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Abstract In asset management businesses such as operating mutual funds, medium or long-term investments are common
in terms of operational loads and transaction costs. However, the number of training data are more insufficient for applying
machine-learning methods to longer time-scale investments, which reduces the generalization ability of trained machine-learn-
ing models. To solve this problem, we try to perform a data augmentation technique using multiple time-scale data including
shorter time-scale data than the target task, and confirm its effectiveness to keep a better generalization ability of trained models
even if the target task of machine-learning methods is longer time scale.
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1. · ͑ ͕ ͖

৔Ծઆࢢ৔ʹ͓͍ͯ͸ɼFamaʹΑΔޮ཰తࢢࣜג [1]͕͋Γɼ
Ձ͸ϥϯμϜ΢ΥʔגΕɼ·ࠐՁʹؔ͢Δ৘ใ͸ॠ࣌ʹ৫Γג

Ϋ͢Δɽ͜Ε͕ਅ࣮Ͱ͋Ε͹ɼࣜגӡ༻ʹ͓͍ͯաڈͷ࣌ྻܥ

৘ใ͸ແՁ஋Ͱ͋Δɽ͔͠͠ҰํͰɼΫϩεηΫγϣϯ৘ใͷ

༗༻ੑ͸ൺֱతೝ஌͞Ε͓ͯΓɼػցֶशΛద༻͢Δ͕ڀݚ਺

ଟ͘ߦΘΕ͍ͯΔ [2]ʙ[4]ɽ࣮຿ʹ͓͍ͯ͸ɼଟ໏ฑͷڞ෼ࢄ
଄Λར༻ͨ͠ϙʔτϑΥϦΦӡ༻΍ϑΝΫλʔӡ༻ɼϖΞτߏ

ϨʔσΟϯά౳͕༻͍ΒΕ͍ͯΔɽಛʹࡋఆՁ֨ཧ࿦ [5]΍Ϛ
ϧνϑΝΫλʔϞσϧ [6], [7]ͷ࿮૊Έʹ͓͍ͯɼ͜Ε·Ͱ਺ඦ
ͿϑΝΫλʔ͕ఏҊ͞Ε͓ͯΓٴʹ [8]ɼಈతʹมԽ͢Δࡁܦ
Լʹ͓͍ͯ༗༻ͳϑΝΫλʔΛಛఆ͢Δ͜ͱ͸༰қͰ͸ͳڥ؀

͍ɽͦ͜ͰຊڀݚͰ͸ɼΦʔτΤϯίʔμΛ༻͍Δ͜ͱͰ༗ޮ

ͳϑΝΫλʔΛજࡏม਺ͱͯ͠ಈతʹਪఆ͢Δɽ

ΦʔτΤϯίʔμΛֶश͢Δࡍɼֶशσʔλʹ͸גՁ͔Βࢉ

ग़ͨ͠ऩӹ཰σʔλΛ࢖༻͢ΔɽҰൠతʹػցֶशʹ͓͍ͯɼ

ங͢ΔͨΊʹ͸ɼ๲େͳֶशσʔλ͕ඞཁߏਫ਼౓ͳϞσϧΛߴ

Ͱ͋Δɽ͔͠͠ɼ୯Ұ࣌ؒεέʔϧͰ͸ֶशʹ࢖༻Ͱ͖Δσʔ

λ͕গͳ͍ͨΊɼॆ෼ͳֶशਫ਼౓ΛಘΔ͜ͱ͕೉͍͜͠ͱʹՃ

͑ͯɼະ஌ͷࢢ৔ঢ়ଶʹ௚໘͢ΔՄೳੑ͕େ͖͘ͳΔɽͦ͜Ͱ

ຊڀݚͰ͸ɼσʔλ֦ுΛࢼΈΔɽσʔλ֦ு͸ը૾ೝࣝ΍ࣗ

વޠݴॲཧͳͲͷ༷ʑͳ෼໺Ͱߦ͕ڀݚΘΕ͍ͯΔɽຊڀݚͰ

͸ɼςετσʔλͱͯ͠࢖༻͢Δ࣌ؒεέʔϧΑΓ΋୹ظͷ࣌

ؒεέʔϧͷσʔλ΋ֶशʹซ༻͢Δ͜ͱͰσʔλ֦ுΛ͍ߦɼ

ۚ༥ػցֶशʹ͓͚Δ༗ޮੑΛ͢ূݕΔɽ
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ͦͷྫࣄ༺׆ͱͯ͠ɼϙʔτϑΥϦΦӡ༻ʹ͓͚Δ໏ฑબ୒

ʹண͢؟Δɽֶशͨ͠ΦʔτΤϯίʔμͷग़ྗΛϚϧνϑΝΫ

λʔϞσϧʹ४ͨ͠ڌཧ࿦஋ͱΈͳ͠ɼ࣮ݱ஋ͱͷဃ཭ΛධՁ

͢Δ͜ͱͰ࣌ݱ఺ʹ͓͚ΔҟৗͳגՁมಈΛݕग़͠ [9]ɼదਖ਼
Ձ֨΁ͷमਖ਼Λར༻ͨ͠ӡ༻ख๏ΛఏҊ͢Δɽ

͞ΒʹɼFX ఠ͞Ε͓ͯΓɼࢦ͕ࡏ৔Ͱ΋ϑΝΫλʔͷଘࢢ
༷ʑͳ࣮ূ෼ੳ͕ͳ͞Ε͍ͯΔ [10]ʙ[12]ɽΦʔτΤϯίʔμ
͸ऩӹ཰σʔλ͑͋͞Ε͹ֶशՄೳͰ͋ΔͨΊɼࢢࣜג৔ͷΈ

ͳΒͣ FXࢢ৔ʹ͓͍ͯ΋ຊख๏Λద༻͠ɼͦͷ༗༻ੑΛ֬ೝ
͢Δ͜ͱͰɼۚ༥ࢢ৔ʹ͓͚Δ൚༻తͳϙʔτϑΥϦΦϞσϧ

ΛߏஙͰ͖Δ͜ͱΛ͢ূݕΔɽ

2. ෳ਺࣌ؒεέʔϧΑΔσʔλ֦ு

ຊڀݚͰ͸ɼ೔࣍εέʔϧͷגՁ࣌ྻܥ p(t)͔Β༷ʑͳ࣌ؒ
εέʔϧ τ ͷऩӹ཰σʔλΛෳ੡͢Δ͜ͱͰɼΦʔτΤϯίʔ

μͷֶशσʔλΛ૿Ճͤ͞Δɽ·ͨɼຊઅͰ͸ֶशσʔλΛ༻

͍ͯΦʔτΤϯίʔμΛֶश͠ɼςετσʔλΛ༻ֶ͍ͯशࡁ

ΈΦʔτΤϯίʔμΛධՁ͢Δɽ

·ͣɼ࣌఺ t ʹ͓͚Δ໏ฑ i ͷגՁΛ pi(t)ͱ͠ɼ࣌ؒεέʔ
ϧ τ ʹ͓͚ΔגՁͷऩӹ཰ ri,τ (t)Λࢉग़͢Δɽ

ri,τ (t) = pi(t) − pi(t − τ)
pi(t − τ)

(1)

͜͜Ͱ τ = 1ͳΒ͹೔࣍εέʔϧɼτ = 20ͳΒ͹݄࣍εέʔϧ
ʹ૬౰͢Δɽͳ͓ຊߘΛ௨ͯ͡ɼ1िؒΛ 5Ӧۀ೔ͱͯ͠දݱ
͢Δɽ

࣍ʹɼಉ࣌ࠁͷશ໏ฑʢi = 1 ∼ NʣͷΫϩεηΫγϣϯ৘ใ

ΛϕΫτϧԽ͢Δɽ

rτ (t) = [r1,τ (t), r2,τ (t), · · · , rN,τ (t)] (2)

͜ΕΛΦʔτΤϯίʔμͷೖྗ૚ʹ౤ೖ͢Δ͕ɼτ ʹԠͯ͡ऩ

ӹ཰ ri,τ (t)ͷεέʔϧ͕ҟͳΔͨΊɼrτ (t)Λߏ੒͢Δશཁૉͷ
ඪ४ภࠩ στ (t)Ͱਖ਼نԽ͢Δɽ

r†τ (t) = rτ (t)
στ (t) (3)

ֶशσʔλʹؔͯ͠ɼ֤࣌ؒεέʔϧͰσʔλ਺Λ౷Ұ͢Δɽ

࣌ؒεέʔϧ τ ʹ͓͍ͯɼςετؒظͷ͋Δ࣌఺ ttest ͔Β௚

ۙաڈ (τ − 1)αϯϓϧͷσʔλ͸ɼࣜ (1)ʹΑΓ࣌఺ ttest ͱ

૬ؔΛ࣋ͭͨΊɼֶशσʔλͱͯ͠࢖༻͠ͳ͍ʢֶशσʔλ͕

ςετσʔλͱ૬͕ؔ͋ΔͱɼΦʔτΤϯίʔμ͕աֶश͢Δ

΄Ͳਫ਼౓͕͘ߴͳΓɼ൚ԽੑೳͷධՁͱͯ͠ద੾Ͱ͸ͳ͘ͳΔ

ͨΊʣɽͦ͜Ͱɼ࣌఺ ttest ͷ௚ۙաڈ (τ − 1)αϯϓϧͷσʔλ
ΛऔΓআ͍ͨޙͷ 1200αϯϓϧʢ໿ 5೥෼ʣͷऩӹ཰Λֶश
σʔλͱͯ͠࢖༻͢Δɽͭ·Γɼ࣌ؒεέʔϧ τ ʹ͓͚Δ࣌఺

ttest ͷֶशؒظ tτ,train(ttest )͸ҎԼͱͳΔɽ

tτ,train(ttest ) = [ttest − (τ − 1) − 1,

ttest − (τ − 1) − 2,

· · · ,

ttest − (τ − 1) − 1200]

(4)

ද 1: ΦʔτΤϯίʔμͷϋΠύʔύϥϝʔλ
ϋΠύʔύϥϝʔλ ஋ͨ͠༺࢖

epochs 50
batch_size 128
optimizer Adam

தؒ૚ͷ૚਺ 1

ͭ·Γ࣌ؒεέʔϧ τ ʹΑΒͣɼֶशσʔλ͸ 1200αϯϓϧ
ͱ͢Δɽ

Δ࣌ؒεέʔϧ͢༺࢖ऴతʹɼςετσʔλͱͯ͠࠷ τtest

ͷֶशσʔλू߹ Sτt est (ttest )͸ҎԼͱͳΔɽ

Sτt est (ttest ) = [r†τ (t ′) | t ′ ∈ tτ,train(ttest ),

τ ∈ 1 ∼ τtest ]
(5)

͜ͷΑ͏ʹෳ਺࣌ؒεέʔϧͷσʔλΛಉ࣌ʹΦʔτΤϯίʔ

μʹ౤ೖֶ͠शΛ͏ߦɽ

ͳ͓ɼ୯Ұ࣌ؒεέʔϧ τtest ͷΈͰΦʔτΤϯίʔμΛֶ

श͢Δ৔߹ɼֶशσʔλू߹ Sτt est (ttest )͸ҎԼͱͳΔɽ

Sτt est (ttest ) = [r†τ (t ′) | t ′ ∈ tτ,train(ttest ),

τ ∈ τtest ]
(6)

·ͨɼΦʔτΤϯίʔμ͸ೖྗ૚ɾதؒ૚ɾग़ྗ૚ͷશ݁߹ܕ

ͷߏ଄Ͱɼग़ྗ૚ʹ͸ linearؔ਺Λ࢖༻͢ΔɽΦʔτΤϯίʔ
μͷதؒ૚Ͱநग़͞Εͨજࡏม਺͸ɼैདྷͷϚϧνϑΝΫλʔ

Ϟσϧ [6], [7]ͱରԠ͢Δɽͳ͓ɼΦʔτΤϯίʔμʹ༻͍֤ͨ
छϋΠύʔύϥϝʔλΛද 1ʹࣔ͢ɽະࡌهͷ΋ͷ͸σϑΥϧ
τ஋Λ༻͍ͨɽ

3. ෼ ੳ

3. 1 σʔληοτ

ຊڀݚͰ͸ɼ೔ຊࢢࣜג৔Λର৅ʹ෼ੳΛ͏ߦɽ෼ੳͷϢ

χόʔεͱͯ͠ɼTOPIXߏ੒໏ฑ (্৔ഇࢭ໏ฑΛؚΉ)Λ࢖
༻͢Δɽؒظ͸ 2010೥ 1݄ʙ2021೥ 12݄ͱ͠ɼ͜ͷ಺ 2016
೥ 1݄ʙ2017೥ 10݄Ͱෳ਺࣌ؒεέʔϧͷσʔλΛ׆༻͢Δ
༗ޮੑͷٴূݕͼϞσϧͷ࠷దԽΛ͍ߦʢʙ4.3 ষʣɼ2018 ೥
1݄ʙ2021೥ 12݄Ͱ࠷దԽ͞ΕͨϞσϧΛ༻͍ͯӡ༻γϛϡ
ϨʔγϣϯΛ͏ߦʢ4.4ষʣɽσʔλ͸શͯ Refinitiv Eikon͔Β
औಘͨ͠ɽ

3. 2 ϑΝΠϯνϡʔχϯάͱͷൺֱ

લষͷσʔλ֦ுͷଞʹɼϑΝΠϯνϡʔχϯάʹΑΔෳ਺

࣌ؒεέʔϧͷσʔλ׆༻΋͑ߟΒΕΔɽϑΝΠϯνϡʔχϯ

άͱ͸ɼେن໛ͳσʔλΛ༻͍ͯࣄલֶशΛ͍ߦɼͦͷޙʹର

৅λεΫͷখن໛σʔλΛ༻͍ͯϞσϧΛඍௐ੔͢Δػցֶश

ख๏Ͱ͋Δɽ

ෳ਺࣌ؒεέʔϧͷσʔλΛ׆༻ͯ͠ϑΝΠϯνϡʔχϯά

Λ͏ߦ৔߹ɼର৅λεΫͷ࣌ؒεέʔϧ τtest ʹରͯ͠ɼࣄલ

ֶशͰ࢖༻͢Δֶशσʔλू߹ Spre
τt est (ttest )͸ҎԼͱͳΔɽ

Spre
τt est (ttest ) = [r†τ (t ′) | ttest ∈ tτ,train(ttest ),

τ ∈ 1 ∼ τtest − 1]
(7)
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ද 2: దԽ͢Δ߲໨࠷
߲໨ ൺֱର৅

ϑΝΠϯνϡʔχϯά ͋Γɼͳ͠

தؒ૚ͷੑ׆Խؔ਺ linear ؔ਺ɼtanh ؔ਺

ͦͷޙɼϞσϧΛඍௐ੔͢ΔͨΊʹ࢖༻͢Δֶशσʔλू߹

S f t
τt est (ttest )͸ҎԼͱͳΔɽ

S f t
τt est (ttest ) = [r†τ (t ′) | t ′ ∈ tτ,train(ttest ),

τ ∈ τtest ]
(8)

͜ͷΑ͏ʹର৅λεΫͷ࣌ؒεέʔϧΑΓ΋୹ظͷ࣌ؒεέʔ

ϧͷσʔλͰࣄલֶशΛ͍ߦɼͦͷޙʹର৅λεΫͷ࣌ؒε

έʔϧͷσʔλͰϞσϧΛඍௐ੔͢Δɽ

ͳ͓ɼֶशʹ࢖༻͢Δؒظ͸ࣜ (4)ɼϋΠύʔύϥϝʔλ͸ද
1ͱಉ͡Ͱ͋Δɽ

3. 3 ൚ Խ ੑ ೳ

ࣜ (5) ʹΑΔσʔλ֦ுʢҎ߱ɼMTS: Multiple Time Scaleʣ
ͷ༗ޮੑΛ͢ূݕΔͨΊɼ2016 ೥ 1 ݄ʙ2017 ೥ 10 ݄Λςε
τؒظͱͯ͠൚ԽࠩޡͷൺֱΛ͏ߦɽ൚ԽࠩޡͷධՁࢦඪͱ͠

ͯɼςετؒظͷ֤࣌఺Ͱࢉग़ͨ͠ RMSE ͷฏۉ஋Λ࢖༻͢
Δɽൺֱख๏ͱͯ͠ɼࣜ (6)ʹΑΔ୯Ұ࣌ؒεέʔϧͷΈͰֶ
शͨ͠ϞσϧʢҎ߱ɼSTS: Single Time ScaleʣΛ࢖༻͢Δɽ·
ͨɼϞσϧͷ࠷దԽ΋ಉ࣌ʹ͏ߦɽ࠷దԽ͢Δ߲໨Λද 2ʹࣔ
͢ɽࣜ (7)͓Αͼࣜ (8)ʹΑΔϑΝΠϯνϡʔχϯάΛ׆༻͢
ΔϞσϧʢҎ߱ɼFT: Fine Tuningʣ͸લઅͷ௨ΓͰ͋Δɽͭ·
ΓɼMTSɼSTSɼFTٴͼ֤Ϟσϧͷதؒ૚Λ linearؔ਺ɼtanh
ؔ਺ͱͨ͠৔߹ͷશ 6छྨͷϞσϧͰ൚ԽࠩޡͷൺֱΛ͏ߦɽ
ͳ͓ຊઅͰ͸ɼதؒ૚ͷѹॖ཰ C ͸ 50%ͱ͢Δɽ
ਤ 1ʹɼςετؒظʹ͓͚Δ֤࣌ؒεέʔϧͷ൚Խࠩޡͷ݁
ՌΛࣔ͢ɽҎԼʹɼಘΒΕͨ݁Ռͱͦͷ࡯ߟΛࣔ͢ɽ

• MTSٴͼ FT͸ɼSTSΑΓ൚Խ͕ࠩޡখ͍͞ɽ͜ͷ݁Ռ
͔Βɼֶशʹෳ਺࣌ؒεέʔϧͷσʔλΛ׆༻͢Δ͜ͱ͕༗ޮ

Ͱ͋Δ͜ͱ͕෼͔Δɽෳ਺࣌ؒεέʔϧͷσʔλΛ׆༻͢Δ͜

ͱͰ൚Խ͕ࠩޡখ͘͞ͳͬͨཧ༝ͱͯ͠ɼݩʑͷϑΝΫλʔϞ

σϧʹ͸ݻ༗ͷ࣌ؒεέʔϧ͕ͳ͍ͨΊɼෳ਺࣌ؒεέʔϧͷ

σʔλΛ׆༻͢Δ͜ͱ͕σʔλ֦ுʹݙߩͰ͖ͨͱ͑ߟΒΕΔɽ

• MTS͸ɼFTΑΓ൚Խ͕ࠩޡখ͍͞ɽ͜ͷ݁Ռ͔Βɼֶ श

ʹෳ਺࣌ؒεέʔϧͷσʔλΛ׆༻͢Δ৔߹ɼϑΝΠϯνϡʔ

χϯάΛద༻͢ΔΑΓ΋ɼͦΕͧΕΛಉ࣌ʹֶशͨ͠ํ͕ߴਫ਼

౓ͳϞσϧΛߏஙͰ͖Δ͜ͱ͕෼͔ΔɽϑΝΠϯνϡʔχϯά

Λ׆༻ͨ͠ͱ͖ʹ൚Խ͕ࠩޡେ͖͘ͳͬͨཧ༝ͱͯ͠ɼࣄલֶ

शΛޙͨͬߦʹର৅ͷ࣌ؒεέʔϧͰϞσϧΛֶ࠶शͨ͠ࡍʹ

աֶशΛҾ͖ͨ͜͠ىͱ͑ߟΒΕΔɽ͜Ε͸લड़ͷ௨Γɼຊདྷ

ͷϚϧνϑΝΫλʔϞσϧʹ͸ݻ༗ͷ࣌ؒεέʔϧ͸ແ͍͕ɼ

ର৅ͷ࣌ؒεέʔϧͰϑΝΠϯνϡʔχϯά͢Δͱσʔλʹ੍

ΒΕΔɽ͑ߟՃΘͬͯ͠·͏ͨΊͱ͕ݶ

• MTS ͼٴ FT Ͱ͸ɼதؒ૚ͷੑ׆Խؔ਺͕ linear ؔ਺
ͷํ͕ tanhؔ਺ΑΓ൚Խ͕ࠩޡখ͍͞ɽSTSͰ͸ɼτtest ≤ 14
ͷͱ͖ tanh ؔ਺ͷํ͕ linear ؔ਺ΑΓ൚Խ͕ࠩޡখ͍͕͞ɼ

ਤ 1: ςετؒظʹ͓͚Δ֤࣌ؒεέʔϧͷ൚Խࠩޡɽຌྫͷׅހ಺͸
தؒ૚ͷੑ׆Խؔ਺Λࣔ͢ɽ

ਤ 2: தؒ૚ͷѹॖ཰ C ΛมԽͤͨ͞৔߹ͷ൚Խࠩޡ

τtest ≥ 15ͷͱ͖ linearؔ਺ͷํ͕ tanhؔ਺ΑΓ൚Խ͕ࠩޡখ
͘͞ͳ͍ͬͯΔɽ

• MTSٴͼ FT͸ɼ֓Ͷ࣌ؒεέʔϧ͕େ͖͘ͳΔʹͭΕ
ͯ൚Խࠩޡ͸খ͘͞ͳΔɽ࣌ؒεέʔϧ͕େ͖͘ͳΔʹͭΕͯ

൚Խ͕ࠩޡখ͘͞ͳΔཧ༝ͱͯ͠ɼ࣌ؒεέʔϧ͕େ͖͘ͳΔ

ͱ୹ظͷ࣌ؒεέʔϧ͕૿Ճ͢ΔͨΊɼͦΕʹ൐ֶ͍शσʔλ

΋૿Ճ͢ΔͨΊͱ͑ߟΒΕΔɽ

Ҏ্ͷ݁Ռ͔ΒɼϑΝΠϯνϡʔχϯάͳ͠ɼதؒ૚ͷੑ׆

Խؔ਺͸ linearؔ਺ɼͭ·Γதؒ૚ͷੑ׆Խؔ਺͕ linearؔ਺
ͷ MTS͕࠷దͳϞσϧͰ͋Δͱ͑ߟΒΕΔɽΑͬͯɼҎ߱ͷ
Δɽ͢༺࢖దԽ͞ΕͨϞσϧΛ࠷Ͱ͸͜ͷݧ࣮

3. 4 தؒ૚ͷѹॖ཰

ΦʔτΤϯίʔμͷதؒ૚ͷѹॖ཰ Cʢதؒ૚ͷ࣍ݩ਺ /ೖ
ྗ૚ͷ࣍ݩ਺ NʣΛมԽͤͨ͞৔߹ͷޮՌΛ͢ূݕΔɽຊઅͰ

͸݄࣍εέʔϧͰͷൺֱΛͨ͏ߦΊ τtest = 20ͱ͢Δɽ
ਤ 2 ʹɼѹॖ཰ C ΛมԽͤͨ͞৔߹ͷ൚Խࠩޡͷ݁ՌΛࣔ

͢ɽ݁Ռͱͯ͠ɼѹॖ཰ C ͕େ͖͍΄Ͳ෮͠ݩ΍͍ͨ͢Ί൚Խ

Λখ͘͞Ͱ͖͍ͯΔɽ֓Ͷࠩޡ 50% ͳΒ͹൚Խ͕ࠩޡऩଋ͠
͍ͯΔͨΊɼҎޙͷ࣮ݧͰ͸ѹॖ཰ C Λ ఆ͢Δɽݻʹ50%

4. ӡ༻γϛϡϨʔγϣϯ

4. 1 ӡ ༻ ख ๏

ఏҊख๏Λҟৗݕ஌ʹ׆༻͠ɼϙʔτϑΥϦΦӡ༻Λ͏ߦɽ

ຊڀݚͰ͸ɼ݄࣍εέʔϧͰͷӡ༻Λ໨తͱ͍ͯ͠ΔͨΊ

τtest = 20ͱ͢Δɽ
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࣌఺ ttest ͷऩӹ཰ͷ࣮ݱ஋ r†τt est (ttest )ΛֶशࡁΈΦʔτΤϯ
ίʔμʹ౤ೖ͠ɼ෮ݩ஋ r̂†τt est (ttest )ΛಘΔɽ࣮ݱ஋ r†τt est (ttest )
ͱͷဃ཭Λ

ei,τt est (ttest ) = ri,τt est − r̂i,τt est (ttest ) (9)

ͱ͠ɼ֤໏ฑ i ͷҟৗ౓ Ai,τt est (ttest )Λ࣍ࣜͰධՁ͢Δɽ

Ai,τt est (ttest ) =
ei,τt est (ttest )
ξi,τt est (ttest )

(10)

͜͜Ͱ ξi,τt est (ttest )͸ɼֶशσʔλू߹ Sτt est (ttest )ʹ͓͚Δ
໏ฑ i ͷ෮ࠩޡݩ (RMSE)Ͱ͋Δɽ໏ฑ i ຖͷֶश೉қ౓ʹج

͍ͮͯɼҟৗ౓ͷධՁج४Λิਖ਼͍ͯ͠Δɽͳ͓ɼ࣌఺ ttest ͕

ਐΉͨͼʹֶशσʔλू߹ Sτt est (ttest )Λߋ৽͠ɼΦʔτΤϯ
ίʔμΛֶ࠶श͢Δɽ

ࣜʢ10ʣͷҟৗ౓ Ai,τt est (ttest ) ϙʔτϑΥϦΦ͍ͯͮجʹ
Λߏ੒͢Δ໏ฑ i Λબ୒͢Δɽա৒ͳू܈৺ཧʹΑͬͯҟৗ

͕ൃੜ͢ΔͱԾఆ͢Δͱɼҟৗ౓ Ai,τt est (ttest ) ʹ͸ݸผࣄ৘
ʢχϡʔεͳͲͷࡐྉʣʹՃ͑ͯɼू܈৺ཧʹΑΔϛεϓϥΠ

ε΋ؚ·ΕΔՄೳੑ͕͋ΔɽϛεϓϥΠε͸ࢢ৔ͷޮ཰ੑʹΑ

Γదਖ਼Ձ֨ʹमਖ਼͞ΕΔͳΒ͹ɼͦͷमਖ਼ྗʹΑΔϦόʔαϧ

଴͞ΕΔظ৅͕ݱ [13]ɽͦ͜Ͱɼ֤࣌఺Ͱҟৗ౓ Ai,τt est (ttest )
ͷେ͖͞ʹԠͯ͡໏ฑΛ 5෼ҐʹάϧʔϓԽ͠ɼ1QΛ࠷খ෼
Ґɼ5QΛ࠷େ෼Ґͱ͢ΔɽϞσϧ͕ద੾ʹҟৗΛݕ஌Ͱ͖ͯ
͍ΔͳΒ͹ɼ1Qʹ͸ׂ҆໏ฑɼ5Qʹ͸ׂߴ໏ฑ͕෼ྨ͞ΕΔɽ
૊ೖൺ཰͸֤෼Ґʹ͓͍ͯ౳΢ΣΠτͱ͠ɼ20೔पظͷӡ༻γ
ϛϡϨʔγϣϯΛ࣮͢ߦΔɽ

4. 2 ໏ฑબ୒ͷ޲܏

·ͣɼ2016೥ 1݄ʙ2017೥ 10݄Λςετؒظͱͯ͠ɼ໏ฑ
બ୒ͷ޲܏ʹ͍ͭͯ֬ೝ͢Δɽ1Qͷׂ҆໏ฑΛϩϯάɼ5Qͷ
ஙߏ໏ฑΛγϣʔτ͢ΔϩϯάγϣʔτϙʔτϑΥϦΦΛߴׂ

͢Δ৔߹ɼҟৗ౓͕ਖ਼ෛʹৼಈ͢Δͱɼಉ͡໏ฑΛަޓʹϩϯ

άͱγϣʔτΛަ܁ʹޓΓฦ͢Մೳੑ͕͋Δɽͦͷ৔߹͸ചങ

αΠΫϧ͕ૣ·ΔͨΊɼऔҾίετ͓ΑͼΦϖϨʔγϣϯͷෛ

ՙ͕૿େ͢Δɽͦ͜Ͱ 2छྨͷํ๏Λ༻͍ͯҟৗ౓ͷৼಈΛ֬
ೝ͢ΔɽͦΕͧΕͷํ๏ͷ۩ମతͳखॱΛҎԼʹࣔ͢ɽ

ํ๏ 1ɿࣗݾ૬ؔ
ʢ 1ʣ શ໏ฑͷҟৗ౓Λશؒظ෼͢ࢉܭΔɽ
ʢ 2ʣ ֤໏ฑͰҟৗ౓ͷࣗݾ૬ؔΛ͢ࢉܭΔɽ
ํ๏ 2ɿJaccard܎਺
ʢ 1ʣ ໏ฑ༺࠾ (1Qɾ5Q)Λશؒظ෼औಘ͢Δɽ
ʢ 2ʣ Լهͷ࠾༻໏ฑͷҰக཰ (Jaccard܎਺)Λ͢ࢉܭΔɽ

A(n) = |PFLS(0) ∩ PFLS(n)|
|PFLS(0) ∪ PFLS(n)| (11)

B(n) = |PFL(0) ∩ PFL(n)| + |PFS(0) ∩ PFS(n)|
|PFLS(0) ∪ PFLS(n)| (12)

C(n) = |PFL(0) ∩ PFS(n)| + |PFS(0) ∩ PFL(n)|
|PFLS(0) ∪ PFLS(n)| (13)

͜͜ͰɼPFLS(n) ͸ n ࣌఺ޙͷ 1Q ·ͨ͸ 5Q ໏ฑू߹ɼ༺࠾
PFL(n) ͸ n ࣌఺ޙͷ 1Q ໏ฑू߹ʢϩϯάϙʔτϑΥϦ༺࠾
ΦʣɼPFS(n)͸ n࣌఺ޙͷ 5Q࠾༻໏ฑू߹ʢγϣʔτϙʔτ

(a)ํ๏ 1ɿࣗݾ૬ؔ

(b)ํ๏ 2ɿJaccard ਺܎

ਤ 3: ҟৗ౓ͷৼಈΛ֬ೝɽࣗݾ૬ؔ (্ਤ) ͸ߏங೔͕ҟͳΔ 20 ૊ͷ
ฏۉ஋Λࣔ͢ɽJaccard܎਺ (Լਤ)͸ߏங೔͕ҟͳΔ 20૊ͦΕͧ
ΕͷҰக཰ΛࡉઢͰࣔ͠ɼͦΕΒͷฏۉ஋ΛଠઢͰࣔ͢ɽ

ϑΥϦΦʣͰ͋Δɽͳ͓ n = 0ͷ৔߹ɼҟৗ౓Λࢉग़ͨ࣌͠఺
ͷ࠾༻໏ฑू߹Ͱ͋Δɽ

఺ͱ࣌ݱ૬ؔͱ͸ɼ֤໏ฑͷݾࣗ n࣌఺ޙͷҟৗ౓ͷ૬ؔ܎

਺Ͱ͋Δɽͭ·Γɼࣗݾ૬ؔ͸ҟৗ౓͕ৼಈ͍ͯ͠ΔͳΒ͹ −1
ʹ͖ۙͮɼٯʹҟৗ౓͕Ұఆͷ஋ΛਪҠ͢ΔͳΒ͹ 1ʹۙͮ͘ɽ

Jaccard܎਺ͱ͸ɼ2ͭͷू߹ʹؚ·Ε͍ͯΔཁૉͷ͏ͪڞ௨
ཁૉ͕઎ΊΔׂ߹Ͱ͋Δɽͭ·Γɼ1Q ͱ 5Q ͞༺࠾ʹޓަʹ
ΕΔ໏ฑ͕ଟ͘ଘ͢ࡏΔͳΒ͹ C(n)ͷ஋͕େ͖͘ͳΓɼ1Q·
ͨ͸ 5Qͷ͍ͣΕ͔ยํʹ࠾༻͞Εଓ͚Δ໏ฑ͕ଟ͘ଘ͢ࡏΔ
ͳΒ͹ B(n)ͷ஋͕େ͖͘ͳΔɽ·ͨɼ1Q·ͨ͸ 5Qͷ͍ͣΕ
ΔͳΒ͹͢ࡏΕଓ͚Δ໏ฑ͕ଟ͘ଘ͞༺࠾ʹ͔ A(n) ͷ஋͕େ
͖͘ͳΔɽຊઅͰ͸ɼӡ༻ख๏ͷଥ౰ੑΛ͢ূݕΔͨΊɼಛʹ

B(n)ͱ C(n)ͷେখؔ܎ʹ஫໨͢ΔɽB(n) < C(n)ͳΒ͹ 1Qͱ
5Q Ͱަ࠾ʹޓ༻͞Ε͍ͯΔ໏ฑ͕ଟ͘ଘ͢ࡏΔͱ͑ߟΒΕɼ
B(n) > C(n)ͳΒ͹ 1Q·ͨ͸ 5Qͷ͍ͣΕ͔ʹ࠾༻͞Εଓ͚ͯ
͍Δ໏ฑ͕ଟ͘ଘ͢ࡏΔͱ͑ߟΒΕΔɽ

ϙʔτϑΥϦΦͷߏங೔͕ҟͳΔಠཱͳγϛϡϨʔγϣϯΛ

20ճ࣮͠ߦɼਤ 3aʹ֤໏ฑͷҟৗ౓ͷࣗݾ૬ؔͷฏۉ஋Λശ
ͻ͛ਤͰදͨ݁͠Ռɼਤ 3bʹ Jaccard܎਺Λϓϩοτͨ݁͠Ռ
Λࣔ͢ɽਤ 3a͔Βɼ֤໏ฑͷࣗݾ૬ؔͷதԝ஋͸ n = 1ͷͱ͖
0ΑΓখ͘͞ɼn ≥ 2ͷͱ͖֓Ͷ 0Ͱ͋Δ͜ͱ͕෼͔Δɽਤ 3b
͔ΒɼJaccard܎਺͸ n = 1ͷͱ͖ B(n) < C(n)Ͱ͋Γɼn ≥ 2ͷ
ͱ͖ B(n) ≈ C(n)Ͱ͋Δ͜ͱ͕෼͔ΔɽҎ্ͷ݁Ռ͔Βɼ͜ͷ
ӡ༻ख๏͸ 1࣌఺ޙʹυςϯΤϯτϦʔ͢Δ͕͋޲܏Δͱ͑ߟ
ΒΕΔɽ

4. 3 ໏ฑબ୒ʹ੍໿Λઃ͚Δ৔߹

લઅͰ 1࣌఺ޙ·Ͱҟৗ౓͕ৼಈ͠ɼυςϯΤϯτϦʔ͢Δ
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Δ͜ͱ͕෼͔ͬͨɽͦ͜ͰυςϯΤϯτϦʔΛ๷͙͕ͨ͋޲܏

Ίʹӡ༻ख๏ʹ੍໿Λઃ͚Δɽ੍໿͸ 2छྨ͋ΓɼͦΕͧΕͷ
۩ମతͳ಺༰ΛҎԼʹࣔ͢ɽ

੍໿ 1
• 1Q ·ͨ͸ 5Q Εͨ໏ฑ͸͞༺࠾ʹ 1 ࣌఺ޙͰ͸৽نʹ

ΤϯτϦʔ͠ͳ͍ɽ

੍໿ 2
• 1Q Εͨ໏ฑ͕͞༺࠾ʹ 1 ࣌఺ޙʹ 5Q Εͨ৔͞༺࠾ʹ

߹ɼͦͷ໏ฑ͸ΤϯτϦʔ͠ͳ͍ɽ

• 5Q Εͨ໏ฑ͕͞༺࠾ʹ 1 ࣌఺ޙʹ 1Q Εͨ৔͞༺࠾ʹ
߹ɼͦͷ໏ฑ͸ΤϯτϦʔ͠ͳ͍ɽ

͜ͷ 2छྨ͍ͣΕ͔ͷ੍໿Λઃ͚Δ͜ͱʹΑͬͯɼυςϯΤ
ϯτϦʔΛ๷͙ӡ༻Λ͜͏ߦͱ͕Ͱ͖Δɽ

4. 4 ӡ༻ύϑΥʔϚϯε

͜Ε·ͰͷςετؒظҎ߱ͷ 2018೥ 1݄ʙ2021೥ 12݄Λ
ӡ༻ؒظͱͯ͠ɼ2छྨͷӡ༻γϛϡϨʔγϣϯΛ͏ߦɽ1ͭ
໨͸ɼ֤࣌఺ͷҟৗ౓ʹԠͯ͡ 5෼ҐͷϩϯάϙʔτϑΥϦΦ
Λߏங͠ɼ5෼Ґ͢΂ͯͷ֫ಘϦλʔϯͷฏۉ஋ʢϕϯνϚʔ
ΫʣΛ߇আ͢Δӡ༻γϛϡϨʔγϣϯͰ͋Δɽ2ͭ໨͸ɼ1Q࠾
༻໏ฑΛϩϯάɼ5Q࠾༻໏ฑΛγϣʔτ͢Δϩϯάγϣʔτ
ϙʔτϑΥϦΦΛߏங͠ɼӡ༻ख๏ʹ੍໿Λઃ͚ͨ৔߹ͱઃ͚

ͳ͍৔߹ͷӡ༻γϛϡϨʔγϣϯͰ͋Δɽਤ 4ʹɼϙʔτϑΥ
ϦΦͷߏங೔͕ҟͳΔಠཱͳӡ༻γϛϡϨʔγϣϯΛ 20ճ࣮
ՌΛࣔ͢ɽਤ݁ͨ͠ߦ 4a͸ΞΫςΟϒϦλʔϯɼਤ 4b͸εϓ
ϨουϦλʔϯΛྦྷ࿨ͨ࣌͠ྻܥάϥϑͰ͋Δɽ

ਤ 4a͔Βɼӡ༻ύϑΥʔϚϯε͸෼Ґॱʹͳ͓ͬͯΓɼҟৗ
౓ Ai,τt est (ttest ) ໏ฑબ୒ͷଥ౰ੑΛ֬ೝͰ͖Δɽਤͮ͘جʹ
4b͔Βɼӡ༻ύϑΥʔϚϯε͸ӈ্͕ݞΓʹਪҠ͓ͯ͠Γɼ҆
ఆͨ͠ӡ༻͕Ͱ͖͍ͯΔ͜ͱ͕෼͔Δɽ·ͨɼ੍໿Λઃ͚ͨ৔

߹Ͱ΋҆ఆͨ͠ӡ༻͕Ͱ͖͓ͯΓɼചങʹ੍ݶΛઃ͚Δ͜ͱʹ

ΑͬͯചങίετΛ཈͑ͳ͕Βӡ༻Λ͜͏ߦͱ͕Ͱ͖Δͱ͑ߟ

ΒΕΔɽ

5. FXࢢ৔΁ͷద༻

5. 1 σʔληοτ

ΦʔτΤϯίʔμ͸ϚϧνϑΝΫλʔϞσϧͷ֦ுͰ͋Δͨ

Ίɼऩӹ཰σʔλ͑͋͞Ε͹ֶशΛ͜͏ߦͱ͕Ͱ͖Δɽͦ͜Ͱ

ఏҊख๏͕ࢢࣜג৔͚ͩͰͳ͘ FXࢢ৔Ͱ΋༗ޮ͔ূݕΛ͏ߦɽ
෼ੳͷϢχόʔεͱͯ͠ɼG10Ճໍࠃ௨՟Λ࢖༻͢Δɽ۩ମత
ʹ͸ɼ೔ຊԁɼถυϧɼϢʔϩɼϙϯυɼΧφμυϧɼεΠε

ϑϥϯɼε΢ΣʔσϯΫϩʔφͷશ૊߹ͤʢ21௨՟ϖΞʣͰ͋
Δɽؒظ͸ 2010೥ 8݄ʙ2021೥ 12݄ͱ͠ɼ͜ͷ಺ 2016೥ 1
݄ʙ2017೥ 10݄Ͱ൚ԽੑೳΛ֬ೝ͠ɼ2018೥ 1݄ʙ2021೥
12݄Ͱӡ༻γϛϡϨʔγϣϯΛ͏ߦɽ

5. 2 ൚ Խ ੑ ೳ

2016೥ 1݄ʙ2017೥ 10݄Λςετؒظͱͯ͠ɼ൚Խࠩޡͷ
ൺֱΛ͏ߦɽ3.3અͱಉ༷ʹMTSɼFTɼSTSΛ༻͍ɼ֤Φʔτ
Τϯίʔμͷதؒ૚Λ linearؔ਺ɼtanhؔ਺ͱͨ͠৔߹ͷશ 6
छྨͷϞσϧͰ൚ԽࠩޡͷൺֱΛ͏ߦɽ

ਤ 5ʹɼ֤࣌ؒεέʔϧͷ൚Խࠩޡͷ݁ՌΛࣔ͢ɽ݁Ռͱ͠

(a) 5 ෼ҐͷϩϯάϙʔτϑΥϦΦ (੍໿ͳ͠ͷ৔߹)

(b) 1Q࠾༻໏ฑΛϩϯάɼ5Q࠾༻໏ฑΛγϣʔτ͢Δϩϯάγϣʔτ
ϙʔτϑΥϦΦ

ਤ 4: ӡ༻ύϑΥʔϚϯεɽߏங೔͕ҟͳΔ 20૊ͦΕͧΕͷྦྷ࿨Ϧλʔ
ϯΛࡉઢͰࣔ͠ɼͦΕΒͷฏۉ஋ΛଠઢͰࣔ͢ɽ

ਤ 5: ςετؒظʹ͓͚Δ֤࣌ؒεέʔϧͷ൚Խࠩޡɽຌྫͷׅހ಺͸
தؒ૚ͷੑ׆Խؔ਺Λࣔ͢ɽ

ͯɼFXࢢ৔Ͱ΋ෳ਺࣌ؒεέʔϧͷσʔλΛ׆༻͢Δ͜ͱͰ
൚ԽࠩޡΛ௿ݮͰ͖͍ͯΔɽࢢࣜג৔ͷ݁Ռͱͷ૬ҧ఺ͱ͠

ͯɼFTͷ൚Խ͕ࠩޡMTSͱಉ౳Ͱ͋Δ͜ͱ͕͛ڍΒΕΔɽ͜
Ε͸໏ฑ਺͕ݮগͨ͜͠ͱʹΑͬͯɼಉ࣌ʹϞσϧͷύϥϝʔ

λ਺΋ݮগ͠ɼϑΝΠϯνϡʔχϯάΛͨͬߦͱ͖ʹաֶशΛ

Ҿ͖ͣ͜͞ىʹֶशͰ͖ͨͱ͑ߟΒΕΔɽ͔͠͠ɼݩʑͷϑΝ

ΫλʔϞσϧʹ͸ݻ༗ͷ࣌ؒεέʔϧ͕ͳ͍ͨΊɼMTSͷ൚Խ
ΒΕΔɽ͑ߟͱಉ౳Ͱ͋ͬͨͱࠩޡ

5. 3 ӡ ༻ ख ๏

FXࢢ৔Ͱ΋ɼఏҊख๏Λҟৗݕ஌ʹ׆༻͠ɼϙʔτϑΥϦ
Φӡ༻Λ͏ߦɽ͔͠͠ɼFXࢢ৔͸ࢢࣜג৔ͱҎԼͷ 3ͭͷ఺

— 5 —



ͰҟͳΔͨΊɼ͜ΕΒΛྀͨ͠ߟӡ༻ख๏ΛվΊͯߏங͢Δɽ

• ɽ͍ߴ৔ΑΓྲྀಈੑ͕ࢢࣜג

• ৔ΑΓ໏ฑ਺ʢ௨՟ϖΞ਺ʣ͕গͳ͍ɽࢢࣜג

• ֤௨՟ϖΞͰ࣠ج௨՟͕ҟͳΔɽ

1ͭ໨ͷྲྀಈੑͷҧ͍ʹؔͯ͠ɼFXࢢ৔͸ࢢࣜג৔ΛؚΊͨ
ଞͷࢢ৔ΑΓྲྀಈੑ͕͍͜ߴͱ͕஌ΒΕ͍ͯΔɽͦͷͨΊɼઌ

ڀݚߦ [14]Ͱ΋ϛεϓϥΠεʹର͢Δमਖ਼εϐʔυ͕଎͍Մೳ
ੑ͕ࣔࠦ͞Ε͍ͯΔɽͦ͜Ͱࢢࣜג৔Λର৅ͱͨ͠γϛϡϨʔ

γϣϯͰ͸ τtest = 20ͱͯ͠ 20೔पظͷӡ༻Λ͕ͨͬߦɼFX
৔Ͱ͸ࢢ τtest = 3ͱͯ͠ 3೔पظͷӡ༻Λ࣮͢ߦΔɽ

2ͭ໨ͷ໏ฑ਺ʢ௨՟ϖΞ਺ʣͷҧ͍ʹؔͯ͠ɼࢢࣜג৔Ͱ
͸໿ 1700໏ฑͰӡ༻Λ͕ͨͬߦɼFXࢢ৔Ͱ͸ 21௨՟ϖΞͰ
ӡ༻Λ͏ߦɽ͔͠͠ɼࢢࣜג৔ͱಉ༷ʹ 5෼ҐͷϙʔτϑΥϦ
ΦΛߏஙͨ͠৔߹ɼ1ͭͷϙʔτϑΥϦΦʹ͸໿ 4௨՟ϖΞ͠
͔૊Έࠐ·Εͳ͍͜ͱʹͳΔɽ͜ΕͰ͸ॆ෼ʹϦεΫ෼͕ࢄͰ

͖ͣɼϙʔτϑΥϦΦͷ֫ಘϦλʔϯʹେ͖ͳϊΠζؚ͕·Ε

ͯ͠·͏Մೳੑ͕͋Δɽͦ͜Ͱ FXࢢ৔Ͱ͸ɼ෼Ґ਺Λ 2෼Ґ
ʹͯ͠ϙʔτϑΥϦΦΛߏங͢Δɽ

3ͭ໨ͷ࣠ج௨՟ͷҧ͍ʹؔͯ͠ɼࢢࣜג৔Ͱ͸͢΂ͯͷ໏ฑ
ʹ͓͍ͯಉҰ௨՟ʹΑΔӡ༻Λલఏͱ͍ͯ͠Δ͕ɼFXࢢ৔͸ج
࣠௨՟͕֤௨՟ϖΞͰҟͳΔɽׂߴ΍ׂ҆ͷ൑அ͸࣠ج௨՟ʹ

Αͬͯූ߸͕ٯస͢ΔͨΊɼFXࢢ৔Ͱ͸ϙʔτϑΥϦΦͷߏங
ํ๏ΛҎԼͷΑ͏ʹվΊΔɽ·ͣɼҟৗ౓ Ai,τt est (ttest )ʹઈର
஋Λ෇༩͢Δɽ࣍ʹɼઈର஋Λ෇༩͞Εͨҟৗ౓ |Ai,τt est (ttest )|
ͷ্Ґ 11௨՟ϖΞʢ1QʣͱԼҐ 10௨՟ϖΞʢ2QʣͰผʑʹ
ϙʔτϑΥϦΦΛߏங͢Δɽ͜ͷͱ͖ɼAi,τt est (ttest )ͷූ߸͕
ϚΠφεͷׂ҆௨՟ϖΞΛϩϯάɼϓϥεͷׂߴ௨՟ϖΞΛ

γϣʔτ͢ΔɽϞσϧ͕ద੾ʹҟৗΛݕ஌Ͱ͖͍ͯΔͳΒ͹ɼ

1Qʹ͸ϛεϓϥΠε͕େ͖͍໏ฑɼ2Qʹ͸ϛεϓϥΠε͕খ
͍͞໏ฑ͕෼ྨ͞ΕΔɽ

5. 4 ӡ༻γϛϡϨʔγϣϯ

2018೥ 1݄ʙ2021೥ 12݄Λςετؒظͱͯ͠ɼલઅͷ FX
ɽ͏ߦ৔ʹ߹Θͤͨӡ༻ख๏Λ༻͍ͯӡ༻γϛϡϨʔγϣϯΛࢢ

ਤ 6 ʹɼϙʔτϑΥϦΦͷߏங೔͕ҟͳΔಠཱͳӡ༻γϛϡ
ϨʔγϣϯΛ 3ճ࣮݁ͨ͠ߦՌΛࣔ͢ɽӡ༻ύϑΥʔϚϯε͸
෼Ґॱʹͳ͓ͬͯΓɼҟৗ౓ Ai,τt est (ttest ٴ໏ฑબ୒ͮ͘جʹ(
ͼͦͷූ߸ʹԠͨ͡ചങબ୒ͷଥ౰ੑΛ֬ೝͰ͖Δɽ

6. · ͱ Ί

ෳ਺࣌ؒεέʔϧͷσʔλΛ׆༻ͯ͠ΦʔτΤϯίʔμͷֶ

शΛͨͬߦɽෳ਺࣌ؒεέʔϧͷσʔλΛ׆༻͢Δ͜ͱͰɼ୯

Ұ࣌ؒεέʔϧͷΈͰֶश͢Δ৔߹ΑΓ΋൚Խੑೳ্͕ͨ͠޲

͜ͱΛ֬ೝͨ͠ɽ·ͨɼԠ༻ྫࣄͱͯ͠ΦʔτΤϯίʔμΛ׆

༻ͨ͠ϙʔτϑΥϦΦӡ༻Λͨͬߦɽ͜ΕʹΑΓϛεϓϥΠε

͍ͯ͠Δ໏ฑΛಛఆ͠ɼదਖ਼Ձ֨΁ͷमਖ਼Λར༻ͨ͠ӡ༻Λߦ

͍ɼϙʔτϑΥϦΦӡ༻ͷଥ౰ੑΛ֬ೝͨ͠ɽ͞ΒʹɼFXࢢ৔
΁ͷద༻΋ͨͬߦɽࢢࣜג৔ͱಉ༷ʹɼFXࢢ৔Ͱ΋ෳ਺࣌ؒ
εέʔϧͷσʔλΛ׆༻͢Δ͜ͱͷ༗ޮੑΛ֬ೝͨ͠ɽ·ͨɼ

ྲྀಈੑͷ͍ߴ FXࢢ৔ʹ߹Θͤͨӡ༻ख๏Λߏங͠ɼͦͷଥ౰
ੑΛ֬ೝͨ͠ɽ

ਤ 6: ઈର஋Λ෇༩ͨ͠ҟৗ౓ͷ্Ґ 11௨՟ϖΞʢ1Qʣ·ͨ͸ԼҐ 10
௨՟ϖΞʢ2QʣͰߏ੒͞ΕͨϩϯάγϣʔτϙʔτϑΥϦΦɽߏ
ங೔͕ҟͳΔ 3 ૊ͦΕͧΕͷྦྷ࿨ϦλʔϯΛࡉઢͰࣔ͠ɼͦΕΒ
ͷฏۉ஋ΛଠઢͰࣔ͢ɽ

ຊߘͷ಺༰͸චऀݸਓͷݟղͰ͋Γɼॴଐ૊৫ͷެࣜݟղͰ

͸͋Γ·ͤΜɽຊڀݚͷҰ෦͸ɼJSPSՊݚඅ (20K11969)ͷॿ
੒ʹΑΓߦΘΕ·ͨ͠ɽ

จ ݙ
[1] E. Fama: “Efficient Capital Markets: A Review of Theory and Em-

pirical Work,” The Journal of Finance, vol.25, no.2, pp.383–417,
1970.

[2] S. Sugitomo and S. Minami: “Fundamental factor models using ma-
chine learning,” The Journal of Mathematical Finance, vol.8, no.1,
pp.111–118, 2018.

[3] K. Nakagawa, T. Uchida, T. Aoshima: “Deep factor model: Ex-
plaining deep learning decisions for forecasting stock returns with
layer-wise relevance propagation,” Lecture Notes in Computer Sci-
ence, vol.11054, pp.37–50, 2019.

[4] S. Gu, B. Kelly, D. Xiu: “Autoencoder asset pricing models,” The
Journal of Econometrics, vol.222, Issue 1, Part B, pp.429–450, 2021.

[5] R. Roll and S .Ross: “An empirical investigation of the arbitrage
pricing theory,” The Journal of Finance, vol.35, no.5, pp.1073–1103,
1980.

[6] E.F. Fama and K.R. French: “The cross-section of expected stock
returns,” The Journal of Finance, vol.47, no.2, pp.427–465, 1992.

[7] B. Rosenberg: “Extra-market components of covariance in security
returns,” The Journal of Financial and Quantitative Analysis, vol.9,
no.2, pp.263–274, 1974.

[8] G. Feng, S. Giglio, D. Xiu: “Taming the factor zoo: a test of new
factors,” The Journal of Finance, vol.75, no.3, pp.1327–1370, 2020.

[9] ઒ాӯو,ాத཮,ླ໦ஐ໵: “ΦʔτΤϯίʔμͷҟৗݕ஌ʹΑ
Δߦಈֶࡁܦతಛੑͷநग़,”ిࢠ৘ใ௨৴ֶձ૯߹େձ, N-2-16,
2021ɽ

[10] J.H. Choi and S. Suh: “Conditionally-hedge currency carry trades,”
The Journal of International Financial Markets, Institutions and
Money, vol.79, 101591, 2022.

[11] M. Obstfeld and A.M. Taylor: “Nonlinear aspects of goods-market
arbitrage and adjustment: Heckscher’s commodity points revisited,”
The Journal of the Japanese and International Economies, vol.11,
no.4, pp.441–479, 1997.

[12] I. Filippou, A.E. Gozluklu, M.P. Taylor: “Global political risk and cur-
rency momentum,” The Journal of Financial and Quantitative Analy-
sis, vol.53, no.5, pp.2227–2259, 2018.

[13] H. Gotou and T. Suzuki: “Biased reactions to abnormal stock prices
detected by autoencoder,” Journal of Signal Processing, vol.20, no.4,
pp.157–160, 2016.

[14] Ӎ୩ྐྵथ,઒ాӯو,ాத཮,ླ໦ஐ໵: “FX ৔ʹ͓͚ΔΦʔτࢢ
Τϯίʔμͷҟৗݕ஌Λ׆༻ͨ͠ϙʔτϑΥϦΦӡ༻,” ਓ޻஌
ೳֶձۚ༥৘ใֶڀݚձ, SIG-FIN28-14, pp.73–77, 2021.

— 6 —


