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೔ຊޠ൛΁ͷ·͕͖͑

ɹh ਺ֶήʔϜඞউ๏ʱͱConwayͷஶॻONAG(“On Numbers and Games”, Academic Press,

1974)ʹΑͬͯͦͷ͕ૅجఏࣔ͞Εͨ૊߹ͤ࿦తήʔϜཧ࿦͸࣌ͱͱ΋ʹॏཁੑΛ·͢·͢૿͠

͖͍ͯͯΔɽ

2001೥, 2002೥, 2003೥, 2004೥ʹA K Peters ࣾʹΑΓग़൛͞Εͨ ୈޠͷӳר4 2൛ͷग़൛

͔Β 10೥ͷؒʹͨ͘͞Μͷ͜ͱ͕ੜͨ͠ىɽݪయͷૉࡐͷଟ͕͘৽͍͠ੈ୅ͷऀڀݚʹΑͬͯ

ଓຊʹ͋ͨΔޙΕɼଟํ໘ʹ݁Ռ͕֦ு͞Εͨɽຊॻͷ͞ڀݚ Albert, Nowakowski ͱ Wolfe

ʹΑΔஶॻʠLessons in Playʡʢh ૊߹ͤήʔϜཧ࿦ೖ໳ ɼɦ઒ล࣏೭༁ɼཱڞग़൛ɼ2011ʣ͸਺

ֶՊͷֶ෦ֶੜͷͨΊͷ͢͹Β͍͠ςΩετͰ͋ΔɽͦΕʹ͸৽͍͠ήʔϜ͕ͨ͘͞Μؚ·Ε

͓ͯΓɼͦΕΒͷଟ͘ʹີݫͳղੳ͕ͳ͞Ε͍ͯΔɽ͜ΕΒͷ৽͍͠ήʔϜͷ͍͔ͭ͘͸͜ͷ

ཧ࿦΁ͷཧղΛे෼ʹਂΊͯ͘ΕΔɽ͜ΕΒͷήʔϜͷ͏ͪಛʹ஫໨͢΂͖΋ͷ͸ʠΫϩόʔ

ʢClobberʣʡͱݺ͹ΕΔήʔϜͰ͋Ζ͏ɽͦͷղੳ͸શඍখྔͱྔࢠݪͱͷؒͷັ࿭తͳؔ܎ʹ

བྷΜͰ͍Δɽ΋͏Ұͭͷຊ͸ Aaron Siegel ʹΑΔʠCombinatorial Game TheoryʡͰ͋Δɽ͜

Ε͸େֶӃੜͱϙετυΫλʔͷͨΊͷΑΓߴ౓ͳ਺ֶͷڀݚϞϊάϥϑͰ͋Δɽ

ͷओ୊ʹؔ͢Δ͞Βʹॏཁͳཧ࿦తൃలͷҰͭ͸͍͓ͯ͜ʹل21ੈ Plambeck ͱ Siegel ʹΑ

ΔൃݟͰ͋Γɼଟ͘ͷϛθʔϧڞ௨ήʔϜ͸͋ΔछͷϞϊΠυͷ୅਺తੑ࣭ʹͮ͘جΞϓϩʔ

νͰུ߈Ͱ͖Δͱ͍͏ൃݟͰ͋Δɽผͷॏཁͳൃల͸ Carlos Santos ͱ Jorg Nuno Silva ʹΑ

Δߏ੒๏Ͱ͋Γɼ͜ΕʹΑΓɼैདྷͷϧʔϓͳ͠ήʔϜ͸͢΂ͯɼϙϧτΨϧɾίφωɼ͢ͳΘ

ͪɼݹ୅ϋϫΠͷήʔϜͰ͋Δίφωʢ͜Ε͸·ͨϋϫΠνΣοΧʔͱͯ͠΋஌ΒΕ͍ͯΔʣͷ

গ֦͠ு͞ΕͨήʔϜͷ͋Δہ໘ͱඪ४తʹ౳ՁͰ͋Δ͜ͱ͕ࣔ͞ΕΔɽ

ʰ਺ֶήʔϜඞউ๏ʱͷ ຊ͕ר2 1982೥ʹग़ݱҎདྷɼ೔ຊͷϘʔυήʔϜʠғޟʡ΁ͷॏཁ

ͳԠ༻͕͍Ζ͍ΖͱࢼΈΒΕ͖ͯͨɽ1994೥ʹ೔ຊعӃΛԿճ͔๚໰ͨ͠ޙʹɼBerlekamp

ͱ Wolfe ͸ஶॻʠMathematical GoʡΛग़൛ͨ͠ɽ͜ͷຊͰ͸ɼʮ֨ࢠ఺ʯ(points) Λ૊߹ͤ࿦

ήʔϜͷڀݚର৅ͱΈͳ͢΂͖Ͱ͋Δ͜ͱΛࢦఠ͍ͯ͠Δɽ1996೥ Howard Landman ͸ʮ໨ʯ

(eyes)΋·ͨ૊߹ͤ࿦ήʔϜͷڀݚର৅ͱΈΔͷ͕༗ޮͰ͋ΓಘΔ͜ͱΛࣔͨ͠ɽͦͷޙɼ2009

೥ʹதଜఃޗ͸ʮ߈Ί߹͍ʯ(capturing races) ʹ͓͚Δʮବ໨ʯ(liberties)΋·ͨ૊߹ͤ࿦ήʔ

Ϝͷڀݚର৅ͱͯ͠ΈΔͷ͸࣮Γଟ͍͜ͱΛࣔͨ͠ɽ͜ΕΒͷԠ༻͸͢΂ͯɼʮลʯɼʮ۱ʯɼʮ੕ʯ

ͷجຊతͳੑ࣭Λ༻͍͍ͯΔɽείΞͱବ໨΁ͷԠ༻͸Ξοϓ (ups)ɼμ΢ϯ (downs)ɼλΠ

χʔ (tinies)ʢ͜ΕΒ͸͢΂ͯ͸ʰ਺ֶήʔϜඞউ๏ʱͰಋೖ͞Εɼղઆ͞Ε͍ͯΔʣΛؚΉଞ

ͷଟ͘ͷૅجతήʔϜͷجຊతੑ࣭Λ͠͹͠͹པΓͱ͍ͯ͠Δɽ

ғޟͷ΄ͱΜͲ͢΂ͯͷඇऴ݁ہ໘͸ʠ೤͍ʡɼͦͷ͜ͱ͕ɼԹ౓ͱฏۉ஋ͱ͍͏ʰ਺ֶήʔ

Ϝඞউ๏ʱͷ֓೦͕࠾༻͞ΕͶ͹ͳΒͳ͍͜ͱΛอূ͍ͯ͠Δɽ͜ΕΒͷॏཁͳྔΛ͢ࢉܭΔ

Թ౓άϥϑ (Thermography)ͱݺ͹ΕΔߏ੒తख๏͸ʰ਺ֶήʔϜඞউ๏ʱͷୈ 6ষʹఏࣔ͞
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iv ೔ຊޠ൛΁ͷ·͕͖͑ ♠

Ε͍ͯΔɽ͔͠͠ͳ͕Βɼ͜Ε͸ʮ߷ʯʹ͸༻Λͳ͞ͳ͍ɽͦͷଞͷଟ͘ͷہ໘ʹରͯ͠ɼ༏

Εͨ࢜ع͸͜ͷϘτϜΞοϓख๏Λ͋·Γʹ·ͲΖ͍ͬ͜͠ͱ͑ߟɼτοϓμ΢ϯͷ௚ײʹཔ

Δɽ൴Βͷ௚ײΛఆྔԽ͢ΔͨΊʹɼBerlekamp ͸Ϋʔϙϯޟͱݺ͹ΕΔғޟͷมछΛൃ໌͠

ͨɽ͜ͷғޟ͸ଟ͘ͷϓϩ࢜عͷ஫໨ͱؔ৺ΛूΊͨɽͦͷதʹ͸ঁੑੈքνϟϯϐΦϯ㫄೬

Ғ (Naiwei Rui) ͱ൴ঁͷ෉ ٱரߐ (Jujo Jiang)΋ؚ·ΕΔɽ൴Β͸ͱ΋ʹ۝ஈͰ͋Δɽ൴Β͸

ͷϕετࠃؖ 4ͱͱ΋ʹ 2007೥ 11݄ʹι΢ϧͰ։͞࠵ΕͨΫʔϙϯ٧Ίޟτʔφϝϯτʹࢀ

Ճͨ͠ɽͦͷޙɼரٱ͸ɼ2010೥ 11݄ 28೔ʹ๺ژͷηϯλʔͰதࠃϚΠϯυεϙʔπνʔϜ

ͷߴஈऀϓϩ 6ਓʹΑΔΫʔϙϯ٧ΊޟτʔφϝϯτΛ૊৫ͨ͠ɽ

૊߹ͤ࿦తήʔϜཧ࿦ͷ͜ΕΒ͢΂ͯͷʠਅ໘໨ͳʡԠ༻ͱ͸ผʹɼΘΕΘΕ͸ʰ਺ֶήʔϜ

ඞউ๏ʱΛஶ͢ʹ͋ͨͬͯɼͦΕΛਅ໘໨ͳ਺ֶͰ͋Δͱ͍͏؍఺ͱগͳ͘ͱ΋ಉ͡ఔ౓ʹ͸ɼ

ɼͦΕ͸྆໘Λ͍࣋ͬͯΔɽ؂༁ऀͷখࡍ఺Λ࣋ͪଓ͚͍ͯΔɽ࣮؍ಈͰ͋Δͱ͍͏׆తָޘ

͸ɼΘͪͨऀڀݚՊֶػࢉܭΘͬͨ೔ຊͷ৘ใཧ࿦ɼܞʹɼͳΒͼʹɼ຋༁ࢯ૑౻ࠤͱࢯޗۍྛ

ΕΘΕͷӳޠ൛ʹ͋Δ༡ͼʹຬ͍͔ͪͨͭ͘ͷදݱΛ೔ຊޠʹ຋༁͢Δʹ͋ͨͬͯ৆͞ࢍΕΔ

Λ੒͠਱͛ͯ͘Εͨɽࣄ࢓

ָ͠΋͏!!

Elwyn Berlekamp, John Conway ͱ Richard Guy

2014೥ 6݄ 2೔
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ୈ 2൛΁ͷ·͕͖͑

ɹh ਺ֶήʔϜඞউ๏ʱͷୈ 2൛͕ग़൛͞Εͨͷ͸ͱͯ΋͢͹Β͍͜͠ͱͩɽ

େ͖͘͸ɼୈ 1൛ͱ John Conwayͷ “On Numbers and Games”ʢ͜ͷຊ΋·ͨ࠶൛͞Εͨ

͜ͱΛتͼ͍ͨͱ͏ࢥʣͷ݁Ռͱͯ͠ɼ૊߹ͤ࿦తήʔϜͷओ୊͸ɼғޟɼνΣεɼΞϚκϯ΍

ίφωͱ͍ͬͨಛผͳήʔϜʢΘΕΘΕͷཧ࿦Λ঺հ͢ΔͨΊʹඞཁͰ͋ͬͨ؆୯ͳྫΛӽ͑

ͯ΋ͬͱͣͬͱ͓΋͠Ζ͘ϓϨʔ͞ΕΔήʔϜʣͷ࣮ફՈ΍ཧ࿦Ո͸΋ͪΖΜɼਓ޻஌ೳͷઐ໳

Ոɼ૊߹ͤཧ࿦ՈɼػࢉܭՊֶऀ·Ͱࠐ͖רΜͰɼ޿େͳྖҬ΁ͱେ͖͘੒௕͖͍ͯͯ͠Δɽ

૊߹ͤ࿦ͷओ୊͕ଟ͘ͷ “ਅ໘໨ͳ”਺ֶऀʹ͸ͳ͔ͳ͔ड͚ೖΕΒΕͳ͔ͬͨͷͱ·ͬͨ͘

ಉ༷ʹɼ͍΍ɼ૊߹ͤ࿦తήʔϜͷओ୊͕ड͚ೖΕΒΕΔΑ͏ʹͳΔͷ͸ɼͦΕΑΓ΋ͬͱ࣌ؒ

͕͔͔͍ͬͯΔɽ͔͠͠ɼࠓ΍͢͜ͿΔ੒ख़Λ਱͛ɼAviezri Fraenkel ʹΑͬͯه࿥͞ΕͨΓɼ

BerlekampͱWolfeʹΑΔॻ෺ “Mathematical Go: Chilling Gets the Last Point”ʹྫࣔ͞Ε

͍ͯΔΑ͏ʹɼ๲େͳจݙΛ࢈Ή·Ͱʹ੒௕͍ͯ͠ΔɽήʔϜ͸ϓϨʔ͢Δͷ͸ָ͍͠͠ɼ্ख

ʹϓϨʔ͢Δ͜ͱ͕Ͱ͖Ε͹΋ͬͱָ͍͠΋ͷͰ͋Δɽ

͜ͷओ୊͸ɼࠓճఏ͢ڙΔ ຊͷதͰ͑͞ɼΘΕΘΕ͕ͦΕΛे෼ʹ࿦͡Δʹ͸͋·Γʹ΋ר4

େ͖͘ͳͬͯ͠·ͬͨɽͦΕͰɼΘΕΘΕ͸ݪஶʢΘΕΘΕͷ࠷ॳͷఆࣜԽ͕࣌ͷࢼ࿅ʹΑ͘଱

͑ͯ͘Εͨ͜ͱΛތΓʹ͍ͯͬࢥΔʣʹɼ֤ষ຤ͷ෇࿥΁ͷՃචͱେม೤৺ͳֶੜ͕ٻΊΔઌͷ

ಡΈ΋ͷ΁ͷҊ಺ͷͨΊͷଟ͘ͷߟࢀจݙͷૠೖΛؚΊͨɼඞཁ࠷௿ݶͷมߋΛՃ͑Δ͚ͩͰ

ຬ଍ͤ͟ΔΛಘͳ͔ͬͨɽ·ͨɼ163Χॴ΄ͲͷޡΓ΋గਖ਼͓͍ͯͨ͠ɽ

͜ͷୈ 2൛Λग़൛͢Δ͜ͱΛಉҙ͍͍ͯͨͩͨ͠ग़൛ࣾAlice and Klaus Petersʹँײਃ͠

্͛Δɽ൴Βͷେ͖ͳݧܦͱɼ༗ೳͰྗڠతͳελοϑɼಛʹ Sarah Gillisࢯͱ Kathryn Maier

ຯڵʹΓ͠Εͳ͍΄ͲॏཁͰ͋ͬͨɽ·ͨ΋ͪΖΜɼ͜ͷओ୊ܭͯͬͨ͋ʹ࡞͸͜ͷຊͷ੡ࢯ

Λ΋ͬͨٸ଎ʹ਺Λ૿͍ͯ͠Δਓʑ͔ΒΘΕΘΕ͸ԸܙΛड͚͍ͯΔɽ΋͠ɼ୭͔Ұਓͷ໊Λ

্͛ΑͱݴΘΕͯ΋ɼ100ਓ͸্͛ͳ͍Θ͚ʹ͸͍͔ͳ͍ͩΖ͏ ݙจߟࢀͷޙ࠷Ҿ΍֤ষͷࡧ

Λ։͍͍͖͍ͯͨͩͨͯݟɽख࢝Ίʹɼ“Games of No Chance”Λͯ͠ࢼΈͯ΄͍͠ɽ͜Ε͸

਺೥લʹΘΕΘΕ͕։ͨ͠࠵ϫʔΫγϣοϓͷຊͰ͋Δɽ·ͨɼͦͷ࣍ͷ “More Games of No

Chance”΋ͯݟ΄͍͠ɽ͜Ε͸ࠓ೥ͷॳΊʹ։͔ΕͨϫʔΫγϣοϓΛه࿥͍ͯ͠Δɽ

Elwyn Berlekamp, University of California, Berkeley

John Conway, Princeton University

Richard Guy, The University of Calgary, Canada

November 3, 2000

v
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·͕͖͑

ຊʹʮ·͕͖͑ʯ͸ඞཁͩΖ͏͔ʁ 15೥ؒͷંࠎΓͷ͋ͱɼ3ਓͷ࠽ೳ͋Δஶऀ͕ͨͪٴݴ

͠ͳ͚Ε͹ͳΒͳ͍͜ͱ͕ଟʑ͋Δɽຊ԰ͷϒϥ΢βʔʹग़͍ͯΔ “ͦ͏Ͱ͢ɼ͜Ε͕ͦ͋͜ͳ

ͨͷཉ͔ͬͨ͠ຊͰ͢”ͱ͍͏͜ͱΛΘΕΘΕ͸࠶อূͰ͖Δɽ͜ͷຊͷͳ͔ʹ͸Կ͕ॻ͍ͯ͋

Δͷ͔͙͢ʹ஌Γ͍ͨ͋ͳͨ͸ຊจ 2ϖʔδ΁͍͔޲ͳ͍͞ɽͦ͏͢Ε͹ɼୈ ɼୈר1 ɼୈר2

ɼୈר3 ΁ͱ͋ͳͨΛಋ͍ͯ͘ΕΔͩΖ͏ɽר4

΄΅ 1000ϖʔδʹ΋ͳΔ৘ใ͕٧Ίࠐ·ΕͨຊΛԡ͠෼͚ਐΉࣄ࢓ʹ௚໘͍ͯ͠Δࠪಡऀ

ʹɼ͜ͷຊࣗ਎ཱ͕ͭͯͬڌଟ͘ͷิॿఆཧͷ֩৺Λࣔ͢͜ͱʹΑΓɼ͋Δछͷ؆ܿͰཁΛಘͨ

൷൑ਫ਼ਆΛΘΕΘΕ͸༩͑Δ͜ͱ͕Ͱ͖Δɽ͜ͷຊ͸ඦՊࣄయͰ͸ͳ͍ɽඦՊࣄయతͰ͸͋Δ

͕ɼͦΕͰ΋࠾Γ্͍͛ͯͳ͍ଟ͘ͷήʔϜ͕͋Γɼࣄయͱͯ͠ཁ͞ٻΕΔ׬શੑ͸ຬ͍ͨͯ͠

ͳ͍ɽ͜ͷຊ͸ָޘ਺ֶʹؔ͢ΔຊͰ͸ͳ͍ɽͱ͍͏ͷ͸ɼதʹඇৗʹଟ͘ͷਅ໘໨ͳ਺ֶΛ

ؚΜͰ͍Δ͔ΒͩɽҰํɼΘΕΘΕͷઌਓɼRouse Ball, Dudeney, Martin Gardner, Kraitchik,

Sam Loyd, Lucas, Tom O’Beirne ΍ Fred. Schuͱಉ༷ʹɼΘΕΘΕʹͱͬͯ͸ɼ਺ֶͦΕࣗ਎

ͳͷͩɽ͜ͷຊ͸େֶੜ༻ͷςΩετͰ͸ͳ͍ɽͱ͍͏ͷ͸ɼ࢝Ίʹ΍͍͞͠໰୊͕ฒָޘ͕

Ϳͱ͍ͬͨ૊৫ཱͬͨܗͰԋश໰୊͕ߏ੒͞Ε͍ͯͳ͍͔Βͩɽͱ͸͍͑ԋश໰୊͕͋Δʹ͸

͋Γɼ·ͨɼ163ͷޡΓ΋ͦͷ··ʹ͋ͯ͠࢒Δ1)ɽ͜ͷ͜ͱ͸ಡऀʹͱͬͯࢀՃͷػձΛे෼

༩͑ͯ͘ΕΑ͏ɽͦΕͰɼ਎ΛҾ͍ͯ͑ߏɼͦ͏ʹ͸ҧ͍ͳ͍͕ͳΔ΄Ͳܳज़࡞඼ͩɼͳͲͱײ

୰͍ͯ͠Δ͚ͩʹ͸ͳΒͳ͍Α͏ʹɽ͜ͷຊ͸େֶӃੜ༻ͷςΩετͰ͸ͳ͍ɽ͜ͷຊ͸ߴՁ

͗͢Δ͠ɼӃੜֶ͕Ϳ͜ͱΛظ଴͞Ε͍ͯΔ͜ͱΑΓͣͬͱଟ͘ΛؚΜͰ͍Δɽ͔͠͠ɼ͜ͷຊ

͸૊߹ͤ࿦తήʔϜཧ࿦ͷ࠷લઢ΁͋ͳͨΛ༠͍ɼଟ͘ͷະղܾͷ໰୊͕৽͍͠ൃݟΛܹࢗ͢

ΔͩΖ͏ɽ

ΘΕΘΕ͸ୈ 1ষͷද୊ʹؔͯ͠Patrick Browne͢ँײʹࢯΔɽ͜Ε͸௕͍ؒɼΘΕΘΕΛ

೰·ͨ͠ͷͰ͋Δɽ͋Δேେֶ΁ͯͬ޲า͍͍ͯͨͱ͖ɼJohnͱRichard͸ “Ͳͬͪͷউͪʁ

(Whose game?)” Λ͕͍͍ͨͭࢥɼൃԻ͚ͩͰ͸௲Γ͕ఆ·Βͳ͍͜ͱʹ͍͕ͨͭؾʢӳޠʹ͸

3ͭͷ hooze ͕͋Δ2)ʣɼͦΕͰɼςΩετͷ ໨ͷߦ1 δϣʔΫͱͳͬͨ3)ɽ͢΂ͯͷδϣʔߦ1

Ϋɼ59ͷࢲతδϣʔΫʢΘΕΘΕͷ஀ੜ೔͕ͦΕͧΕ͜ͷຊͰෳ਺ճ͸ݱΕΔʣʹ͑ͯͬ͞ݶ

΋ɼͦΕΒΛઆ໌͢Δ༨༟͸ͳ͍ɽ

Omarʢ೤৺ͳಡऀʣ͸δϣʔΫͱͯ͠ग़ൃ͕ͨ͠ɼ͙͢ʹKimberly Kingͱͯ͠ମ͢ݱΔ

͜ͱʹͳͬͨɽ·ͨɼLouise Guy͸ߍਖ਼ۀ࡞Λͯͬ͘ߦΕ͕ͨɼ൴ঁͷ࠷େͷݙߩ͸ΘΕΘ

1) ༁஫ɿݪஶॳ൛͸΋ͬͱଟ͘ͷޡΓΛؚΜͰ͍ͨɽຊॻͰ͸ޡ͍͕ͨͭؾΓ͸ྗۃగਖ਼͍ͯ͠Δɽ
2) ༁஫ɿݪஶͰ͸ hooze͸ toozeͱޡ২͞Ε͍͕ͯͨɼ͜Ε΋ 163͋Δͱ͍͏์ஔ͞ΕͨޡΓͷ 1ͭͰ͔͋ͬͨ΋͠Εͳ͍ɽ

3ͭͱ͸whose, who’s(who is), who’s(who has)ͷ͜ͱͰ͋Δɽ
3) ༁஫ɿݪஶͷWho’s game?ͱ͸ʮͩΕ͔௅ઓͯ͠Έͳ͍͔ʯͷҙɽ

vii
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viii ·͕͖͑ ♠

Ε 3ਓ͕Կճ͔ͷػձʹҰॹʹ͢ۀ࡞Δ͜ͱΛՄೳʹͯ͘͠Εͨ৺ͷ͜΋ͬͨ઀଴Ͱ͋ͬͨɽ

Louise͸·ͨɼଟ͘ͷ͕ߘݪKaren McDermid ͱ Betty TeareʹΑͬͯ࡞੒͞Εͨ͋ͱɼٕज़

λΠϓΛଧͬͯ͘Εͨɽ

಺༰ʹର͢Δଟ͘ͷݙߩʹର͢ΔΘΕΘΕͷँײ͸ࡧҾͷதͷ໊લͷ਺ͰܭΔ͜ͱ΋Ͱ͖

Α͏ɽਅʹެਖ਼Λ͢ظΔͱ͢Δͱ΋ͬͱͣͬͱଟ͘ͷࢴ໘Λཁ͢Δ͜ͱͱͳΔͩΖ͏ɽ͜͜

ʹิॿऀͷཁ໿͞ΕͨϦετΛ͛ڍΔɿRichard Austin, Clive Bach, John Beasley, Aviezri

Fraenkel, David Fremlin, Solomon Golomb, Steve Grantham, Mike Guy, Dean Hickerson,

Hendrik Lenstra, Richard Nowakowski, Anne Scott, David Seal, John Selfridge, Cedric Smith

ͱ Steve Tschantz.

͜ͷຊͷอূ͞Εͨ੒ޭʹ͍ͭͯͷগͳ͔Β͵ཧ༝͸ɼLen CegielkaͷതֶͰɼ޷ҙతͳࢦ

ಋͱஶऀୡͷบͷ͋Δಛҟମ࣭ʹॱԠͯ͘͠ΕͨAcademic Pressͱ Page Bros.ͷελοϑͷ

ҙཉʹΑ͍ͬͯΔɽ͜ͷஶऀୡͱ͍͑͹ɼ͋ΒΏΔػձΛଊ͑ͯɼจ๏Λमਖ਼ͨ͠ΓɼҙຯΛͶ

ΓɼͭͮΓํΛม͑ͨΓɼ఻౷తͳॻମʹจ۟Λ͚ͭͨΓɼ͸ͯͨͬޡΓɼ۟ಡ఺Λͨ͛ۂ͡

͸ɼѱ;͚͟ͷͩ͡ΌΕ΍಺ʑͷδϣʔΫ·Ͱ͢Δ࿈தͳͷͩɽ

தɼRichard’sؒظͷฤूߘݪऴ࠷ Resident FellowshipʹΑΓԉॿͯͩͬͨ͘͠͞ΧϧΨϦʔ

େֶͷ Isaak Walton Killam ɼΘΕΘΕͷΑ͏ʹԕ͘͸ͳΕͯ฻Β͢ऀ͕ͨͪ௨͠ँײʹஂࡒ

ৗ͞ڐΕΔΑΓ΋΋ͬͱසൟʹElwyn ͱ John ͕ Richard Λ๚໰Ͱ͖Δ͜ͱΛՄೳʹͯ͘͠Ε

ͨަ෇ۚʹର͠ɼΧφμͷNational (Science & Engineering) Research Councilʹ͍ͨ͠ँײ

·͢ɽ

ͦͯ͠ɼ͋Γ͕ͱ͏ɼSimonʂ

University of California, Berkeley, CA 94720 Elwyn Berlekamp

University of Cambridge, England, CB2 1SB John H. Conway

University of Calgary, Canada, T2N 1N4 Richard Guy

November 1981
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༁ऀ·͕͖͑

ɹࠓΛڈΔ 30਺೥લɼϋϯΨϦʔ͔Βେ੾ʹ࣋ͪͨͬؼ৘ใཧ࿦ͷ Imre Cziszár ͱ János

Körner ʹΑΔ࠷৽ͷ࿑࡞ “Information Theory: Coding Theorems for Discrete Memoryless

Systems” ͷλΠϓҹߘݪ࡮ͷूதಡഁηϛφʔʢ஍ࠈͷശࠜ߹॓ͱ΋ݴΘΕ͍ͯͨʣͷ͋Δ

೔ɼ༁ऀͷ 1ਓ͕࣋ͪࠐΜͩ৽ץॻ͕ʰ਺ֶήʔϜඞউ๏ʱͷ ΒͳΔॳ൛ຊͰ͋ͬͨɽ͔͜ר2

ͷຊͷஶऀͷ 1ਓ͕ɼΘΕΘΕͷଐ͢Δ৘ใཧ࿦ͷੈքͰ͸͋·Γʹ໊ߴͳBerlekampࢯͰ͋

Δ͜ͱʹͼͬ͘Γ͠ɼ·ͨɼϥΠϑήʔϜɼ௒࣮਺ͷൃҊऀͱ໊͍ͯ͠ߴ਺ֶऀɼػࢉܭՊֶऀ

Conway ୅ͷ਺ֶքͷཱ໾ऀͨݱ΋໊Λ࿈Ͷͨࢯͷ໊ͱͱ΋ʹɼήʔϜཧ࿦Ͱ஌ΒΕͨGuyࢯ

ͪͷ৫Γͳͨ͠ຊʹڵຯ௡ʑͰ͋ͬͨɽ͜Μͳ໘നͦ͏ͳຊ͸͙͢ʹ୭͔͕༁͢͜ͱʹͳΔΑ

Ͷͱ͍͏ͷ͕ΘΕΘΕͷڞ௨ͷݟղͰ͋ͬͨɽͦͷࠒɼ৘ใཧ࿦ͷڀݚʹରͯ͠͸Α͘ʮԿͷ

໾ʹཱͭͷ͔ʯͳͲͱ͍͏ٙ໰Λ౤͔͚͛ΒΕΔ͜ͱ͕͠͹͠͹Ͱ͋ͬͨɽ৘ใͷຊ࣭ʹഭΔ

ςʔϚࣗ਎ʹʮ໘ന͞ʯΛΘΕΘΕ͸͍͍ͯͯͩ͠ݟɼͦͷ༗༻ੑͳͲʹ͸Կͷؔ৺΋๊͔ͳ

͔ͬͨɽͱ͍͏͔ɼຊ࣭తʹʮ໘ന͍ʯ΋ͷ͸ඞͣਓؒʹͱͬͯҙຯ͋ΔਐาΛ΋ͨΒͯ͘͠Ε

Δͱ৴͍ͯͨ͡ɽࡏݱͰ͸ɼ৘ใ௨৴Λઐ໳ͱ͢ΔऀڀݚͰ͋Ε͹ɼ৘ใཧ࿦͸Կͷ໾ʹཱͭ

ͷ͔ͳͲͱޱʹ͢Δͷ͸ࣗ෼ͷෆษڧΛനঢ়͍ͯ͠ΔΑ͏ͳ΋ͷͱͳ͍ͬͯΔɽ͔͠͠ͳ͕Βɼ

͍͘Βͨͬͯ΋͜ͷຊͷ຋༁ॻ͕ݱΕͳ͍ɽͦͷ͏ͪɼཱڞग़൛͔ΒBerlekampࢯͷۙ͘Ͱݚ

Λ΋ͭΘΕΘΕ༁ऀͷݧܦͷڀ 1ਓʹ຋༁ͷ࿩͕෣͍ࠐΜͰདྷͨͷͰ͋ͬͨɽʮ໘ന͍ʯຊʹ͸

ҧ͍ͳ͍͕ʮख͍ڧʯຊͰ΋͋Δ͜ͱ͸͔֬ͰɼҎલʹ຋༁Λखֻ͚Α͏ͱͨ͠ਓ΋͍ͨΒ͍͠

ͷ͕ͩஅ೦ͨ͠ͷͩͱฉ͘ɽҎલʹ๊͍͍ͯͨڵຯ΋ख఻ͬͯग़൛ࣾͷґཔΛ͍ܰͪ࣋ؾͰҾ

͖ड͚ͯɼ೔ຊͷ৘ใཧ࿦ɼ৘ใ௨৴ηΩϡϦςΟͷढ़ӳΛूΊͯۀ࡞Λ։࢝ͨ͠ͷͰ͋ͬͨɽ

͜͜ʹऔΓ্͛ΒΕ͍ͯΔ૊߹ͤ࿦తήʔϜͷൣғ͸ඇৗʹଟذʹΘͨΓɼ೔ຊͰ΋ඇৗʹ

ϙϐϡϥʔͳήʔϜ΋͋Δ͕ɼͦ͏Ͱ͸ͳ͍ڵຯਂ͍ήʔϜ΋ଟ਺ؚ·Ε͍ͯΔɽήʔϜͷہ

໘ΛධՁ͢Δ࢐৽ͳ֓೦͕਺ଟ͘ಋೖ͞Ε͍ͯΔͷͰɼͦΕΒΛཧղ͢Δʹ͸͔ͳΓͷྗΛඞ

ཁͱ͢Δ͔΋͠Εͳ͍ɽ͔͠͠ɼ͜Ε·Ͱग़ձͬͨ͜ͱͷͳ͍৽͍͠ํ͑ߟΛཧղ͢ΔͨΊͷ

౒ྗ͸ඞͣใΘΕΔͱ͖͕͘ΔͱࢥΘΕΔɽஶऀͨͪ͸ಡऀͷͦͷΑ͏ͳ౒ྗΛ௅ൃ͍ͯ͠Δ

;͕͋͠Δɽ

͜ͷຊʹ͸ஶऀͨͪͷ༡ͼ৺͕ਵॴʹݱΕΔɽᔬམɼବᔬམɼจԽతૉཆɼӳ͔ͩޠΒදݱͰ

͖Δݴ༿༡ͼɼ͜ΕΒʹΑͬͯ೔ຊޠ༁ʹ͢Δͱ͖ͷࠔ೉͞ʹ௚໘͢Δ͜ͱʹͳΔɽ͞Βʹɼ୯

਺ෳ਺ͷҧ͍Λ೔ຊޠͰ఻͑Δ͜ͱͷ೉͠͞ʹՃ͑ɼඍົͳχϡΞϯεͷҧ͍ΛͲ͏ද͢ݱ΂

͖͔ͳͲɼ௨ৗͷཧֶ޻ॻͷ຋༁ͱ͸֨ஈʹϨϕϧͷҟͳΔۀ࡞ɼ·ͨจֶॻͱ΋ҟͳΔ͞ີݫ

΋఻͑Ͷ͹ͳΒͳ͍ۀ࡞͸౰ॳͷ༧૝Λང͔ʹ௒͍͑ͯͨɽݪஶऀͨͪ΋ཧղ͍ͯ͠ΔΑ͏ʹɼ

ӳޠͷݴ༿༡ͼ͸গͳ͍ྫ֎Λআ͍ͯɼ຋༁ෆՄೳͳ΋ͷ͕ͨ͘͞Μ͋ΔɽݪஶΛ຋༁ͨ͠ΓՃ
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x ༁ऀ·͕͖͑ ♠

গ͢Δ΋ͷͰ͋Δͱ͍͏৘ใཧ࿦ͷ৘ใॲཧఆཧ͔Β͢Εݮͷ৘ใྔ͸ݩΓ͢Ε͹ඞͣͨ͠޻

͹ɼͲΜͳஶ࡞΋ͦͷݪయʹ໭ͬͯಡΉͷ͕࠷ળͰ͋Δͱ͍͏ͷ͕༁ऀͨͪͷҙݟͰ͋Δɽͦ

ΕͰ΋ͳ͓ΘΕΘΕ͕͜ͷ຋༁ΛҾ͖ड͚ͨͷ͸ͳ͔ͥͱ͑ݴ͹ɼݮগ͞Εͨ৘ใྔͰ͸͋ͬ

ͯ΋͜ͷຊ͔Βܹ͍ࢗڧΛड͚ͯ৽͍͠؍఺ΛࣗΒಡΈऔΓɼح޷৺Λཱ͔͖ͯͯݪஶऀͨͪ

΋͔ͮؾͳ͔ͬͨ੒ՌΛ෇͚Ճ͑ΔͳͲͱ͍͏ݙߩ΋͋ΔͩΖ͏ͱظ଴͔ͨ͠ΒͰ͋ͬͨɽ

͜ͷ຋༁ͷաఔͰ͸ɼݪஶऀͨͪ΋͔ͮؾͳ͔ͬͨޡΓͳͲ΋਺ଟ͘ൃ͠ݟɼͦΕΒ΋೔ຊޠ

༁Ͱ͸मਖ਼ͯ͠ޡղΛղ͘Α͏ʹ౒ྗΛॏͶͨɽݪஶऀͷ Elwyn Berlekamp ,ࢯ John Conway

,ࢯ Richard Guy ΁͸ΘΕΘΕͷٙ໰ɼ࣭໰Λ౤͔͚͛ͯɼద੾ͳฦ౴Λ௖͍ͨɽ͞Βʹɼࢯ

Richard Guy ΓͷϦετ΋ૹͬͯ௖͍ͨɽͦΕͰ΋ղܾ͠ͳ͔ͬͨޡஶʹؚ·ΕΔݪΒ͸͔ࢯ

ٙ໰ʹରͯ͠͸ɼThane Plambeck ͱࢯ Aaron Siegel ղͷޡΒͷద੾ͳίϝϯτΛ௖͖ɼ͔ࢯ

গͳ͍຋༁ʹ͍ۙͮͨ΋ͷͱࣗෛ͍ͯ͠Δɽ͜ͷྺ࢙త໊ஶͷ຋༁ॻग़൛ʹ͋ͨΓɼ͜ΕΒͷ

ํʑ΁͢ँײΔɽ·ͨɼద੾ͳ༁ͷͨΊͷݕ౼ʹ͔ͳΓͷ࣌ؒΛ͔͚ͨͱ͸͍͑ɼͦΕͰ΋ͳ͓

க͍ͨ͠ɽ͍ئ༰ͷ΄ͲΛΑΖ͓͘͠׮͸͝ʹࢯΘΕΔ͕ɼಡऀॾࢥΉͱࠐ༁ͳͲ͕ฆΕޡΔ࢒

ͳ͓ɼຊॻͷӳ໊ޠ “Winning Ways for Your Mathematical Plays” ͔Βɼ͍Ζ͍Ζͳݸʑͷ

਺ֶతήʔϜʹର͢ΔඞউઓུΛत͚ͯ͘ΕΔ΋ͷͱࢥΘΕΔ͔΋஌Εͳ͍͕ɼࢹ͍ߴ໺͔Β

૊߹ͤ࿦తήʔϜΛͱΒ͍͑ͯΔͨΊઓུ͕ந৅తʹද͞ݱΕ͍ͯΔ͜ͱ͕ଟ͍ɽ۩ମతͳઓ

ུ͸ຊॻΛͬ͘͡ΓಡΈࠐΜͰɼಡऀࣗ਎Ͱ͔ͭΈऔΓɼඞউϓϩάϥϜͳͲΛ։ൃͯ͠ཧղΛ

ਂΊͯ௖͖͍ͨɽ

·ͨɼӳޠ൛ݪॻʹ͞ࡌܝΕ͍ͯΔஶऀͨͪͷ͍ࢥೖΕͷ͍ڧਤͷଟ͘͸खॻ͖ӳจࣈͳͲ

΋ؚΜͰ͍ΔͷͰ೔ຊޠ൛ͱͯ͠ਤΛߏ࠶੒ͨ͠Γɼ࢖ΘΕ͍ͯΔ֤छͷಛघͳԤจϑΥϯτ

ͷ࿨จϑΥϯτ΁ͷೖΕସ͑ۀ࡞ͳͲཱڞग़൛ͷํʑͷେมͳ౒ྗʹ΋͠ँײͳ͚Ε͹ͳΒͳ

͍ɽಛʹɼཱڞग़൛ฤू෦ͷੴҪప໵ࢯͷฒʑͳΒ͵͜ͷग़൛΁ͷ೤ҙ͕ɼΘΕΘΕͷͱ΋͢Ε

͹ଵଦͳͪ࣋ؾΛҾ͖కΊͯɼΑ͏΍͘଴ͪ๬·Ε͍ͯͨ೔ຊޠ൛Λ͢ߦץΔ͜ͱ͕Ͱ͖ͨɽ

ͳ͓ɼݪஶऀͷҙਤΛग़དྷΔݶΓଛͳΘͳ͍Α͏ྗۃɼ༁ऀ஫͸ආ͚Δ͜ͱʹͨ͠ɽͦΕΛิ͏

ҙຯͰΘΕΘΕ͸ʮ຋༁ϊʔτʯΛཱڞग़൛ͷWebαΠτ www.kyoritsu-pub.co.jp/bookdetail/

9784320111349 Λ։ઃͯ͠ɼಡऀͷཧղ΁ͷҰॿͱͨ͠ͷͰߟࢀͱͯ͠௖͖͍ͨɽ·ͨɼஶऀ

Βͷ·͕͖͑ʹ΋͋ΔΑ͏ʹɼJohn Conwayͷஶॻ “On Numbers and Games” ͸͜ͷຊͷग़

ൃ఺Ͱ΋͋Γɼ਺ʹ͍ͭͯͷਂ͍͔࡯ߟΒൃలͨ͠ήʔϜͷ֓೦΁ࢸΔوॏͳΞΠσΞ͕ͪΓ

͹ΊΒΕ͍ͯΔɽ͜ͷຊͷதͰূ໌ͳ͠ʹड़΂ΒΕ͍ͯΔࣄฑʹͳͥͩΖ͏͔ͱٙ໰Λ΋ͨΕ

Δಡऀ͸͜ͷONAGɼͳΒͼʹɼ೔ຊޠ຋༁൛΁ͷ·͕͖͑ʹ΋͛ڍΒΕ͍ͯΔߟࢀॻʹ΋௅

ઓͯ͠௖͖͍ͨɽಛʹɼ Aaron Siegel ͷۙ೥ग़൛͞Εͨஶॻ “Combinatorial Game Theory”

͸ʰ਺ֶήʔϜඞউ๏ʱʹಋೖ͞Ε͍ͨΖ͍Ζͳ֓೦ͷਖ਼͍͠ཧղͷͨΊʹ͸͔ܽͤͳ͍ຊͰ

͋Δɽ

͋͞ɼଘ෼ʹָ͠ΜͰ͍ͩ͘͞!!!

2016೥ 10݄

༁ऀ୅ද

খྛɹޗۍ
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