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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. · ͑ ͕ ͖

Ծઆࢢʹ͓͍ͯɼFamaʹΑΔޮతࢢࣜג [1]͕͋Γɼ
ՁϥϯμϜΥʔגΕɼ·ࠐ৫Γʹ࣌Ձʹؔ͢Δใॠג

Ϋ͢Δɽ͜Ε͕ਅ࣮Ͱ͋Εɼࣜגӡ༻ʹ͓͍ͯաڈͷྻܥ࣌

ใແՁͰ͋Δɽ͔͠͠ҰํͰɼΫϩεηΫγϣϯใͷ

༗༻ੑൺֱతೝ͞Ε͓ͯΓɼػցֶशΛద༻͢Δ͕ڀݚ

ଟ͘ߦΘΕ͍ͯΔ [2]ʙ[4]ɽ࣮ʹ͓͍ͯɼଟฑͷڞࢄ
Λར༻ͨ͠ϙʔτϑΥϦΦӡ༻ϑΝΫλʔӡ༻ɼϖΞτߏ

ϨʔσΟϯά͕༻͍ΒΕ͍ͯΔɽಛʹࡋఆՁ֨ཧ [5]Ϛ
ϧνϑΝΫλʔϞσϧ [6], [7]ͷΈʹ͓͍ͯɼ͜Ε·Ͱඦ
ͿϑΝΫλʔ͕ఏҊ͞Ε͓ͯΓٴʹ [8]ɼಈతʹมԽ͢Δࡁܦ
Լʹ͓͍ͯ༗༻ͳϑΝΫλʔΛಛఆ͢Δ͜ͱ༰қͰͳڥ

͍ɽͦ͜ͰຊڀݚͰɼΦʔτΤϯίʔμΛ༻͍Δ͜ͱͰ༗ޮ

ͳϑΝΫλʔΛજࡏมͱͯ͠ಈతʹਪఆ͢Δɽ

ΦʔτΤϯίʔμΛֶश͢ΔࡍɼֶशσʔλʹגՁ͔Βࢉ

ग़ͨ͠ऩӹσʔλΛ༻͢ΔɽҰൠతʹػցֶशʹ͓͍ͯɼ

ங͢ΔͨΊʹɼେͳֶशσʔλ͕ඞཁߏਫ਼ͳϞσϧΛߴ

Ͱ͋Δɽ͔͠͠ɼ୯Ұؒ࣌εέʔϧͰֶशʹ༻Ͱ͖Δσʔ

λ͕গͳ͍ͨΊɼॆͳֶशਫ਼ΛಘΔ͜ͱ͕͍͜͠ͱʹՃ

͑ͯɼະͷࢢঢ়ଶʹ໘͢ΔՄੑ͕େ͖͘ͳΔɽͦ͜Ͱ

ຊڀݚͰɼσʔλ֦ுΛࢼΈΔɽσʔλ֦ுը૾ೝࣝࣗ

વޠݴॲཧͳͲͷ༷ʑͳͰߦ͕ڀݚΘΕ͍ͯΔɽຊڀݚͰ

ɼςετσʔλͱͯ͠༻͢Δؒ࣌εέʔϧΑΓظͷ࣌

ؒεέʔϧͷσʔλֶशʹซ༻͢Δ͜ͱͰσʔλ֦ுΛ͍ߦɼ

ۚ༥ػցֶशʹ͓͚Δ༗ޮੑΛ͢ূݕΔɽ
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ͦͷྫࣄ༺׆ͱͯ͠ɼϙʔτϑΥϦΦӡ༻ʹ͓͚Δฑબ

ʹண͢؟Δɽֶशͨ͠ΦʔτΤϯίʔμͷग़ྗΛϚϧνϑΝΫ

λʔϞσϧʹ४ͨ͠ڌཧͱΈͳ͠ɼ࣮ݱͱͷဃΛධՁ

͢Δ͜ͱͰ࣌ݱʹ͓͚ΔҟৗͳגՁมಈΛݕग़͠ [9]ɼదਖ਼
Ձ֨ͷमਖ਼Λར༻ͨ͠ӡ༻ख๏ΛఏҊ͢Δɽ

͞ΒʹɼFX ఠ͞Ε͓ͯΓɼࢦ͕ࡏͰϑΝΫλʔͷଘࢢ
༷ʑͳ࣮ূੳ͕ͳ͞Ε͍ͯΔ [10]ʙ[12]ɽΦʔτΤϯίʔμ
ऩӹσʔλ͑͋͞ΕֶशՄͰ͋ΔͨΊɼࢢࣜגͷΈ

ͳΒͣ FXࢢʹ͓͍ͯຊख๏Λద༻͠ɼͦͷ༗༻ੑΛ֬ೝ
͢Δ͜ͱͰɼۚ༥ࢢʹ͓͚Δ൚༻తͳϙʔτϑΥϦΦϞσϧ

ΛߏஙͰ͖Δ͜ͱΛ͢ূݕΔɽ

2. ෳؒ࣌εέʔϧΑΔσʔλ֦ு

ຊڀݚͰɼ࣍εέʔϧͷגՁྻܥ࣌ p(t)͔Β༷ʑͳؒ࣌
εέʔϧ τ ͷऩӹσʔλΛෳ͢Δ͜ͱͰɼΦʔτΤϯίʔ

μͷֶशσʔλΛ૿Ճͤ͞Δɽ·ͨɼຊઅͰֶशσʔλΛ༻

͍ͯΦʔτΤϯίʔμΛֶश͠ɼςετσʔλΛ༻ֶ͍ͯशࡁ

ΈΦʔτΤϯίʔμΛධՁ͢Δɽ

·ͣɼ࣌ t ʹ͓͚Δฑ i ͷגՁΛ pi(t)ͱ͠ɼؒ࣌εέʔ
ϧ τ ʹ͓͚ΔגՁͷऩӹ ri,τ (t)Λࢉग़͢Δɽ

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

(1)

͜͜Ͱ τ = 1ͳΒ࣍εέʔϧɼτ = 20ͳΒ݄࣍εέʔϧ
ʹ૬͢Δɽͳ͓ຊߘΛ௨ͯ͡ɼ1िؒΛ 5Ӧۀͱͯ͠දݱ
͢Δɽ

ͷશฑʢiࠁ࣌ɼಉʹ࣍ = 1 ∼ NʣͷΫϩεηΫγϣϯใ

ΛϕΫτϧԽ͢Δɽ

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

͜ΕΛΦʔτΤϯίʔμͷೖྗʹೖ͢Δ͕ɼτ ʹԠͯ͡ऩ

ӹ ri,τ (t)ͷεέʔϧ͕ҟͳΔͨΊɼrτ (t)Λߏ͢Δશཁૉͷ
ඪ४ภࠩ στ (t)Ͱਖ਼نԽ͢Δɽ

r†τ (t) = rτ (t)
στ (t) (3)

ֶशσʔλʹؔͯ͠ɼ֤ؒ࣌εέʔϧͰσʔλΛ౷Ұ͢Δɽ

εέʔϧؒ࣌ τ ʹ͓͍ͯɼςετؒظͷ͋Δ࣌ ttest ͔Β

ۙաڈ (τ − 1)αϯϓϧͷσʔλɼࣜ (1)ʹΑΓ࣌ ttest ͱ

૬ؔΛͨͭ࣋Ίɼֶशσʔλͱͯ͠༻͠ͳ͍ʢֶशσʔλ͕

ςετσʔλͱ૬͕ؔ͋ΔͱɼΦʔτΤϯίʔμ͕աֶश͢Δ

΄Ͳਫ਼͕͘ߴͳΓɼ൚ԽੑͷධՁͱͯ͠దͰͳ͘ͳΔ

ͨΊʣɽͦ͜Ͱɼ࣌ ttest ͷۙաڈ (τ − 1)αϯϓϧͷσʔλ
ΛऔΓআ͍ͨޙͷ 1200αϯϓϧʢ 5ʣͷऩӹΛֶश
σʔλͱͯ͠༻͢Δɽͭ·Γɼؒ࣌εέʔϧ 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

தؒͷ 1

ͭ·Γؒ࣌εέʔϧ τ ʹΑΒͣɼֶशσʔλ 1200αϯϓϧ
ͱ͢Δɽ

εέʔϧؒ࣌Δ͢༺ऴతʹɼςετσʔλͱͯ͠࠷ τtest

ͷֶशσʔλू߹ Sτt est (ttest )ҎԼͱͳΔɽ

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

τ ∈ 1 ∼ τtest ]
(5)

͜ͷΑ͏ʹෳؒ࣌εέʔϧͷσʔλΛಉ࣌ʹΦʔτΤϯίʔ

μʹೖֶ͠शΛ͏ߦɽ

ͳ͓ɼ୯Ұؒ࣌εέʔϧ τtest ͷΈͰΦʔτΤϯίʔμΛֶ

श͢Δ߹ɼֶशσʔλू߹ Sτt est (ttest )ҎԼͱͳΔɽ

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

τ ∈ τtest ]
(6)

·ͨɼΦʔτΤϯίʔμೖྗɾதؒɾग़ྗͷશ݁߹ܕ

ͷߏͰɼग़ྗʹ linearؔΛ༻͢ΔɽΦʔτΤϯίʔ
μͷதؒͰநग़͞ΕͨજࡏมɼैདྷͷϚϧνϑΝΫλʔ

Ϟσϧ [6], [7]ͱରԠ͢Δɽͳ͓ɼΦʔτΤϯίʔμʹ༻͍֤ͨ
छϋΠύʔύϥϝʔλΛද 1ʹࣔ͢ɽະࡌهͷͷσϑΥϧ
τΛ༻͍ͨɽ

3.  ੳ

3. 1 σʔληοτ

ຊڀݚͰɼຊࢢࣜגΛରʹੳΛ͏ߦɽੳͷϢ

χόʔεͱͯ͠ɼTOPIXߏฑ (্ഇࢭฑΛؚΉ)Λ
༻͢Δɽؒظ 2010 1݄ʙ2021 12݄ͱ͠ɼ͜ͷ 2016
 1݄ʙ2017 10݄Ͱෳؒ࣌εέʔϧͷσʔλΛ׆༻͢Δ
༗ޮੑͷٴূݕͼϞσϧͷ࠷దԽΛ͍ߦʢʙ4.3 ষʣɼ2018 
1݄ʙ2021 12݄Ͱ࠷దԽ͞ΕͨϞσϧΛ༻͍ͯӡ༻γϛϡ
ϨʔγϣϯΛ͏ߦʢ4.4ষʣɽσʔλશͯ Refinitiv Eikon͔Β
औಘͨ͠ɽ

3. 2 ϑΝΠϯνϡʔχϯάͱͷൺֱ

લষͷσʔλ֦ுͷଞʹɼϑΝΠϯνϡʔχϯάʹΑΔෳ

ΒΕΔɽϑΝΠϯνϡʔχϯ͑ߟ༺׆εέʔϧͷσʔλؒ࣌

άͱɼେنͳσʔλΛ༻͍ͯࣄલֶशΛ͍ߦɼͦͷޙʹର

λεΫͷখنσʔλΛ༻͍ͯϞσϧΛඍௐ͢Δػցֶश

ख๏Ͱ͋Δɽ

ෳؒ࣌εέʔϧͷσʔλΛ׆༻ͯ͠ϑΝΠϯνϡʔχϯά

Λ͏ߦ߹ɼରλεΫͷؒ࣌εέʔϧ 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

தؒͷੑ׆Խؔ linear ؔɼtanh ؔ

ͦͷޙɼϞσϧΛඍௐ͢ΔͨΊʹ༻͢Δֶशσʔλू߹

S f t
τt est (ttest )ҎԼͱͳΔɽ

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

τ ∈ τtest ]
(8)

͜ͷΑ͏ʹରλεΫͷؒ࣌εέʔϧΑΓظͷؒ࣌εέʔ

ϧͷσʔλͰࣄલֶशΛ͍ߦɼͦͷޙʹରλεΫͷؒ࣌ε

έʔϧͷσʔλͰϞσϧΛඍௐ͢Δɽ

ͳ͓ɼֶशʹ༻͢Δؒظࣜ (4)ɼϋΠύʔύϥϝʔλද
1ͱಉ͡Ͱ͋Δɽ

3. 3 ൚ Խ ੑ 

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

ͯɼςετؒظͷ֤࣌Ͱࢉग़ͨ͠ RMSE ͷฏۉΛ༻͢
Δɽൺֱख๏ͱͯ͠ɼࣜ (6)ʹΑΔ୯Ұؒ࣌εέʔϧͷΈͰֶ
शͨ͠ϞσϧʢҎ߱ɼSTS: Single Time ScaleʣΛ༻͢Δɽ·
ͨɼϞσϧͷ࠷దԽಉ͏ߦʹ࣌ɽ࠷దԽ͢Δ߲Λද 2ʹࣔ
͢ɽࣜ (7)͓Αͼࣜ (8)ʹΑΔϑΝΠϯνϡʔχϯάΛ׆༻͢
ΔϞσϧʢҎ߱ɼFT: Fine Tuningʣલઅͷ௨ΓͰ͋Δɽͭ·
ΓɼMTSɼSTSɼFTٴͼ֤ϞσϧͷதؒΛ linearؔɼtanh
ؔͱͨ͠߹ͷશ 6छྨͷϞσϧͰ൚ԽࠩޡͷൺֱΛ͏ߦɽ
ͳ͓ຊઅͰɼதؒͷѹॖ C  50%ͱ͢Δɽ
ਤ 1ʹɼςετؒظʹ͓͚Δ֤ؒ࣌εέʔϧͷ൚Խࠩޡͷ݁
ՌΛࣔ͢ɽҎԼʹɼಘΒΕͨ݁ՌͱͦͷߟΛࣔ͢ɽ

• MTSٴͼ FTɼSTSΑΓ൚Խ͕ࠩޡখ͍͞ɽ͜ͷ݁Ռ
͔Βɼֶशʹෳؒ࣌εέʔϧͷσʔλΛ׆༻͢Δ͜ͱ͕༗ޮ

Ͱ͋Δ͜ͱ͕͔Δɽෳؒ࣌εέʔϧͷσʔλΛ׆༻͢Δ͜

ͱͰ൚Խ͕ࠩޡখ͘͞ͳͬͨཧ༝ͱͯ͠ɼݩʑͷϑΝΫλʔϞ

σϧʹݻ༗ͷؒ࣌εέʔϧ͕ͳ͍ͨΊɼෳؒ࣌εέʔϧͷ

σʔλΛ׆༻͢Δ͜ͱ͕σʔλ֦ுʹݙߩͰ͖ͨͱ͑ߟΒΕΔɽ

• MTSɼFTΑΓ൚Խ͕ࠩޡখ͍͞ɽ͜ͷ݁Ռ͔Βɼֶ श

ʹෳؒ࣌εέʔϧͷσʔλΛ׆༻͢Δ߹ɼϑΝΠϯνϡʔ

χϯάΛద༻͢ΔΑΓɼͦΕͧΕΛಉ࣌ʹֶशͨ͠ํ͕ߴਫ਼

ͳϞσϧΛߏஙͰ͖Δ͜ͱ͕͔ΔɽϑΝΠϯνϡʔχϯά

Λ׆༻ͨ͠ͱ͖ʹ൚Խ͕ࠩޡେ͖͘ͳͬͨཧ༝ͱͯ͠ɼࣄલֶ

शΛޙͨͬߦʹରͷؒ࣌εέʔϧͰϞσϧΛֶ࠶शͨ͠ࡍʹ

աֶशΛҾ͖ͨ͜͠ىͱ͑ߟΒΕΔɽ͜Εલड़ͷ௨Γɼຊདྷ

ͷϚϧνϑΝΫλʔϞσϧʹݻ༗ͷؒ࣌εέʔϧແ͍͕ɼ

ରͷؒ࣌εέʔϧͰϑΝΠϯνϡʔχϯά͢Δͱσʔλʹ੍

ΒΕΔɽ͑ߟՃΘͬͯ͠·͏ͨΊͱ͕ݶ

• MTS ͼٴ FT Ͱɼதؒͷੑ׆Խ͕ؔ linear ؔ
ͷํ͕ tanhؔΑΓ൚Խ͕ࠩޡখ͍͞ɽSTSͰɼτtest ≤ 14
ͷͱ͖ tanh ؔͷํ͕ linear ؔΑΓ൚Խ͕ࠩޡখ͍͕͞ɼ

ਤ 1: ςετؒظʹ͓͚Δ֤ؒ࣌εέʔϧͷ൚Խࠩޡɽຌྫͷׅހ
தؒͷੑ׆ԽؔΛࣔ͢ɽ

ਤ 2: தؒͷѹॖ C ΛมԽͤͨ͞߹ͷ൚Խࠩޡ

τtest ≥ 15ͷͱ͖ linearؔͷํ͕ tanhؔΑΓ൚Խ͕ࠩޡখ
͘͞ͳ͍ͬͯΔɽ

• MTSٴͼ FTɼ֓Ͷؒ࣌εέʔϧ͕େ͖͘ͳΔʹͭΕ
ͯ൚Խࠩޡখ͘͞ͳΔɽؒ࣌εέʔϧ͕େ͖͘ͳΔʹͭΕͯ

൚Խ͕ࠩޡখ͘͞ͳΔཧ༝ͱͯ͠ɼؒ࣌εέʔϧ͕େ͖͘ͳΔ

ͱظͷؒ࣌εέʔϧ͕૿Ճ͢ΔͨΊɼͦΕʹֶ͍शσʔλ

૿Ճ͢ΔͨΊͱ͑ߟΒΕΔɽ

Ҏ্ͷ݁Ռ͔ΒɼϑΝΠϯνϡʔχϯάͳ͠ɼதؒͷੑ׆

Խؔ linearؔɼͭ·Γதؒͷੑ׆Խ͕ؔ linearؔ
ͷ MTS͕࠷దͳϞσϧͰ͋Δͱ͑ߟΒΕΔɽΑͬͯɼҎ߱ͷ
Δɽ͢༺దԽ͞ΕͨϞσϧΛ࠷Ͱ͜ͷݧ࣮

3. 4 தؒͷѹॖ

ΦʔτΤϯίʔμͷதؒͷѹॖ Cʢதؒͷݩ࣍ /ೖ
ྗͷݩ࣍ NʣΛมԽͤͨ͞߹ͷޮՌΛ͢ূݕΔɽຊઅͰ

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

͢ɽ݁Ռͱͯ͠ɼѹॖ C ͕େ͖͍΄Ͳ෮͠ݩ͍ͨ͢Ί൚Խ

Λখ͘͞Ͱ͖͍ͯΔɽ֓Ͷࠩޡ 50% ͳΒ൚Խ͕ࠩޡऩଋ͠
͍ͯΔͨΊɼҎޙͷ࣮ݧͰѹॖ C Λ ఆ͢Δɽݻʹ50%

4. ӡ༻γϛϡϨʔγϣϯ

4. 1 ӡ ༻ ख ๏

ఏҊख๏Λҟৗݕʹ׆༻͠ɼϙʔτϑΥϦΦӡ༻Λ͏ߦɽ

ຊڀݚͰɼ݄࣍εέʔϧͰͷӡ༻Λతͱ͍ͯ͠ΔͨΊ

τtest = 20ͱ͢Δɽ
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࣌ ttest ͷऩӹͷ࣮ݱ r†τt est (ttest )ΛֶशࡁΈΦʔτΤϯ
ίʔμʹೖ͠ɼ෮ݩ r̂†τt est (ttest )ΛಘΔɽ࣮ݱ r†τt est (ttest )
ͱͷဃΛ

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

ͱ͠ɼ֤ฑ i ͷҟৗ Ai,τt est (ttest )Λࣜ࣍ͰධՁ͢Δɽ

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)Ͱ͋Δɽฑ i ຖͷֶशқʹج

͍ͮͯɼҟৗͷධՁج४Λิਖ਼͍ͯ͠Δɽͳ͓ɼ࣌ ttest ͕

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

ࣜʢ10ʣͷҟৗ Ai,τt est (ttest ) ϙʔτϑΥϦΦ͍ͯͮجʹ
Λߏ͢Δฑ i Λબ͢Δɽաͳू܈৺ཧʹΑͬͯҟৗ

͕ൃੜ͢ΔͱԾఆ͢Δͱɼҟৗ Ai,τt est (ttest ) ʹݸผࣄ
ʢχϡʔεͳͲͷࡐྉʣʹՃ͑ͯɼू܈৺ཧʹΑΔϛεϓϥΠ

εؚ·ΕΔՄੑ͕͋ΔɽϛεϓϥΠεࢢͷޮੑʹΑ

Γదਖ਼Ձ֨ʹमਖ਼͞ΕΔͳΒɼͦͷमਖ਼ྗʹΑΔϦόʔαϧ

͞ΕΔظ͕ݱ [13]ɽͦ͜Ͱɼ֤࣌Ͱҟৗ Ai,τt est (ttest )
ͷେ͖͞ʹԠͯ͡ฑΛ 5ҐʹάϧʔϓԽ͠ɼ1QΛ࠷খ
Ґɼ5QΛ࠷େҐͱ͢ΔɽϞσϧ͕దʹҟৗΛݕͰ͖ͯ
͍ΔͳΒɼ1Qʹׂ҆ฑɼ5Qʹׂߴฑ͕ྨ͞ΕΔɽ
ೖൺ֤Ґʹ͓͍ͯΣΠτͱ͠ɼ20पظͷӡ༻γ
ϛϡϨʔγϣϯΛ࣮͢ߦΔɽ

4. 2 ฑબͷ

·ͣɼ2016 1݄ʙ2017 10݄Λςετؒظͱͯ͠ɼฑ
બͷʹ͍ͭͯ֬ೝ͢Δɽ1Qͷׂ҆ฑΛϩϯάɼ5Qͷ
ஙߏฑΛγϣʔτ͢ΔϩϯάγϣʔτϙʔτϑΥϦΦΛߴׂ

͢Δ߹ɼҟৗ͕ਖ਼ෛʹৼಈ͢Δͱɼಉ͡ฑΛަޓʹϩϯ

άͱγϣʔτΛަ܁ʹޓΓฦ͢Մੑ͕͋Δɽͦͷ߹ചങ

αΠΫϧ͕ૣ·ΔͨΊɼऔҾίετ͓ΑͼΦϖϨʔγϣϯͷෛ

ՙ͕૿େ͢Δɽͦ͜Ͱ 2छྨͷํ๏Λ༻͍ͯҟৗͷৼಈΛ֬
ೝ͢ΔɽͦΕͧΕͷํ๏ͷ۩ମతͳखॱΛҎԼʹࣔ͢ɽ

ํ๏ 1ɿࣗݾ૬ؔ
ʢ 1ʣ શฑͷҟৗΛશؒظ͢ࢉܭΔɽ
ʢ 2ʣ ֤ฑͰҟৗͷࣗݾ૬ؔΛ͢ࢉܭΔɽ
ํ๏ 2ɿJaccard
ʢ 1ʣ ฑ༺࠾ (1Qɾ5Q)Λશؒظऔಘ͢Δɽ
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 ͷޙ࣌ 1Q ·ͨ 5Q ฑू߹ɼ༺࠾
PFL(n)  n ͷޙ࣌ 1Q ฑू߹ʢϩϯάϙʔτϑΥϦ༺࠾
ΦʣɼPFS(n) n࣌ޙͷ 5Q࠾༻ฑू߹ʢγϣʔτϙʔτ

(a)ํ๏ 1ɿࣗݾ૬ؔ

(b)ํ๏ 2ɿJaccard 

ਤ 3: ҟৗͷৼಈΛ֬ೝɽࣗݾ૬ؔ (্ਤ) ߏங͕ҟͳΔ 20 ͷ
ฏۉΛࣔ͢ɽJaccard (Լਤ)ߏங͕ҟͳΔ 20ͦΕͧ
ΕͷҰகΛࡉઢͰࣔ͠ɼͦΕΒͷฏۉΛଠઢͰࣔ͢ɽ

ϑΥϦΦʣͰ͋Δɽͳ͓ n = 0ͷ߹ɼҟৗΛࢉग़ͨ࣌͠
ͷ࠾༻ฑू߹Ͱ͋Δɽ

ͱ࣌ݱ૬ؔͱɼ֤ฑͷݾࣗ n࣌ޙͷҟৗͷ૬ؔ

Ͱ͋Δɽͭ·Γɼࣗݾ૬ؔҟৗ͕ৼಈ͍ͯ͠ΔͳΒ −1
ʹ͖ۙͮɼٯʹҟৗ͕ҰఆͷΛਪҠ͢ΔͳΒ 1ʹۙͮ͘ɽ

Jaccardͱɼ2ͭͷू߹ʹؚ·Ε͍ͯΔཁૉͷ͏ͪڞ௨
ཁૉ͕ΊΔׂ߹Ͱ͋Δɽͭ·Γɼ1Q ͱ 5Q ͞༺࠾ʹޓަʹ
ΕΔฑ͕ଟ͘ଘ͢ࡏΔͳΒ C(n)ͷ͕େ͖͘ͳΓɼ1Q·
ͨ 5Qͷ͍ͣΕ͔ยํʹ࠾༻͞Εଓ͚Δฑ͕ଟ͘ଘ͢ࡏΔ
ͳΒ B(n)ͷ͕େ͖͘ͳΔɽ·ͨɼ1Q·ͨ 5Qͷ͍ͣΕ
ΔͳΒ͢ࡏΕଓ͚Δฑ͕ଟ͘ଘ͞༺࠾ʹ͔ A(n) ͷ͕େ
͖͘ͳΔɽຊઅͰɼӡ༻ख๏ͷଥੑΛ͢ূݕΔͨΊɼಛʹ

B(n)ͱ C(n)ͷେখؔʹ͢ΔɽB(n) < C(n)ͳΒ 1Qͱ
5Q Ͱަ࠾ʹޓ༻͞Ε͍ͯΔฑ͕ଟ͘ଘ͢ࡏΔͱ͑ߟΒΕɼ
B(n) > C(n)ͳΒ 1Q·ͨ 5Qͷ͍ͣΕ͔ʹ࠾༻͞Εଓ͚ͯ
͍Δฑ͕ଟ͘ଘ͢ࡏΔͱ͑ߟΒΕΔɽ

ϙʔτϑΥϦΦͷߏங͕ҟͳΔಠཱͳγϛϡϨʔγϣϯΛ

20ճ࣮͠ߦɼਤ 3aʹ֤ฑͷҟৗͷࣗݾ૬ؔͷฏۉΛശ
ͻ͛ਤͰදͨ݁͠Ռɼਤ 3bʹ JaccardΛϓϩοτͨ݁͠Ռ
Λࣔ͢ɽਤ 3a͔Βɼ֤ฑͷࣗݾ૬ؔͷதԝ n = 1ͷͱ͖
0ΑΓখ͘͞ɼn ≥ 2ͷͱ͖֓Ͷ 0Ͱ͋Δ͜ͱ͕͔Δɽਤ 3b
͔ΒɼJaccard n = 1ͷͱ͖ B(n) < C(n)Ͱ͋Γɼn ≥ 2ͷ
ͱ͖ B(n) ≈ C(n)Ͱ͋Δ͜ͱ͕͔ΔɽҎ্ͷ݁Ռ͔Βɼ͜ͷ
ӡ༻ख๏ ͑ߟΔͱ͕͋υςϯΤϯτϦʔ͢Δʹޙ࣌1
ΒΕΔɽ

4. 3 ฑબʹ੍Λઃ͚Δ߹

લઅͰ Ͱҟৗ͕ৼಈ͠ɼυςϯΤϯτϦʔ͢Δ·ޙ࣌1
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Δ͜ͱ͕͔ͬͨɽͦ͜ͰυςϯΤϯτϦʔΛ͙͕ͨ͋

Ίʹӡ༻ख๏ʹ੍Λઃ͚Δɽ੍ 2छྨ͋ΓɼͦΕͧΕͷ
۩ମతͳ༰ΛҎԼʹࣔ͢ɽ

੍ 1
• 1Q ·ͨ 5Q Εͨฑ͞༺࠾ʹ 1 ʹنͰ৽ޙ࣌

ΤϯτϦʔ͠ͳ͍ɽ

੍ 2
• 1Q Εͨฑ͕͞༺࠾ʹ 1 ʹޙ࣌ 5Q Εͨ͞༺࠾ʹ

߹ɼͦͷฑΤϯτϦʔ͠ͳ͍ɽ

• 5Q Εͨฑ͕͞༺࠾ʹ 1 ʹޙ࣌ 1Q Εͨ͞༺࠾ʹ
߹ɼͦͷฑΤϯτϦʔ͠ͳ͍ɽ

͜ͷ 2छྨ͍ͣΕ͔ͷ੍Λઃ͚Δ͜ͱʹΑͬͯɼυςϯΤ
ϯτϦʔΛ͙ӡ༻Λ͜͏ߦͱ͕Ͱ͖Δɽ

4. 4 ӡ༻ύϑΥʔϚϯε

͜Ε·ͰͷςετؒظҎ߱ͷ 2018 1݄ʙ2021 12݄Λ
ӡ༻ؒظͱͯ͠ɼ2छྨͷӡ༻γϛϡϨʔγϣϯΛ͏ߦɽ1ͭ
ɼ֤࣌ͷҟৗʹԠͯ͡ 5ҐͷϩϯάϙʔτϑΥϦΦ
Λߏங͠ɼ5Ґͯ͢ͷ֫ಘϦλʔϯͷฏۉʢϕϯνϚʔ
ΫʣΛ߇আ͢Δӡ༻γϛϡϨʔγϣϯͰ͋Δɽ2ͭɼ1Q࠾
༻ฑΛϩϯάɼ5Q࠾༻ฑΛγϣʔτ͢Δϩϯάγϣʔτ
ϙʔτϑΥϦΦΛߏங͠ɼӡ༻ख๏ʹ੍Λઃ͚ͨ߹ͱઃ͚

ͳ͍߹ͷӡ༻γϛϡϨʔγϣϯͰ͋Δɽਤ 4ʹɼϙʔτϑΥ
ϦΦͷߏங͕ҟͳΔಠཱͳӡ༻γϛϡϨʔγϣϯΛ 20ճ࣮
ՌΛࣔ͢ɽਤ݁ͨ͠ߦ 4aΞΫςΟϒϦλʔϯɼਤ 4bεϓ
ϨουϦλʔϯΛྦྷͨ͠ྻܥ࣌άϥϑͰ͋Δɽ

ਤ 4a͔Βɼӡ༻ύϑΥʔϚϯεҐॱʹͳ͓ͬͯΓɼҟৗ
 Ai,τt est (ttest ) ฑબͷଥੑΛ֬ೝͰ͖Δɽਤͮ͘جʹ
4b͔Βɼӡ༻ύϑΥʔϚϯεӈ্͕ݞΓʹਪҠ͓ͯ͠Γɼ҆
ఆͨ͠ӡ༻͕Ͱ͖͍ͯΔ͜ͱ͕͔Δɽ·ͨɼ੍Λઃ͚ͨ

߹Ͱ҆ఆͨ͠ӡ༻͕Ͱ͖͓ͯΓɼചങʹ੍ݶΛઃ͚Δ͜ͱʹ

ΑͬͯചങίετΛ͑ͳ͕Βӡ༻Λ͜͏ߦͱ͕Ͱ͖Δͱ͑ߟ

ΒΕΔɽ

5. FXࢢͷద༻

5. 1 σʔληοτ

ΦʔτΤϯίʔμϚϧνϑΝΫλʔϞσϧͷ֦ுͰ͋Δͨ

Ίɼऩӹσʔλ͑͋͞ΕֶशΛ͜͏ߦͱ͕Ͱ͖Δɽͦ͜Ͱ

ఏҊख๏͕ࢢࣜג͚ͩͰͳ͘ FXࢢͰ༗ޮ͔ূݕΛ͏ߦɽ
ੳͷϢχόʔεͱͯ͠ɼG10Ճໍࠃ௨՟Λ༻͢Δɽ۩ମత
ʹɼຊԁɼถυϧɼϢʔϩɼϙϯυɼΧφμυϧɼεΠε

ϑϥϯɼεΣʔσϯΫϩʔφͷશ߹ͤʢ21௨՟ϖΞʣͰ͋
Δɽؒظ 2010 8݄ʙ2021 12݄ͱ͠ɼ͜ͷ 2016 1
݄ʙ2017 10݄Ͱ൚ԽੑΛ֬ೝ͠ɼ2018 1݄ʙ2021
12݄Ͱӡ༻γϛϡϨʔγϣϯΛ͏ߦɽ

5. 2 ൚ Խ ੑ 

2016 1݄ʙ2017 10݄Λςετؒظͱͯ͠ɼ൚Խࠩޡͷ
ൺֱΛ͏ߦɽ3.3અͱಉ༷ʹMTSɼFTɼSTSΛ༻͍ɼ֤Φʔτ
ΤϯίʔμͷதؒΛ linearؔɼtanhؔͱͨ͠߹ͷશ 6
छྨͷϞσϧͰ൚ԽࠩޡͷൺֱΛ͏ߦɽ

ਤ 5ʹɼ֤ؒ࣌εέʔϧͷ൚Խࠩޡͷ݁ՌΛࣔ͢ɽ݁Ռͱ͠

(a) 5 ҐͷϩϯάϙʔτϑΥϦΦ (੍ͳ͠ͷ߹)

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

ਤ 4: ӡ༻ύϑΥʔϚϯεɽߏங͕ҟͳΔ 20ͦΕͧΕͷྦྷϦλʔ
ϯΛࡉઢͰࣔ͠ɼͦΕΒͷฏۉΛଠઢͰࣔ͢ɽ

ਤ 5: ςετؒظʹ͓͚Δ֤ؒ࣌εέʔϧͷ൚Խࠩޡɽຌྫͷׅހ
தؒͷੑ׆ԽؔΛࣔ͢ɽ

ͯɼFXࢢͰෳؒ࣌εέʔϧͷσʔλΛ׆༻͢Δ͜ͱͰ
൚ԽࠩޡΛݮͰ͖͍ͯΔɽࢢࣜגͷ݁Ռͱͷ૬ҧͱ͠

ͯɼFTͷ൚Խ͕ࠩޡMTSͱಉͰ͋Δ͜ͱ͕͛ڍΒΕΔɽ͜
Εฑ͕ݮগͨ͜͠ͱʹΑͬͯɼಉ࣌ʹϞσϧͷύϥϝʔ

λݮগ͠ɼϑΝΠϯνϡʔχϯάΛͨͬߦͱ͖ʹաֶशΛ

Ҿ͖ͣ͜͞ىʹֶशͰ͖ͨͱ͑ߟΒΕΔɽ͔͠͠ɼݩʑͷϑΝ

ΫλʔϞσϧʹݻ༗ͷؒ࣌εέʔϧ͕ͳ͍ͨΊɼMTSͷ൚Խ
ΒΕΔɽ͑ߟͱಉͰ͋ͬͨͱࠩޡ

5. 3 ӡ ༻ ख ๏

FXࢢͰɼఏҊख๏Λҟৗݕʹ׆༻͠ɼϙʔτϑΥϦ
Φӡ༻Λ͏ߦɽ͔͠͠ɼFXࢢࢢࣜגͱҎԼͷ 3ͭͷ
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ͰҟͳΔͨΊɼ͜ΕΒΛྀͨ͠ߟӡ༻ख๏ΛվΊͯߏங͢Δɽ

• ɽ͍ߴΑΓྲྀಈੑ͕ࢢࣜג

• ΑΓฑʢ௨՟ϖΞʣ͕গͳ͍ɽࢢࣜג

• ֤௨՟ϖΞͰ࣠ج௨՟͕ҟͳΔɽ

1ͭͷྲྀಈੑͷҧ͍ʹؔͯ͠ɼFXࢢࢢࣜגΛؚΊͨ
ଞͷࢢΑΓྲྀಈੑ͕͍͜ߴͱ͕ΒΕ͍ͯΔɽͦͷͨΊɼઌ

ڀݚߦ [14]ͰϛεϓϥΠεʹର͢Δमਖ਼εϐʔυ͕͍Մ
ੑ͕ࣔࠦ͞Ε͍ͯΔɽͦ͜ͰࢢࣜגΛରͱͨ͠γϛϡϨʔ

γϣϯͰ τtest = 20ͱͯ͠ 20पظͷӡ༻Λ͕ͨͬߦɼFX
Ͱࢢ τtest = 3ͱͯ͠ 3पظͷӡ༻Λ࣮͢ߦΔɽ

2ͭͷฑʢ௨՟ϖΞʣͷҧ͍ʹؔͯ͠ɼࢢࣜגͰ
 1700ฑͰӡ༻Λ͕ͨͬߦɼFXࢢͰ 21௨՟ϖΞͰ
ӡ༻Λ͏ߦɽ͔͠͠ɼࢢࣜגͱಉ༷ʹ 5ҐͷϙʔτϑΥϦ
ΦΛߏஙͨ͠߹ɼ1ͭͷϙʔτϑΥϦΦʹ 4௨՟ϖΞ͠
͔Έࠐ·Εͳ͍͜ͱʹͳΔɽ͜ΕͰॆʹϦεΫ͕ࢄͰ

͖ͣɼϙʔτϑΥϦΦͷ֫ಘϦλʔϯʹେ͖ͳϊΠζؚ͕·Ε

ͯ͠·͏Մੑ͕͋Δɽͦ͜Ͱ FXࢢͰɼҐΛ 2Ґ
ʹͯ͠ϙʔτϑΥϦΦΛߏங͢Δɽ

3ͭͷ࣠ج௨՟ͷҧ͍ʹؔͯ͠ɼࢢࣜגͰͯ͢ͷฑ
ʹ͓͍ͯಉҰ௨՟ʹΑΔӡ༻Λલఏͱ͍ͯ͠Δ͕ɼFXࢢج
࣠௨՟͕֤௨՟ϖΞͰҟͳΔɽׂߴׂ҆ͷஅ࣠ج௨՟ʹ

Αͬͯූ߸͕ٯస͢ΔͨΊɼFXࢢͰϙʔτϑΥϦΦͷߏங
ํ๏ΛҎԼͷΑ͏ʹվΊΔɽ·ͣɼҟৗ Ai,τt est (ttest )ʹઈର
Λ༩͢Δɽ࣍ʹɼઈରΛ༩͞Εͨҟৗ |Ai,τt est (ttest )|
ͷ্Ґ 11௨՟ϖΞʢ1QʣͱԼҐ 10௨՟ϖΞʢ2QʣͰผʑʹ
ϙʔτϑΥϦΦΛߏங͢Δɽ͜ͷͱ͖ɼAi,τt est (ttest )ͷූ߸͕
ϚΠφεͷׂ҆௨՟ϖΞΛϩϯάɼϓϥεͷׂߴ௨՟ϖΞΛ

γϣʔτ͢ΔɽϞσϧ͕దʹҟৗΛݕͰ͖͍ͯΔͳΒɼ

1QʹϛεϓϥΠε͕େ͖͍ฑɼ2QʹϛεϓϥΠε͕খ
͍͞ฑ͕ྨ͞ΕΔɽ

5. 4 ӡ༻γϛϡϨʔγϣϯ

2018 1݄ʙ2021 12݄Λςετؒظͱͯ͠ɼલઅͷ FX
ɽ͏ߦʹ߹Θͤͨӡ༻ख๏Λ༻͍ͯӡ༻γϛϡϨʔγϣϯΛࢢ

ਤ 6 ʹɼϙʔτϑΥϦΦͷߏங͕ҟͳΔಠཱͳӡ༻γϛϡ
ϨʔγϣϯΛ 3ճ࣮݁ͨ͠ߦՌΛࣔ͢ɽӡ༻ύϑΥʔϚϯε
Ґॱʹͳ͓ͬͯΓɼҟৗ Ai,τt est (ttest ٴฑબͮ͘جʹ(
ͼͦͷූ߸ʹԠͨ͡ചങબͷଥੑΛ֬ೝͰ͖Δɽ

6. · ͱ Ί

ෳؒ࣌εέʔϧͷσʔλΛ׆༻ͯ͠ΦʔτΤϯίʔμͷֶ

शΛͨͬߦɽෳؒ࣌εέʔϧͷσʔλΛ׆༻͢Δ͜ͱͰɼ୯

Ұؒ࣌εέʔϧͷΈͰֶश͢Δ߹ΑΓ൚Խੑ্͕ͨ͠

͜ͱΛ֬ೝͨ͠ɽ·ͨɼԠ༻ྫࣄͱͯ͠ΦʔτΤϯίʔμΛ׆

༻ͨ͠ϙʔτϑΥϦΦӡ༻Λͨͬߦɽ͜ΕʹΑΓϛεϓϥΠε

͍ͯ͠ΔฑΛಛఆ͠ɼదਖ਼Ձ֨ͷमਖ਼Λར༻ͨ͠ӡ༻Λߦ

͍ɼϙʔτϑΥϦΦӡ༻ͷଥੑΛ֬ೝͨ͠ɽ͞ΒʹɼFXࢢ
ͷద༻ͨͬߦɽࢢࣜגͱಉ༷ʹɼFXࢢͰෳؒ࣌
εέʔϧͷσʔλΛ׆༻͢Δ͜ͱͷ༗ޮੑΛ֬ೝͨ͠ɽ·ͨɼ

ྲྀಈੑͷ͍ߴ FXࢢʹ߹Θͤͨӡ༻ख๏Λߏங͠ɼͦͷଥ
ੑΛ֬ೝͨ͠ɽ

ਤ 6: ઈରΛ༩ͨ͠ҟৗͷ্Ґ 11௨՟ϖΞʢ1Qʣ·ͨԼҐ 10
௨՟ϖΞʢ2QʣͰߏ͞ΕͨϩϯάγϣʔτϙʔτϑΥϦΦɽߏ
ங͕ҟͳΔ 3 ͦΕͧΕͷྦྷϦλʔϯΛࡉઢͰࣔ͠ɼͦΕΒ
ͷฏۉΛଠઢͰࣔ͢ɽ

ຊߘͷ༰චऀݸਓͷݟղͰ͋Γɼॴଐ৫ͷެࣜݟղͰ

͋Γ·ͤΜɽຊڀݚͷҰ෦ɼJSPSՊݚඅ (20K11969)ͷॿ
ʹΑΓߦΘΕ·ͨ͠ɽ
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