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Abstract: To clarify connections between social media data and financial market data, we studied

the quantitative evaluations of relations between time series of word appearances on Japanese blogs

and those of stock prices. In particular, we proposed the method of comparison of some correlation

indices such as the Spearman’s rank correlation coefficient, based on the man-made related stock

information. We found that the Spearman’s rank correlation coefficients over time series of 562

keywords can hardly pick the correct combinations of related stocks out the pool of more than

3,000 stocks on the Tokyo Stock Exchange. However, we show that the composite correlation

indicators, which reflect multiple features of the time series, can pick the correct stocks up to a

certain level of statically significantɽ

1 ͸͡Ίʹ

ۙ೥ɼιʔγϟϧϝσΟΞσʔλ͸ɼҰൠͷফඅऀ΍
ࣾձͷ੠Λ୅ද͢Δ΋ͷͱͯ͠ɼϚʔέςΟϯά΍બڍɼ
ใಓͳͲ༷ʑͳ෼໺Ͱར༻͞Ε͸͡Ί͍ͯΔɽιʔγϟ
ϧϝσΟΞΛར༻͢Δ͜ͱͰɼۚ༥ؔ܎Ͱ΋ɼχϡʔ
εʹର͢ΔҰൠࣾձͷ൓Ԡ΍ͦͷ࢒ଘؒظɼ௕ظతͳ
ਓʑͷؔ৺ͷมԽ΍ϒʔϜͷಈ޲ɼωοτԌ্ͷૣظͷ
ΘΕͯ࢖Ͱ܎஌ɼ࣌୅ͷϜʔυͳͲ͜Ε·Ͱۚ༥ؔݕ
͍ͨ৘ใݯͰ͸ಘΒΕͳ͔ͬͨ༗༻ͳ৘ใΛಘΒΕΔ
Մೳੑ͕͋Δ [1, 2]ɽͦ͜ͰɼຊڀݚͰ͸ɼιʔγϟϧ
ϝσΟΞͱۚ༥ʹؔ͢ΔڀݚͷୈҰาͱͯ͠ɼϒϩά
্ͷ୯ޠͷग़ݱස౓࣌ྻܥͱגՁ౳ͷۚ༥࣌ྻܥͷؔ
ɽಛʹɼৄ͏ߦΛڀݚ͍ͯͭʹͱͦͷධՁͷख๏ੑ܎
ͳղੳΛ͓͜ͳ͏લॲཧͱͯ͠ɼଟ͘ͷΩʔϫʔυࡉ
ͱגՁͷ૊Έ߹Θ͔ͤΒɼॻ͖ࠐΈස౓࣌ྻܥͱגՁ
σʔλʢऔҾྔσʔλ΋ؚΉʣͷΈΛར༻ͯ͠ɼΩʔ
ϫʔυͱͦͷΩʔϫʔυͱ͕ؔ͋ੑ܎Δ໏ฑͷ૊Έ߹
ΘͤΛߜΓࠐΉํ๏ͷఏҊΛ͏ߦɽ
ຊߘͰ͸ɼ·ͣɼڀݚͷର৅ͷσʔλɼࠓճ஫໨͢
Δؔੑ܎ͷఆٛͱͦͷؔੑ܎ͷධՁ౳ͷղੳํ๏ʹͭ
͍ͯड़΂Δɽ࣍ʹɼσʔλղੳͷ݁Ռͱͯ͠ɼ౷ܭత
ʹ༗ҙʹϒϩάσʔλͱגՁσʔλ͕͍ؔͯ͠܎Δ͜
ͱɼఏҊख๏Λ༻͍Δ͜ͱͰ༷ʑͳ૬ؔࢦඪΛܥ౷త
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2 ఏҊํ๏

2.1 ର৅ͷσʔλڀݚ

ຊڀݚͰ͸ɼιʔγϟϧϝσΟΞͱۚ༥ࢢ৔σʔλ
ͷڀݚͷୈҰาͱͯ͠ɼͦΕΒͷ࣌ྻܥͷ৘ใͱͯ͠
ͱྻܥຊతͳ৘ใͰ͋ΔɼϒϩάΩʔϫʔυ࣌ج΋࠷
্৔ۀاͷגՁͱऔҾྔͷσʔλΛѻ͏ɽ͜͜Ͱ͸ɼ
ʮϒϩάΩʔϫʔυ࣌ྻܥʢΩʔϫʔυ࣌ྻܥʣʯͱ
͸ɼ͋Δ೔ʹͪʹॻ͖ࠐ·ΕΔಛఆͷΩʔϫʔυΛؚ
Ή೔ຊதͷϒϩάͷ݅਺ͷ࣌ྻܥͰ͋ΔɽϒϩάΩʔ
ϫʔυ࣌ྻܥ͸ϗοτϦϯΫࣾͷޱίϛ܎௕̖̥̞αʔ
Ϗε͔Βऔಘͨ͠ɽޱίϛ܎௕̖̥̞αʔϏεΛ༻͍
Δ͜ͱͰɼ೚ҙͷΩʔϫʔυͷɼ2006೥ 11݄ 1೔͔
ΒࡏݱʢຊڀݚͰ͸ 2012೥ 9݄·ͰͷσʔλΛ༻͍
ͨʣ·ͰͷΩʔϫʔυ࣌ྻܥɼϙδςΟϒͳݴ༿Λؚ
Ήݶʹࣄهఆͨ͠Ωʔϫʔυ࣌ྻܥɼ·ͨɼωΨςΟ
ϒͳݴ༿ΛؚΉݶʹࣄهఆͨ͠Ωʔϫʔυ࣌ྻܥΛऔ
ಘͰ͖Δɽ·ͨɼαʔϏεʹؚ·ΕΔεύϜϑΟϧλ
Λ༻͍Δ͜ͱͰɼࠂ޿౳ͷεύϜϒϩάΛআ͢ڈΔ͜
ͱ͕Ͱ͖ΔʢຊڀݚͰ͸ɼεύϜϑΟϧλʹΑΓɼε
ύϜϒϩάআޙڈͷΩʔϫʔυ࣌ྻܥʹ͍ͭͯղੳ
Λ͍ͯͬߦΔʣɽಉؒظͷגՁσʔλʹ͍ͭͯ͸ɼג
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Ձσʔλ૔ݿ (http://www.geocities.co.jp/WallStreet-

Stock/9256/data.html)͔Βऔಘͨ͠ɽຊڀݚͰ͸ɼג
Ձ࣌ྻܥ͸ࢢ৔શମͷಈ͖ͷޮՌΛআ͢ڈΔͨΊʢΩʔ
ϫʔυͷޮՌΛ໌֬ʹ͢ΔͨΊʣɼגՁΛ೔ܦฏۉʹ΄
΅ରԠ͢Δ࣌ྻܥʢ۩ମతʹ͸ɼ؍ଌؒظதͷ͢΂ͯ
ͷ೔ʹͪͰ஋Λ΋ͭ໏ฑ܈ʹ͍ͭͯɼ֤໏ฑͷ؍ଌظ
ؒͷฏגۉՁͰআͨ͠ࢉʮ֨نԽͨ͠໏ฑͷגՁʯΛ
ؔ͢ʹՁʯͷ໏ฑגԽͨ͠໏ฑͷ֨نɼͦͷʮ͠ࢉܭ
Δதԝ஋Λ֤೔ʹͪ͝ͱʹͱͬͨ࣌ྻܥʣͰআͨ͠ࢉ
΋ͷͱ͢Δ. ·ͨɼޱίϛ࣌ྻܥ͸ɼϒϩΨʔ਺ͷ૿
ۉΛʢฏྻܥΔͨΊɼΩʔϫʔυ࣌͢ڈͷޮՌΛআݮ
̍ʹεέʔϧԽͨ͠ʣ؍ଌͨ͠ϒϩάͷ૯਺Ͱআͨ͠
ܥԽͨ࣌֨͠نΛ༻͍Δɽ͜ΕҎ߱ɼ͜ΕΒͷྻܥ࣌
ྻΛ୯ʹɼגՁ࣌ྻܥɼޱίϛ࣌ྻܥͱݺͿɽࣜגͷ
औҾ਺͸ࢢ৔શମͷޮՌ͸͋·ΓΈΒΕͳ͔ͬͨͷͰɼ
͜ͷΑ͏ͳ֨نԽΛ͓͜ͳΘͣੜͷ࣌ྻܥΛ༻͍ͨɽ

2.2 ؔ࿈ੑͱؔ࿈ੑͷࢦඪͷධՁ

ੑ܎ͷؔྻܥ৘ใͱϒϩά݅਺ͷ࣌ࣜג ຊڀݚͰ͸ɼ
ιʔγϟϧϝσΟΞ࣌ྻܥͱࣜג৘ใ࣌ྻܥͷؒʹͳ
ΜΒ͔ͷ͕ؔ͋ੑ܎Δ֖વੑͷ͞ߴΛఆྔతʹධՁ͢
Δํ๏Λ։ൃ͢Δ͜ͱΛ໨తͱ͍ͯ͠Δɽಛʹɼຊݚ
ߏػΛൃੜͤ͞Δྻܥͱ͸ɼ̎ͭͷ࣌ੑ܎Ͱ͍͏ؔڀ
ʹͳΜΒ͔ͷҼՌ͕ؔ܎ଘ͢ࡏΔ͜ͱͱ͑ߟΔ͜ͱʹ
͢Δɽྫ͑͹ɼʮΠϯϑϧΤϯβ͕େྲྀ͠ߦɼϚεΫا
ࢿʢણҡϝʔΧʔʣͷച্͕૿͢͜ͱΛ༧ଌͨ͠౤ۀ
Ո͕౤ג͠ࢿՁ্͕ঢ͢Δ͜ͱʯͱʮΠϯϑϧΤϯβ
ΈࠐΑͬͯΠϯϑϧΤϯβͷϒϩά্Ͱͷॻ͖ʹߦྲྀ
਺͕૿Ճ͢Δ͜ͱʯ͸̎ͭͷ૿ՃʹΠϯϑϧΤϯβͷ
େྲྀߦͱ͍͏ڞ௨ͷݪҼ͕͋ΔͷͰɼʮϚεΫۀاʢણ
ҡϝʔΧʔʣͷגՁʯͱʮΠϯϑϧΤϯβͷΩʔϫʔυ
ΔɽҰ͑ߟΔͱ͕͋ੑ܎ؔʹྻܥʯͷ̎ͭͷ࣌ྻܥ࣌
ํɼΠϯϑϧΤϯβͷྲྀߦ͸ຖ೥݄̎͝ΖʹϐʔΫͷ
̍೥ؒͷप͕͋ظΔɼͦΕʹ൐͍ʮΠϯϑϧΤϯβʯͷ
ॻ͖ࠐΈ਺΋݄̎ʹϐʔΫ͕͋Δ೥पظΛ΋͍ͬͯΔɽ
·ͨɼʮϚοΫεόϦϡ๺ւಓʯͷΑ͏ʹ݄̎຤ʹגओ
༏଴ͷݖར֬ఆ೔͕͋Δ໏ฑ΋݄̎ʹϐʔΫΛ͔͑޲
ΔपظΛ΋ͭ͜ͱ΋ଟ͍ɽ͜ΕΒͷΩʔϫʔυ࣌ྻܥ
ͱ໏ฑͷגՁ͸࣌ྻܥͱ݄ͯ̎͠ʹϐʔΫ͋Δͱ͍͏
఺Ͱ࣌ྻܥͷܗঢ়͸ྨ͍ͯ͠ࣅΔ͕ɼͦΕΒͷؒʹຊ
࣭తͳҼՌؔ܎͸ଘ͠ࡏͳ͍ɽ͕ͨͬͯ͠ɼ͜ͷ৔߹ɼ
ʮΠϯϑϧΤϯβʯͱʮϚοΫεόϦϡ๺ւಓʯ͸ؔ܎
ੑ͕ͳ͍ͱ͑ߟΔɽຊڀݚͰ͸ɼ͚࣌ͩྻܥͷ৘ใΛ
ҙຯͰؔʹهͱ্ྻܥɼϒϩάͷΩʔϫʔυ࣌ͯͬ࢖
͑ߟցతʹநग़͢Δํ๏ΛػՁࣜ໏ฑΛגΔ͕͋ੑ܎
ΔɽΑΓ۩ମతʹ͸ɼΩʔϫʔυ࣌ྻܥͱגՁ࣌ྻܥ
ͷͻͱͭͷϖΞΛબΜͩͱ͖ʢ૬ؔ܎਺ͷΑ͏ͳʣؔ
਺Λ෇༩͢Δ͜ͱΛࢦͷ༗ແ΍େ͖͞ΛධՁ͢Δੑ܎
Δɽ͑ߟ

ඪͷධՁํ๏ࢦੑ܎ؔ ຊڀݚͰ͸ɼ͍͔ͭ͘ͷؔ܎
ͷੑ܎ՁͷؔגͱྻܥඪΛಋೖ͠ɼΩʔϫʔυ࣌ࢦੑ
ఆྔతͳධՁΛࢼΈΔɽͦ͜Ͱɼ·ͣɼಋೖ͢Δؔ܎
౷తܥඪΛࢦੑ܎ඪؒͷੑ࣭Λൺֱ͢ΔͨΊɼؔࢦੑ
ʹධՁ͢Δํ๏Λಋೖ͢Δɽ
Ωʔϫʔυͱۀاͷؔ࿈ੑ͸ɼۀاͷۀࣄ಺༰Λ೺
Ѳ͠ҰͭҰͭௐ΂Δ΂͖Ͱ͋Δʢྫ͑͹ɼWebϖʔδ
ͳͲΛࢀর͠ͳ͕Βʣɽ͔͠͠ͳ͕Βɼແ਺͋ΔΩʔ
ϫʔυͱ਺ઍ͋Δ໏ฑͱͷ૊Έ߹Θͤͷ͢΂ͯʹ͍ͭ
ʹΛௐ΂Δ͜ͱ͸ඇৗੑ܎಺༰ͱΩʔϫʔυؔۀࣄͯ
͸ͦͷ୅ΘΓͱͯ͠ɼWebͪͨࢲ೉Ͱ͋Δɽͦ͜Ͱɼࠔ

্Ͱެ։͞Ε͍ͯΔʮؔ࿈໏ฑ৘ใσʔλʯΛར༻͠
ͨɽຊڀݚͰ͸ɼ͜ͷؔ࿈໏ฑͷσʔλͱͯ͠ɼNifty

ϑΝΠφϯεͷʮ@niftyϑΝΠφϯε ΦϦδφϧςʔ
Ϛ෼ྨʯΛ༻͍ͨɽ͜͜Ͱɼʮؔ࿈໏ฑ৘ใσʔλʯͱ
͸ɼ౤ࢿͷͨΊʹɼ͋Δ౤ࢿͷςʔϚͷΩʔϫʔυͱ
ςʔϚ͝ͱʹ͔ͦ͜Β࿈૝͞ΕΔࣜג໏ฑͷ૊ʢؔ࿈
໏ฑϦετʣΛࣔͨ͠ਓखͰͨͬ࡞৘ใͰ͋Δɽ͜ͷ
৘ใΛ༻͍Δ͜ͱͰɼ࣌ྲྀͷςʔϚͱʢਓ͕ؒۀ຿಺
༰্ؔ͋܎Δͱೝ͍ࣝͯ͠ΔʣͦΕʹؔ࿈͢Δ౤ࢿ໏
ฑΛ஌Δ͜ͱ͕Ͱ͖Δɽͨͱ͑͹ɼςʔϚͱͯ͠ʮΠϯ
ϑϧΤϯβʯΛ༩͑ΒΕɼͦͷؔ࿈໏ฑͱͯ͠ɼણҡ
ϝʔΧʔͷʮμΠϫϘ΢ϗʔϧσΟϯάεʯ΍ʮγΩϘ
΢ʯ͕༩͑ΒΕΔɽNiftyϑΝΠφϯεͷؔ࿈໏ฑ৘ใ
σʔλʹ͸ 593ςʔϚ͕ଘͨ͠ࡏ (2012೥ 9݄࣌఺)ɽ
593ςʔϚͷޱίϛ݅਺ͱશ্৔ۀاͷ͢΂ͯͷ૊

Έ߹ΘͤϖΞ͍ͭͯɼ͋Δؔ࿈ੑࢦඪ͕෇༩͞Ε͍ͯ
Δͱ͢Δɽͦͷͱ͖ɼʮࢦඪͷ஋͕ෑډ஋Ҏ্ͷϖΞͷ
͏ͪؔ࿈໏ฑϦετʹ΋ؚ·Ε͍ͯΔϖΞͷׂ߹ʯΛ
ؔ࿈ੑࢦඪͷؔੑ܎ͷநग़ೳྗͷධՁ஋ͱ͢Δɽ۩ମ
తʹ͸ɼෑډ஋Λ rͱͯ͠ɼ

q(r) =

਺͕ࢦ rҎ্͔ͭؔ࿈໏ฑϦετʹؚ·ΕΔ໏ฑ਺
਺͕ࢦ rҎ্ͷશ໏ฑ਺

(1)

Λ༻͍Δɽ·ͨɼ͜ͷྔͱϥϯμϜநग़ͱ૬ҧ͸ɼج
४ͷ֬཰ p0ͱαϯϓϧ਺ʹԠͨ͡ೋ߲ݕఆΛద༻͢Δ
͜ͱͰ p஋ͱͯ͠ଌఆͰ͖Δɽج४ͷ֬཰ p0 ͸

p0 =

ؔ࿈໏ฑʹؚ·ΕΔ໏ฑ਺ͱςʔϚͷϖΞ਺
ςʔϚ਺ͱ໏ฑͷશϖΞͷ૊Έ߹Θͤͷ਺

(2)

ͰٻΊΒΕΔɽ͜ͷྔ͸ɼ࣌ྻܥ৘ใͷΈ͔ΒಘΒΕ
ͨؔ࿈ੑࢦඪͷ஋͕Ͳͷఔ౓ਓ͕ؒ෇༩ͨؔ͠࿈ੑͱ
͍͔ۙɼͱ͍͏͜ͱʹରԠ͍ͯ͠Δɽ͜ͷྔ͕େ͖͍
΄Ͳਓؒͷ໨Ͱ෇༩ͨؔ͠࿈໏ฑʹ͍ۙͱ͍͏͜ͱΛ
ҙຯ͢Δɽ
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2.3 ؔ࿈ੑͷࢦඪ

ҎԼͷ࣌ྻܥͷؔ࿈ੑͷࢦඪΛൺֱͨ͠ɽ

• ਺܎ͷ΋ͷͷ૬ؔͦྻܥ࣌

• ശฏۉͷࠩ෼ͷ૬ؔ܎਺

• ֬཰తʹ·Εͳࣄ৅ʢҟৗ஋౳ʣͷൃੜͷಉੑظ

• ඪࢦඪΛ૊Έ߹Θͤͨࢦͷه্

ҎԼɼ্ ड़͢Δɽه͍ͯͭʹ਺ͷͦΕͧΕࢦͷؔ࿈ੑͷه

૬ؔ܎਺ ૬ؔ܎਺͸ɼ΋ͬͱ΋جຊతͳؔੑ܎ʢ࣌
܎Ͱ͸ɼ૬ؔڀݚʣͷධՁख๏Ͱ͋Δɽຊੑࣅྨྻܥ
਺ͷ͏ͪɼεϐΞιϯͷॱҐ૬ؔ܎਺Λ༻͍Δɽ͜͜
Ͱɼ࣌ྻܥ x(t)ͱ y(t) (t = 1, 2, · · · , T )ͷεϐΞϚϯ
ͷॱҐ૬ؔ܎਺͸ɼ

cor[x, y] = (3)

< (R(x)− < R(x) >) · (R(y)− < R(y) >) >√
< (R(x)− < R(x) >)2 >< (R(y)− < R(y) >)2 >

Ͱ༩͑ΒΕΔɽ͜͜ͰR(·)͸࣌ྻܥΛॱҐʹม͢׵Δ
ؔ਺Ͱ͋Δɽͨͱ͑͹ɼT = 4ͷ৔߹ɼ

x(1) = 5, x(2) = 7, x(3) = 6, x(4) = 2

ͳΒɼ

R(x(1)) = 2, R(x(2)) = 4, R(x(3)) = 3, R(x(4)) = 1

ͱͳΔɽ·ͨɼ< · >͸࣌ؒฏۉͰ͋Δɽͳ͓ɼ௨ৗ
Α͘࢖ΘΕΔϐΞιϯͷੵ཰૬ؔ܎਺Λ༻͍ͳ͍ཧ༝
͸ɼզʑͷѻ͏࣌ྻܥͰ͸ɼϐΞιϯੵ཰૬͕ؔར༻
Ͱ͖Δલఏ৚݅ʵઢܗ૬͔ؔͭ࣌ྻܥͷै͏෼෍͕ਖ਼
෼෍ʵΛඞͣ͠΋ຬͨ͞ͳ͍ͱ༧૝͞ΕΔ͔ΒͰ͋ن
Δɽͱ͜ΖͰɼ૬ؔ܎਺ʹ͸ɼແؔ܎ͳ࣌ྻܥʢͨͱ
͑͹ɼ̎ͭͷಠཱͷϥϯμϜ΢ΥʔΫʣͰ΋૬ؔ܎਺
͕େ͖͘ͳΔݱ৅ʢِ૬ؔʣ͕ݱΕͯ͠·͏ѱ͍ੑ࣭
͕஌ΒΕ͍ͯΔɽ

ϘοΫεฏۉͷࠩ෼ͷ૬ؔ܎਺ ඇఆৗ࣌ݱʹྻܥΕ
Δِ૬ؔͷ໰୊Λճආ͢ΔͨΊҰൠͷ࣌ྻܥղੳͰ͸ɼ
ͷࠩ෼ΛͱͬͯఆৗԽ͔ͯ͠Β૬ؔΛͱΔ͜ͱྻܥ࣌
͕ଟ͍ɽ͔͠͠ͳ͕Βɼϒϩά࣌ྻܥͷࠩ෼͸ɼϊΠ
ζྔ͕େ͖͘ɼࠩ෼ͷ૬ؔ܎਺͸΄ͱΜͲ̌ʹͳͬͯ
͠·͏ɽͦΕΒΛճආ͢ΔͨΊɼҎԼͷϘοΫεฏۉ
ͷࠩ෼ͷ૬ؔ܎਺ cor[δx(L), δ y(L)]Λ༻͍ͨɽ͜͜Ͱɼ
x(L)͸࣌ྻܥ x(t)ʹର͢ΔɼϘοΫεαΠζ LͷϘο
Ϋεฏۉ

x(L)(t′) =

(t′+1)L∑

j=t′L+1

x(j)/L (t′ = 1, 2, · · · , (T − 1)/L)

(4)

Ͱ͋Γɼδx(L) ͸ͦͷࠩ෼ɼδx(L)(t′) = x(L)(t′ + 1) −
x(L)(t) ɹ (t′ = 1, 2, · · · , (T − 1)/L− 1)Ͱ͋Δɽ
ϘοΫεαΠζ L͸খ͗͢͞ΔͱΏΒ͗ʹӨ͞ڹΕɼ

૬ؔ܎਺͕΄ͱΜͲ 0ʹͳͬͯ͠·͍ɼେ͖͗͢Δͱ
αϯϓϧ਺͕গͳ͘ͳΔ౳Ͱਪఆ͕ࠩޡେ͖͘ͳΔͱ
͍͏໰୊͕͋Δɽͦ͜ͰɼຊڀݚͰ͸ɼ্هͷόϥϯ
εΛͱΔͨΊɼҎԼʢฏۉ૬ؔʣΛؔࢦੑ܎ඪͱͯ͠
ɽͨ͠༺࠾

¯cor[δx,δy ; L̄] =
L̄∑

i=1

cor[δx(i), δ y(i)]/L (5)

͜͜ͰɼL̄͸ɼ࣌ྻܥ δx(L) Λ୯ҐࠜݕఆΛͨ͠ͱ͖
ʹɼL͕୯ҐࠜաఔͰ͋Δ͜ͱ͕༗ҙਫ४ 5ύʔηϯ
τͰ٫͞غΕͳ͍΋ͬͱ΋খ͍͞ LͰ͋Δɽ

ҟৗ஋ͷಉੑظ ࠩ෼૬ؔ܎਺͸࣌ؒʹؔͯ͠ϘοΫ
εฏۉΛͱΔͨΊɼ୹ظͷ࣌ؒมಈͷ৘ใ͕ࣦΘΕͯ
มԽ͕ྻܥΔɽͦ͜Ͱɼ̍೔Ͱେ͖͕࣌͋͘޲܏͏·͠
ͨ͠೔ͷಉੑظΛ͠Β΂Δ͜ͱͰɼ୹ظͷ࣌ؒมಈʹ
ؔ͢Δؔ࿈ੑΛͱΒ͑Δ͜ͱΛࢼΈΔɽ͜͜Ͱ͸ɼͦͷ
Α͏ͳ໨తͷؔੑ܎ͷࢦ਺ΛϥϯμϜ֦ࢄϞσϧΛ༻
͍ͯಋೖͨ͠ɽϥϯμϜ֦ࢄϞσϧ͸ϒϩάͷ࣌ྻܥͷ
ΏΒ͗ͷ֬཰ϞσϧͰ͋Γɼ͜ΕΛ༻͍Δ͜ͱͰχϡʔ
ε౳ͷ֎తͳཁҼ͕ͳ͍࿈ଓ͢Δ̎೔ؒͷॻ͖ࠐΈ਺
ͷࠩ෼ͷ֬཰෼෍ p(x(t+1), x(t))ΛࢉܭͰ͖Δ [3, 4]ɽ
͜ͷ͞ࢉܭΕͨ֬཰෼෍ͷର਺ log(p(x(t+1), x(t)))ͱ
ͷ঎ྻܥՁͷ࣌ג y(t+ 1)/y(t)ͷ಺ੵΛҟৗ஋ͷಉظ
ੑͷࢦඪͱ͢Δɽੜͷ࣌ྻܥ x(t)Ͱͳ͘ɼδϟϯϓ֬
཰ p(t)Λ༻͍Δ͜ͱͰɼ֬཰తͳϨΞͳࣄ৅ʢҟৗ஋ʣ
௨෦෼ڞௐ͞Εɼ͜ͷ಺ੵ͸ϒϩά্ͷҟৗ஋ͷڧ͕
͚ͩͱΓͩ͢ϑΟϧλͱͯ͠ػೳ͢Δɽ۩ମతʹҎԼ
ͷखॱͰͨ͠ࢉܭɽ

1. x(t)ͷδϟϯϓ֬཰ͷର਺Λ͢ࢉܭΔɿ ω(t) =

− log(p(x(t+ 1), x(t)))ɽ

2. y(t)ͷ্ঢ཰Λ͢ࢉܭΔɿ v(t) = y(t+ 1)/y(t)ɽ

3. ω(t)ͱ v(t)ͷ಺ੵʢ૬ؔ܎਺ʹൺྫʣΛ͢ࢉܭ
Δɿq =

∑N
t=1 ω(t) · v(t)ɽ

4. ແ૬ؔͷͱ͖ʹ r(t)ͷ෼෍ΛϒʔτεϥοϓͰ
Δ͢ࢉܭ (ҎԼͷ rΛMճαϯϓϧ͢Δʀ͜͜Ͱ
M = 104):

r(j) =
∑N

t=1 random[ω(t)] ·v(t) j = 1, 2, · · · ,Mɽ
͜͜Ͱɼrandom(·)͸࣌ྻܥͷϥϯμϜγϟοϑ
ϧ͢Δؔ਺ɽ

5. ʹͷϒʔτετϥοϓ෼෍͔Βແ૬ؔͷͱ͖ه্
಺ੵ͕ qҎ্ʹͳΔ֬཰Λࢉܭɽu = #{r : r >

u}/Mɽ͜͜Ͱɼ#{·}͸ू߹ ·ͷݸ਺Ͱ͋Δɽ

6. uΛؔੑ܎ͷࢦ਺ͱ͢Δɽ
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ෳ߹ࢦඪ ߹ඪΛ૊Έ߹Θͤͨෳࢦͷ͍͔ͭ͘ͷه্
ඪΛಋೖ͢Δɽx(t)Λϒϩάͷ݅਺ɼy(t)Λ೔࣍ͷࢦ
Ձɼz(t)Λ೔࣍ͷऔҾྔͱͨ͠ͱ͖ɼҎԼͷ̎ͭͷג
ෳ߹ࢦඪΛఆٛͨ͠ɽ

r(1)′ = ¯cor[δx,δy ; L̄] · ¯cor[δx, δz; L̄], (6)

r(2)′ = r(1)′ · log(u). (7)

ͨͩ͠ɼr(1)′Ͱ͸ɼ ¯cor[δx,δy ; L̄] < 0͔ͭ ¯cor[δx, δz; L̄] <

0ͷ৔߹ r(1)′ = −∞ͱ͢Δɽr(1)′͸औҾྔͱՁ͕֨ಉ
࣌ʹ্ঢ͢Δ৔߹૬͕ؔ͘ߴͳΔͨΊɼؔ৺ͷ૿Ճ͕
͑ߟมಈ͍ͯ͠Δ΋ͷΛநग़ͯ͠Δͱ͕ྻܥҼͰ࣌ݪ
ΒΕΔɽr(2)′ͷෳ߹ࢦඪ͸த௕ظͷ૬ؔʹؔ͢Δࢦඪ
ͱ୹ظͷ૬ؔͷࢦඪͷ૊Έ߹Θ͍ͤͯΔͨΊɼ௕ظత
ʹ΋୹ظతʹ΋૬͕͍ؔߴ૊Έ߹ΘͤΛ΄ͲධՁ஋͕
େ͖͘ͳΔɽ

2.4 ݁Ռ

਺Λൺֱͨ͠΋ͷΛਤࢦͷੑ܎ؔͨ͛͋ʹ্ 1ʹࣔ
͢ɽਤΑΓɼ୯७ͳॱҐ૬ؔͰ͸ɼଟগͷϥϯμϜΑΓ
ൺ཰͕͍ߴ΋ͷͷɼؔੑ܎ͷநग़ͷೳྗ͸ϥϯμϜʹ
બ୒ͨ͠ͱ͸େ͖͘͸มΘΓ͕ͳ͍͜ͱ͕Θ͔ΔʢҰ
ஈ໨ʣɽ͜ͷࣝผྗͷ௿͞͸্ड़ͷِ૬ؔΛେྔʹநग़
͍ͯ͠Δ͜ͱ͕ݪҼͱ͑ߟΒΕΔɽҰํɼ̎ஈ໨ʹࣔ
ͨ͠ϘοΫεࠩ෼ͷ૬ؔͷฏۉͰ͸ɼؔੑ܎ͷநग़ೳ
ྗ͸ॱҐ૬ؔͱͦ͜·Ͱ͸มΘΒͳ͍΋ͷɼӈਤͷ p

஋͸̍ஈ໨ͷ୯७ͳॱҐ૬ؔͱେ͖͘ҟͳΓʢܻ̎̕
ఔ౓ҟͳ͍ͬͯΔʣɼ༗ҙʹ૬ؔΛநग़Ͱ͖͍ͯΔ͜ͱ
͕֬ೝͰ͖Δɽ̏ஈ໨ͷҟৗ஋ͷ૬ؔ΋̎ஈ໨ʹࣔ͠
ͨϘοΫεࠩ෼ͷ૬ؔͷฏۉͱൺֱ͢Δ͜ͱͰϘοΫ
εࠩ෼ͱಉ͡ఔ౓ͷ൑ผੑೳͱ͍͏͜ͱ͕Θ͔Δɽ̐
ஈ໨ͷגՁͱऔҾྔͷฏۉϘοΫεࠩ෼૬ؔͷෳ߹ࢦ
ඪ͸ɼ͜Ε·ͰͷྫͱҟͳΓɼࠨਤʹࣔͨࣝ͠ผਫ਼౓
͕̑ഒ͔Β̍̌ഒఔ౓্͕͍ͬͯΔ͜ͱ͕Θ͔Δɽ·
ͨɼp஋͸̎ஈ໨ͷגՁ͚ͩʹൺ΂ͯ͞Βʹ 31ܻఔ౓
খ͘͞ͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽ̑ஈ໨͸̐ஈ໨ͷෳ
ඪͰ͋ΔɽਤΑΓࢦඪʹҟৗ஋ͷ૬ؔ΋߹Θͤͨࢦ߹
൑ผਫ਼౓͕̐ஈ໨ͷגՁͱऔҾྔͷฏۉϘοΫεࠩ෼
૬ؔͷෳ߹ࢦඪΑΓ͕͍͋ͬͯΔ͜ͱ͕Θ͔Δɽ
͜ΕΒͷ݁ՌʹՃ͑ɼఆੑతʹ͸ɼෳ߹ࢦඪΛ༻͍
Δ͜ͱͰɼͨͱ͑͹ɼςʔϚʮΠϯϑϧΤϯβʯͰ͸ɼ
਺্Ґ͔ΒɼμΠϫϘʔϗʔϧσΟϯάεɼγΩϘࢦ
΢ɼ૔ݿਫ਼࿅ɼॏদ੡࡞ॴͱͳΓɼ૔ݿਫ਼࿅ʢણҡϝʔ
Χʔʣ΍ॏদ੡࡞ॴʢϚεΫϝʔΧʔʣͱ͍͏ؔ࿈໏
ฑσʔλʹ͸͋͛ΒΕ͍ͯͳ͍͕ΠϯϑϧΤϯβͱؔ
࿈ੑ͕͋Δ໏ฑΛநग़͢Δ͜ͱ͕Ͱ͖ͨɽ

3 Ή͢ͼ

ຊڀݚͰ͸ɼιʔγϟϧϝσΟΞσʔλͱۚ༥৘ใ
ͷؔ܎Λ͢ڀݚΔୈҰஈ֊ͱͯ͠ɼϒϩά্ͷ୯݅ޠ
਺ͷ࣌ྻܥͱגՁ౳ͷ৘ใͷ࣌ྻܥͷΈ͔ΒΘ͔Δؔ
ࢦΛఆྔతʹධՁ͢Δํ๏ΛఏҊ͠ɼ·ͨɼͦͷੑ܎
ඪΛධՁ͢Δํ๏Λಋೖͨ͠ɽͦͷ͜ͱʹΑΓɼιʔ
γϟϧϝσΟΞͷΩʔϫʔυͷॻ͖ࠐΈස౓࣌ྻܥΛ
༻͍Δ͜ͱͰɼͦͷΩʔϫʔυͱؔ͋܎Δ໏ฑΛ౷ܭ
తʹ༗ҙʹநग़Ͱ͖ΔՄೳੑ͕͋Δ͜ͱΛࣔͨ͠ɽ·
ͨɼ͜ͷํ๏ʹΑΓɼҰ෦ͷΩʔϫʔυʹ͍ͭͯ͸ɼਓ
खͰ͚ͭͨʮؔ࿈໏ฑσʔλʯʹ͸ଘ͠ࡏͳ͍͕ɼؔ
ͱؔ࿈߲ࣄ຿಺༰͕Ωʔϫʔυͷۀͷ͋Δ໏ฑʢੑ܎
ੑͷ͍ڧ໏ฑʣΛநग़͜ͱ͕Ͱ͖ͨɽ
͔͠͠ͳ͕Βɼຊڀݚ͸ෆे෼ͳ͜ͱ΋ଟ͘ɼਫ਼౓
্࣮༻Ϩϕϧʹୡ͍ͯ͠ͳ͍ɽ۩ମతʹ͸ɼಋೖͨ͠
ఆྔࢦඪͰؔ܎ͷ͋Δ໏ฑΛநग़͢Δͱɼਅʹؔੑ܎
͕͋Δ΋ͷΛநग़Ͱ͖Δ΋ͷͷɼಉ࣌ʹແؔ܎ͳ΋ͷ
΋গͳ͘ͳ͘நग़ͯ͠͠·͏ɽͦͷͨΊɼਫ਼౓ΛߴΊɼ
͜ͷΑ͏ͳແؔ܎΋ͷΛநग़ΛͰ͖ΔݶΓ཈͑Δඞཁ
͕͋Δɽ·ͨɼຊڀݚͰ͸ɼେ·͔ʹશ໏ฑ΍શςʔ
Ϛʹ͍ͭͯશମͱͯ͠౷ܭಛੑΛௐ΂ͨɽ͔͠͠ɼݱ
࣮ʹ͸ɼςʔϚ΍໏ฑʹΑͬͯɼࢦඪʹΑΓ͖޲ɺෆ
ΒΕΔɽͦͷΑ͏ʹςʔϚ΍໏ฑ͑͝ߟΔͱ͕͖͋޲
ͱͷΑΓৄࡉͳࢦඪͷ༗ޮੑΛௐ΂Δඞཁ΋͋Δɽ͞
ΒʹɼຊڀݚͰ͸ɼશ؍ଌؒظʢ̑೥ؒʣશମͰͷؔ
ظ͸ಛఆͷ࣌ʹ࣮ݱΛධՁͨ͠ɽ͔͠͠ͳ͕Βɼੑ܎
ΒΕΔɽ͑ߟΔͱ͢ࡏ΋ଘྫࣄΔΑ͏ͳ͕͋ੑ܎͚ؔͩ
ͦͷΑ͏ͳ෦෼࣌ྻܥΛੑ܎ྀؔͨ͠ߟͷධՁʹ͍ͭ
ͯ΋ڀݚΛ͏ߦඞཁ͕͋Δɽ
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ਤ 1: ૬ؔࢦඪͷؔੑ܎நग़ೳྗͷൺֱʢৄࡉ͸ࣜ̍Λࢀরɽʣ. ɿൺ཰ࠨ q(r)ʢؔੑ܎ͷݕग़ೳྗͷࢦඪʣɽ఺
ઢ͸ޱίϛ࣌ྻܥΛϥϯμϜγϟοϑϧͨ࣌͠ྻܥʹஔ͖ͨ͠ݧ࣮ͯ͑׵৔߹ʢϥϯμϜͳ৔߹ʣͷ̍ˋઢͱ̕̕
ˋઢɽഁઢ͸ϥϯμϜʹબΜͩ৔߹ͷൺ཰ͷظ଴஋ɽӈɿೋ߲ݕఆͷ p஋ (ϥϯμϜͱͷ૬ҧͷࢦඪ)ɽҰஈ໨ɿ
ॱҐ૬ؔ܎਺ʢ੺ؙ͸ޱίϛ࣌ྻܥΛϥϯμϜγϟοϑϧͨ͠৔߹ʣɽ ೋஈ໨ɿࠩ෼ϘοΫεฏۉʢגՁऴ஋ʣɼ
ඪΛ̍̐೔ࢦ͸ಉ༷ͷࣈ෼ϘοΫε૬ؔɿՁ֨ʴऔҾྔʣʀ੨ेࠩۉඪʢฏࢦ߹ஈ໨ɿҟৗ஋૬ؔɼ࢛ஈ໨ɿෳࡾ
ʹϘοΫεαΠζͷ࣌ؒฏۉʢࣜ̐ʣʹஔ͖ͨ͑׵΋ͷɽ ̑ஈ໨ɿෳ߹ࢦඪ:ʢฏࠩۉ෼ϘοΫε૬ؔɿՁ֨ʴฏ
ஈ໨ࡾ෼ϘοΫε૬ؔɿऔҾྔʴҟৗ஋ʣɽҰஈ໨ʹࣔͨ͠ॱҐ૬ؔͰ͸΄΅ϥϯμϜબ୒ʹۙ͘ɼೋஈ໨ɼࠩۉ
ͷ୯ಠͷ൑ఆج४Ͱ͸ɼؔੑੑ܎ͷݕग़ྗ͸Ұஈ໨ͱ͋·ΓมΘΒͳ͍͕ϥϯμϜͱͷ૬ҧ (p஋)͸ΑΓେ͖͘
ͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽ·ͨɼ࢛ஈ໨ɼޒஈ໨ͷෳ߹ࢦඪͰ͸Ұஈ໨ɼೋஈ໨ɼࡾஈ໨ʹࣔͨ݁͠ՌʹՃ͑ͯ
ग़ྗɼϥϯμϜબ୒ͱͷ૬ҧݕ (p஋)ͱ΋ʹ͕େ͖͘ͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽ
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