ࣮ Xeon CPU E5-2630 v4 @ 2.20GHz 10core

2CPU ɼϝϞϦ 96GB ɼUbuntu 16.04 ͷڥ؀Ͱͨͬߦɽ

ରઓϓϩάϥϜͱͯ͠Apery*2ɼYaneuraOu*3ɼٕ ޼ *4ɼ

nozomi*5 Λ༻͍ͨɽ͜ΕΒ͸ 2018೥ ͷϓϩάϥϜࠒ4݄

Λར༻͍ͯ͠Δɽ

֤ϓϩάϥϜ͕༻͍ΔධՁؔ਺ͷಛ௃ʹ͍ͭͯड़΂Δɽ

Apery Ͱ͸ ͱख൪ɼYaneuraOu܎3ۨؔ ʹ͸ϦθϩධՁ

ؔ਺ epoch 8 *6 Λ࢖༻ͨͨ͠Ί 3ۨͷؔ܎ʢख൪ͳ͠ʣɼ

͸޼ٕ ɼnozomi͸܎2ۨؔ ͱख൪ͱͳ͍ͬͯΔɽ܎3ۨؔ

Ռ͔ΒɼApery݁ݧͷ࣮ޙ Ҏ֎ͷ 3ϓϩάϥϜͰνʔϜΛ

΋ͦΕͧΕʹҧ͍͕͋ΓɼͯݟΛ͚ͩ܎੒ͨ͠ɼۨͷؔߏ

ଟ༷ੑͷ͍ߴνʔϜʹͳ͍ͬͯΔͱ͑ߟΒΕΔɽ

͸ʹ࣌ݧ࣮ 1ϓϩάϥϜ͋ͨΓ 1core Λ࢖༻͠ɼ1ख 5

ඵͷ୳ࡧΛ͏ߦɽ͜Ε͸ϓϩάϥϜ୯ମͰ΋߹ٞͰ΋ಉ༷

Ͱ͋Δɽରઓ͸ɼعේͷ 30ख໨ͷہ໘͔Β։࢝͢Δɽશ

͏ߦΛೖΕସ͑ͯରઓΛޙ໘Λ༻ҙ͠ɼͦΕͧΕઌہ500

ͨΊɼશମͰ ΘΕΔɽߦͷରઓ͕ہ1,000

4.2 ༧උ࣮ݧ: ୯ମͷܭ͞ڧଌ

·ͣɼϓϩάϥϜ୯ମͷ͞ڧΛܭଌ͢ΔͨΊରઓΛͬߦ

ͨɽରઓ݁ՌΛද 1 ʹ·ͱΊΔɽ

ɼҎԼ͸YaneruraOuɼ͘ߴ΋࠷ΒɼAperyͷੑೳ͕͔ݧ࣮

ɼnozomi޼ٕ ͷॱͱ͑ߟΒΕΔɽҎ߱ͷ࣮ݧͰ͸ɼApery

Ҏ֎ͷ 3ϓϩάϥϜͰνʔϜΛ࡞ΓɼApery ͱͷରઓ͔Β

*2 https://github.com/HiraokaTakuya/apery 5 ݄ 25 ೔Ӿཡ
*3 https://github.com/yaneurao/YaneuraOu 5 ݄ 25 ೔Ӿཡ
*4 https://github.com/gikou-official/Gikou 5 ݄ 25 ೔Ӿཡ
*5 https://github.com/saihyou/nozomi 5 ݄ 25 ೔Ӿཡ
*6 https://drive.google.com/open?id=

0Bzbi5rbfN85NMHd0OEUxcUVJQW8ɼ5 ݄ 25 ೔Ӿཡ
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ੑೳͷվળΛݟΔɽ

4.2.1 γάϞΠυؔ਺ͷௐ੔

ධՁ஋͔Βউ཰Λ༧ଌ͢ΔγάϞΠυؔ਺ f(x) =
1

1+exp(−w1×x+w2)
ͷॏΈ w1, w2 Λௐ੔ͨ͠ɽevaluation

curve[7]ͷख๏ʹͳΒ͍ɼγάϞΠυؔ਺͔ΒಘΒΕΔউ

཰ͱعේͷউഊͱͷࠩޡΛ࠷খԽ͢Δ࠷খೋ৐๏ (LSE)

ɼ͓Αͼউ཰ͱعේͷউഊͱͷ໬౓Λ࠷େԽ͢Δ࠷໬๏

(MLE) ʹΑͬͯௐ੔Λͨͬߦ. ໘ʹରͯ͠ɼہේͷ͋Δع

ධՁ஋Λ͚ͭɼͦΕ͔ΒಘΒΕΔউ཰ͱعේͷউഊͱͷࠩ

Λ࠷খԽ͢Δɽ

ίࢉܭ໘ʹରͯ͠ධՁ஋Λ͚ͭΔඞཁ͕͋Γɼہේͷع

ετ͕͔͔Δɽࠓճͷ࣮ݧͰ͸ɼͦ ͷίετΛආ͚ΔͨΊɼ

ϓϩάϥϜ୯ମͰͨͬߦରઓعේʹ͚ͭΒΕͨධՁ஋Λ༻

͍ͯ͜ͷௐ੔ΛͨͬߦɽYaneuraOuɼٕ޼ɼnozomi ʹΑ

Δ߹ٞΛ͍ߦɼApery ͱͷରઓΛͨ͏ߦΊɼର Aperyઓ

ͷعේΛআ͍ͨɽ·ͨɼ1عේ͔Βଟ͘ͷہ໘ΛऔΓग़͢

͜ͱΛආ͚ΔͨΊɼ60ख͝ͱʹϥϯμϜʹ 1खऔΓग़͢

͜ͱͱͨ͠ɽYaneuraOuͷ৔߹ɼରٕ޼ɼnozomi ઓͷع

ේɼܭ ໘͔Βɼ60खͷؒہɼ30ख໨Ҏ߱ͷ͍࢖Λہ2,000

ͰϥϯμϜʹ 1खΛબͼɼධՁ஋ͱγάϞΠυؔ਺͔Βಘ

ΒΕΔউ཰ͱعේͷউഊͱͷࠩޡΛ࠷খԽ͢Δ͜ͱͰௐ੔

Λͨͬߦɽevaluation curveͰ͸ɼධՁؔ਺ͷ஋·ͨ͸੩

ճ͸ࠓͷ஋Ͱ͕͋ͬͨɼࡧ୳ࢭ 1ख 5ඵͷ୳ࡧΛͨͬߦධ

Ձ஋Λར༻͍ͯ͠Δɽ

ௐ੔ͷ݁ՌΛਤ 1ɼද 2ʹ·ͱΊΔɽnozomi ͕બ͹Εʹ

ͱͳͬͨɽ·ͨɼYaneuraOu޲܏͍͘ ͷ evaluation curve

ͱɼ࠷খೋ৐๏ʢLSEʣɼ࠷໬๏ʢMLEʣͰௐ੔ͨ͠γάϞ

Πυؔ਺Λਤ 2ʹࣔ͢ɽٕ͓޼Αͼ nozomi ʹ͍ͭͯ͸෇

࿥ͷਤ A·1ɼA·2Λࢀর͞Ε͍ͨɽͲͷϓϩάϥϜͰ΋࠷
খೋ৐๏ʹΑΔγάϞΠυؔ਺ͷํ͕ evaluation curveʹ

Α͘߹கͨͨ͠ΊɼҎ߱ͷউ཰ָ؍߹ٞͰ͸ɼ࠷খೋ৐๏

ʹΑͬͯಘΒΕͨγάϞΠυؔ਺Λར༻ͨ͠ɽͳ͓ɼຊ࣮

ͷݧ evaluation curveͰ͸ධՁ஋Λ 200఺͝ͱʹ۠੾Γɼ

ͦͷதͷউഊ͔Βউ཰Λ͍ۙͯ͠ࣅΔɽ͜ͷࡍɼ֤۠੾Γ

͸ 50Ҏ্ͷσʔλ͕͋ΔՕॴ͚ͩΛϓϩοτͨ͠ɽ

ਤ 4 ʹ evaluation curveΛඳ͍ͨࡍͷɼ֤۠੾Γʹ͓͚

Δہ໘਺Λࣔ͢ɽൃੜස౓ʹ͍֤ͭͯϓϩάϥϜͰ͸େࠩ

͕ͳ͍͜ͱ͕Θ͔ΔɽͦͷҰํɼશϓϩάϥϜͷ evaluation

curveΛϓϩοτͨ͠ਤ 3͔Βɼnozomi ͸ධՁ஋ 0 ͷ࣌

ͷউ཰͕ଞΑΓ΋ஶ͘͠௿͍͜ͱ͕Θ͔Γɼ୯ମϓϩάϥ

Ϝಉ࢜ͷউഊͷӨ͕ڹੜ͍ͯ͡Δ͜ͱ͕Θ͔Δɽ͜Ε͔

Βɼnozomi ͷखָ͕؍ͱͯ͠͸બ͹Εʹ͘͘ͳΔͱ༧ଌ

͞ΕΔɽ

͜ΕΒͷہ໘ू߹ʹ͓͚ΔධՁ஋ͷฏۉͱ෼ࢄΛද 3ʹ

·ͱΊΔɽධՁ஋ͷ෼෍ʹਖ਼ن෼෍ΛԾఆ͠ɼฏۉ µ ͱ

෼ࢄ σ ͔ΒධՁ஋ xͷඪ४ԽΛ͏ߦͱɼඪ४Խ͞Εͨධ

Ձ஋͸ x−µ
σ ͱͳΔɽ͜ͷείΞͱউ཰ͷؔ܎ɼevaluation

curveΛਤ 5ʹࣔ͢ɽҟͳΔϓϩάϥϜؒͰ͸ಉ͡είΞ

ද 2 ϓϩάϥϜ͝ͱͷγάϞΠυؔ਺ͷ܎਺

LSE MLE

ϓϩάϥϜ w1 w2 w1 w2 ໘਺ہ

YaneuraOu 0.002895 0.1613 0.001082 0.1349 3,835

޼ٕ 0.002600 0.1638 0.001659 0.1260 3,775

nozomi 0.002484 0.5750 0.001061 0.4533 3,696
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ਤ 2 YaneuraOuͷରઓعේ͔Βಘͨ evaluation curveͱ࠷খೋ৐

๏ɼ࠷໬๏ʹΑΔγάϞΠυؔ਺ɽ࣮ઢ͕ evaluation curveɽ
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ਤ 3 ֤ϓϩάϥϜͷ evaluation curve

Ͱ΋উ཰͕େ͖͘ҟͳΔέʔε͕͞ݟࢄΕɼฏۉͱ෼ࢄʹ

ΑΔඪ४Խ͸ࠓճͷ໰୊ʹద͍ͯ͠ͳ͍͜ͱ͕Θ͔Δɽྫ

͑͹ɼ3ϓϩάϥϜͷείΞ͕͢΂ͯ 0.0 ͷ৔߹ɼউ཰͕

ख͕બ͹ΕΔ΂͖Ͱ͋Δ͕ɼ͜ͷεί͠ࢦͷ޼ٕ͍ߴ΋࠷

ΞͰ͸ͦΕ͕൓ө͞Ε͓ͯΒͣɼબ͹ΕΔͱ͸ݶΒͳ͍ɽ
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ਤ 4 ධՁ஋ͱͦͷස౓ɼશϓϩάϥϜʹ͍ͭͯ

ද 3 ϓϩάϥϜ͝ͱͷධՁ஋ͷฏۉͱ෼ࢄ

ϓϩάϥϜ ฏۉ ෼ࢄ ໘਺ہ

YaneuraOu 99.09 2228.1 3,835

޼ٕ 334.00 1925.9 3,696

nozomi 420.16 2107.4 3,775
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ਤ 5 ඪ४Խͨ͠ධՁ஋ʹΑΔ evaluation curve

4.3 ߹ٞγεςϜͷੑೳ

Apery Ҏ֎ͷ 3ϓϩάϥϜʹΑΔνʔϜΛܗ੒͠ɼͦͷ

νʔϜͰͷଟ਺ܾ߹ٞ΍ָ؍߹ٞΛ͍ߦɼରઓʹΑΔੑೳ

ٞ߹؍ɼউ཰ָٞ߹؍ɽଟ਺ܾ߹ٞͱ୯७ָͨͬߦଌΛܭ

ͱΛ Apery ͱରઓͤͨ͞ɽ݁ՌΛද 4ʹ·ͱΊΔɽ͜Ε

ʹՃ͑ɼ֤ϓϩάϥϜ୯ମͷରApery ઓͷউ཰Λਤ 6ʹਤ

ࣔ͢Δɽͳ͓ɼଟ਺ܾ߹ٞʹ͓͍ͯଟ਺೿͕ͳ͍࣌͸Ϧʔ

μʔͱͨ͠ YaneuraOu ͷ͠ࢦखΛ࠾༻͢Δ͜ͱͱͨ͠ɽ

Ճ͢ΔϓϩάϥϜ୯ମͰ͸ɼউ཰͕ࢀʹٞ߹ 2ׂ͔Β 3

Ͱ͋ͬͨ͜ͱ͔Βɼ߹ٞ͸શൠతʹੑೳ͕վળ͍ͯ͠ڧׂ

Δ͜ͱ͕෼͔Δɽ·ͨ, ֤߹ٞγεςϜͱ୯ମϓϩάϥϜ

ͷউ཰ʹ༗ҙͳ͕ࠩͳ͍͔ΧΠೋ৐ݕఆͨ͠ͱ͜Ζɼ͍ͣ

Ε΋༗ҙਫ४ 5%Ͱ༗ҙͳ͕ࠩಘΒΕͨɽҰํɼ֤߹ٞγ

εςϜಉ࢜ͷউ཰ʹ͍ͭͯΧΠೋ৐ݕఆΛͨͬߦͱ͜Ζɼ

উ཰ָ؍߹ٞͱଟ਺ܾ߹ٞͱͷؒʹ͸༗ҙਫ४ 5% Ͱ༗ҙ

ͳ͕͕ࠩ͋ͬͨɼଞͷ૊Έ߹Θͤʹ͍ͭͯ͸༗ҙͳࠩ͸ಘ

ΒΕͳ͔ͬͨɽ

ද 4 ߹ٞͱ Apery ͷରઓ݁Ռ

ର Apery

উ཰ָ؍߹ٞ 0.427 (423 8 569)

୯७ָ؍߹ٞ 0.412 (409 6 585)

ଟ਺ܾ߹ٞ 0.379 (362 34 604)
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ਤ 6 ֤ख๏ͷର Apery উ཰ͱ৴པ۠ؒ

ද 5 ߹ٞಉ࢜ͷରઓ݁Ռ

୯७ָ؍߹ٞ ଟ਺ܾ߹ٞ

উ཰ָ؍߹ٞ 0.507 0.499

(492 30 478) (473 52 475)

୯७ָ؍߹ٞ - 0.498

(477 42 481)

4.4 ߹ٞಉ࢜ͷରઓ࣮ݧ

લઅͷ Aperyͱͷରہʹଓ͖ɼੑೳධՁͷͨΊ߹ٞγε

ςϜಉ࢜ͷରઓΛͨͬߦɽରઓ݁ՌΛද 5ʹࣔ͢ɽલઅͷ

Aperyઓͷউ཰Ͱ͸ɼউ཰ָ؍߹ٞͱଟ਺ܾ߹ٞͱͷؒʹ

༗ҙʹ͕͕ࠩ͋ͬͨɼࠓճͷର݁ہՌͰ͸Ͳͷ૊Έ߹Θͤ

ʹ͓͍ͯ΋༗ҙͳ݁Ռ͸ಘΒΕͳ͔ͬͨɽ

4.5 ཰ͳͲ༺࠾ख͠ࢦ

֤߹ٞγεςϜͷৼΔ෣͍ͷࠩΛௐ΂ΔͨΊ, ࠾ख͠ࢦ

༻཰Λௐ΂ͨɽରAperyઓͷعේ͔ΒσʔλΛऔͬͨ݁Ռ

Λද 6ɼਤ 7ʹ·ͱΊͨɽͳ͓ɼָ؍߹ٞͰ͸ධՁ஋͕࠷

େͰͳͯ͘΋બ͹ΕͨखͱҰக͢ΔͳΒ࠾༻཰ʹؚΊ͍ͯ

ΔͨΊɼ֤γεςϜͷ࠾༻཰ͷ૯࿨͸ 1.0Λ௒͑Δɽ

ଟ਺ܾ͸ৗʹଟ਺೿͕બ͹ΕΔͨΊ΋͋ΓɼଞΑΓ΋શ

ൠతʹ਺஋͕͍ߴɽ͞Βʹଟ਺ܾ߹ٞʹ͓͍ͯ͸ɼશһͷ

ख͕ҟͳΔͱ͖͸͠ࢦ YaneuraOu ͷ͠ࢦख͕બ͹ΕΔ͜

ͱ͕Ө͔ͯ͠ڹɼYaneuraOuͷ͠ࢦख࠾༻཰͕͘ߴͳͬͯ

͍Δɽউ཰ָ؍Ͱ͸ɼnozomi ͷ࠾༻཰͕௿͘ɼ୯७ָ؍

Ͱ΋উ཰ָ؍Ͱ΋ٕ޼ͷ࠾༻཰͕࠷΋͍ߴͳͲɼ߹ٞγε

ςϜ͝ͱʹҧ͍͕ݱΕͨɽ

֤γεςϜͰͷ౤ථͷ༷ࢠΛௐ΂ͨͱ͜ΖɼͲͷγε

ςϜͰ΋͓͓ΑͦมΘΒͣɼશһ߹ҙ͕ 0.47ɼYaneuraOu

ͱٕ͕޼ಉ͡खͷ৔߹͕ 0.11ɼYaneuraOu ͱ nozomi ͕

0.14ɼٕ޼ͱ nozomi͕ 014ɼ֤ 1ථͱͳͬͨͷ͸ 0.14 ఔ
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ද 6 ֤ϓϩάϥϜͷࢦखͷ࠾༻཰ɽσʔλ͸ର Apery ઓͷعේ͔

Βಘͨɽָ؍ʹ͓͍ͯ͸ධՁ஋͕࠷େͰͳͯ͘΋ɼબ͹Εͨख

ͱҰகͨ͠৔߹ʹ͸࠾༻͞ΕͨͱΈͳ͍ͯ͠Δɽ
YaneuraOu ޼ٕ nozomi

উ཰ָ؍߹ٞ 0.7503 0.8080 0.6549

୯७ָ؍߹ٞ 0.7189 0.7626 0.7209

ଟ਺ܾ߹ٞ 0.8571 0.7184 0.7416

Y G N Y G N Y G N

1.0

0.0

0.5

勝率楽観 単純楽観 多数決

ਤ 7 ֤߹ٞγεςϜ͝ͱͷ͠ࢦख࠾༻཰ɽ (Y:YaneuraOuɼG:ٕ

(ɼN:nozomi޼

౓Ͱ͋ͬͨɽ౰વͳ͕Βɼද 6 ͷଟ਺ܾ߹ٞͱҰக͢Δɽ

5. ٞ࿦

উ཰ָ؍߹ٞ͸ଟ਺ܾ߹ٞʹର͠ɼରApery ઓͷউ཰Ͱ

͸༗ҙͳࠩΛಘͨҰํͰɼ௚઀ରઓͤͨ͞৔߹͸༗ҙͳࠩ

͕ಘΒΕͳ͔ͬͨɽ·ͣ͸ɼఏҊख๏ͷੑೳ͕͋Δఔ౓վ

ળͨ͠ཧ༝Λ͢࡯ߟΔɽ

উ཰ָ؍߹͕ٞ༻͍ΔγάϞΠυؔ਺ͷޮೳʹ͍ͭͯߟ

͑ΔͱɼγάϞΠυؔ਺͔Β nozomiͷࢦख͕બ͹Εʹ͘

͘ͳΔ͜ͱ͕͑ߟΒΕΔɽ͜ͷ͜ͱ͸ਤ 7͔Β΋֬ೝͰ͖

Δɽͦ͜Ͱɼnozomi Λআ͖ɼYaneuraOuɼٕ޼ͷ 2ϓϩ

άϥϜʹΑΔ୯७ָ؍߹ٞͱApery ͱͷରઓΛͨͬߦɽউ

཰ָ؍߹ٞͱಉ౳ͷ݁Ռ͕ಘΒΕΔͱ͢ΔͱɼγάϞΠυ

Λར༻͢ΔޮՌ͸ nozomi ͷखΛ࠾༻͠ʹ͘͘ͳͬͨ͜ͱ

͚ͩͰɼָ ༩͍ͯ͠ͳ͍͜ͱͱͳΔɽ݁Ռ͸ɼد͸ʹٞ߹؍

উ཰ͯݟΒ͔ٞ߹؍ָ 0.4035 (399উ 9෼ 592ഊ) ͱͳΓɼ

উ཰ָ؍߹ٞ΄Ͳͷվળ͸ݟΒΕ͓ͯΒͣɼ୯ʹ nozomi

͕আ͞ڈΕΔ͜ͱ͚͕ͩੑೳվળͷݪҼͰͳ͍͜ͱ͕Θ

͔ͬͨɽ

୯७ͳָ؍߹ٞͰ΋͋Δఔ౓͘ڧͳͬͨ͜ͱʹ͍ͭͯ

͸ɼาͷ఺਺͕౷Ұ͞Ε͍ͯΔ͜ͱ͔Βɼ͋·Γେ͖ͳҧ

͍͕ੜ͍ͯ͡ͳ͍͜ͱ͕ݪҼͱͯ͑͠ߟΒΕΔɽ·ͨɼे

෼ʹ͍ڧϓϩάϥϜͰ͋ΔͷͰɼ͋Δఔ౓εέʔϧ͍ͯ͠

Δ͜ͱ͕͑ߟΒΕΔɽ

উ཰ָ؍߹ٞͱଟ਺ܾ߹ٞͱͷରઓͰ͸༗ҙͳ͕ࠩಘΒ

Εͳ͔ͬͨɽཧ༝ͱͯ͠͸ɼ͍ͣΕͷ߹ٞ΋ߏ੒ϓϩάϥ

Ϝ͕ಉ͡Ͱ͋Δ͜ͱ͕͑ߟΒΕΔɽ

খೋ৐๏ʹൺ΂ͯɼevaluation࠷໬๏ʹΑΔ݁Ռ͕࠷

curveʹϑΟοτ͍ͯ͠ͳ͍݁Ռ͕ݟΒΕͨɽevaluation

curveͷௐ੔ʹع͏࢖ේ͕଍Γ͍ͯͳ͍͜ͱ͕͑ߟΒΕΔɽ

·ͨɼௐ੔ʹع͏࢖ේ͕ର͔ہΒಘΒΕͨ΋ͷͰɼͦͷޙ

ͷରઓ࣮ݧͰ͸ಉ͡։ہ࢝໘Λར༻͍ͯ͠ΔͷͰɼภΓ͕

ੜ͍ͯ͡Δ͜ͱ͕͑ߟΒΕΔɽଞʹ΋ɼࣗ෼ͷධՁ஋͔Β

ࣗ෼ͷର݁ہՌΛ༧ଌ͍ͯ͠ΔͨΊ༧ଌਫ਼౓͸͍ߴΑ͏ʹ

΋͑ࢥΔ͕ɼରઓ૬खʹґଘ͢Δཁૉ΋͋ΔͨΊɼਖ਼ෛͷ

ͲͪΒͷޮՌΛͭ࣋ͷ͔͸ෆ໌Ͱ͋Δɽੑݱ࠶ͷ໰୊΋͋

Γɼ͋·ΓϓϩάϥϜʹґଘ͠ͳ͍عේ΍উഊΛར༻ͨ͠

ํ͕ྑ͍ͩΖ͏ͱࢥΘΕΔɽ

6. ͓ΘΓʹ

Λഎڀݚͷ༗༻ੑͱɼଟ༷ੑͷॏཁ͞ʹؔ͢Δٞ߹؍ָ

ΛఏҊͨ͠ɽҟͳΔٞ߹؍ɼҟछϓϩάϥϜؒͰͷָʹܠ

ϓϩάϥϜͰ͸ධՁ஋ͷεέʔϧ͕ҟͳΔͨΊɼ୯७ʹ͸

͏·͍͔͘ͳ͍͜ͱ͕༧૝͞ΕͨͨΊɼεέʔϧΛଗ͑ͯ

ේͷউഊعख๏ΛఏҊͨ͠ɽ۩ମతʹ͸ɼ͏ߦΛٞ߹؍ָ

ͱධՁ஋ͷ͔ؔ܎Βউ཰༧ଌؔ਺Λ࡞੒͠ɼͦΕʹΑͬͯ

ಘΒΕΔউ཰Λ༻ָ͍ͨ؍߹ٞΛ͜͏ߦͱΛఏҊͨ͠ɽε

έʔϧΛଗ͑ͳָ͍؍߹ٞΛʮ୯७ָ؍߹ٞʯɼউ཰Λ༻͍

Δָ؍߹ٞΛʮউ཰ָ؍߹ٞʯͱ໊෇͚ͨɽকعϓϩάϥ

ϜΛ༻͍ͨରઓ࣮ݧΛͨͬߦͱ͜Ζɼଟ਺ܾ߹ٞ΋ؚΊɼ

୯ମϓϩάϥϜͷউ཰ʹରͯ͠༗ҙͳࠩΛಘΔ͜ͱ͕Ͱ͖

͓ͯΓɼ߹ٞͷ༗༻ੑΛ֬ೝͰ͖ͨɽ·ͨɼAperyͱͷର

ઓ࣮͔ݧΒ͸উ཰ָ؍߹͕ٞଟ਺ܾ߹ٞΑΓ΋༗ҙʹྑ͍

݁ՌΛಘ͕ͨɼ௚઀ͷରઓ࣮ݧͳͲ͔Β͸༗ҙͳࠩ͸ಘΒ

Εͳ͔ͬͨɽ୯७ָ؍߹ٞ͸ରAperyઓʹ͓͍ͯଟ਺ܾ߹

ٞʹରͯ͠༗ҙͳࠩ͸ಘΒΕ͓ͯΒͣɼউ཰ಋೖͷ༗ޮੑ

Λࣔ͢͜ͱ͕Ͱ͖ͨͱ͑ߟΒΕΔɽ

ͷ՝୊ͱͯ͠͸ɼγάϞΠυؔ਺Λվળ͢ΔͨΊޙࠓ

ʹɼରઓʹ༻͍Δہ໘ͱॏෳͷͳ͍Α͏ͳعේΛબͿ͜

ͱɼྫ͑͹ɼfloodgate ͷعේ͔ΒϨʔςΟϯά͕͋Δఔ౓

Ҏ্ͷϓϨΠϠಉ࢜ͷରہΛऔΓग़͢ͳͲ͕͑ߟΒΕΔɽ

floodgate ͷعේΛ͜͏࢖ͱͰہ໘਺Λ૿΍͢͜ͱ΋Մೳ

ͱͳΓ,ɹվળ͕ظ଴Ͱ͖Δɽ·ͨɼݱঢ়͸ 3ϓϩάϥϜ

ʹΑΔ߹ٞΛ͍ͯͬߦΔ͕͜ΕΒʹՃ͑ͯɼୈ 28ճੈքί

ϯϐϡʔλকعબखࢀʹݖՃͨ͠ɼ৽͍͠ධՁؔ਺ *7Λ༻

͍ͨϓϩάϥϜΛར༻͢Δ͜ͱͰɼ͞Βʹଟ༷ੑΛߴΊΔ

͜ͱ͕ظ଴Ͱ͖Δɽଞʹ΋ɼධՁؔ਺Λ༻͍ͳ͍Α͏ͳϞ

ϯςΧϧϩ໦୳ࡧϓϩάϥϜ΁ͷద༻ͳͲ΋͑ߟΒΕΔɽ

ँࣙ ຊڀݚ͸ JSPSՊݚඅ 17K12807ͷॿ੒Λड͚ͨ

΋ͷͰ͢ɽ

෇ ࿥

*7 https://www.apply.computer-shogi.org/wcsc28/appeal/
the_end_of_genesis_T.N.K.evolution_turbo_type_D/
nnue.pdf 5 ݄ 25 ೔Ӿཡ

c⃝ 2018 Information Processing Society of Japan 6

Vol.2018-GI-40 No.8
2018/6/30



৘ใॲཧֶձڀݚใࠂ
IPSJ SIG Technical Report

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

-2000 -1500 -1000 -500  0  500  1000  1500  2000

W
in

ni
ng

 R
at

io

Score

Giko
LSE
MLE

0.5

ਤ A·1 ේ͔Βಘͨعͷରઓ޼ٕ evaluation curve ͱ࠷খೋ৐๏ɼ

໬๏ʹΑΔγάϞΠυؔ਺ɽ࣮ઢ͕࠷ evaluation curveɽ
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ਤ A·2 nozomi ͷରઓعේ͔Βಘͨ evaluation curve ͱ࠷খೋ

৐๏ɼ࠷໬๏ʹΑΔγάϞΠυؔ਺ɽ࣮ઢ͕ evaluation

curveɽ

A.1 evaluation curveͱγάϞΠυؔ਺

Αͼ͓޼ٕ nozomi ʹ͍ͭͯ, evaluation curveͱɼௐ੔

͞ΕͨγάϞΠυؔ਺Λਤ A·1, A·2ʹࣔ͢ɽ
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