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Price Prediction of Used Cars at Auto Auction

by Machine Learning Methods
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Abstract: Buyers of used cars have to predict their dealing prices at auto auction held after

about one month, but it is very difficult to predict them because each condition of used cars is

completely different such as mileage, model year, body color, etc. For this reason, we propose

two prediction methods: as the first one, we consider the median of dealing prices in each car

model as a base price and predict its future price by time-series models: ARIMA and SARIMA.

After that, the predicted bace price is converted into the individual price of each used car by the

machine learning method that learned the relationship between the condition of used cars including

individual prices and the bace price. As the second method, we adopt the deep learning approach

to directly predict individual future prices of used cars without using the base price, but using all

the information attached to each used car as explanatory variables. To verify the usefulness of our

proposed methods for a used car assessment system, we performed some prediction tests using the

real auto-auction price data.

1 ͸͡Ίʹ

தंݹ͸Ϣʔβʔ͔Βങऔళ΁ྲྀΕͨޙɼओʹΦʔ
τΦʔΫγϣϯ [1]Λ௨ͯ͡ൢചళʹച٫͞ΕΔɽങऔ
ళͷཱ৔ʹཱͯ͹ɼങऔ͔ΒΦʔτΦʔΫγϣϯʹग़
඼͢Δ·ͰҰϲ݄͸ཁ͢ΔͨΊɼཌ݄ͷڝങՁ֨Λ༧
૝ͯ͠ങऔࠪఆՁ֨Λઃఆ͢Δඞཁ͕͋Δɽͦ͜Ͱג
ࣜձࣾϓϩτίʔϙϨʔγϣϯ (ҎԼɼϓϩτࣾ)Ͱ͸ɼ
ཌ݄ʹ։͞࠵ΕΔΦʔτΦʔΫγϣϯͰͷམࡳՁ֨Λ
ങऔళ͕ࠪఆंݹɼத͠࡞ఆγεςϜΛ੡ྀࠪͨ͠ߟ
Ձ֨Λܾఆ͢Δࡍͷ৘ใఏڙΛ͍ͯͬߦΔɽ
͔͠͠தंݹͷྲྀ௨Ձ֨Λ༧ଌ͢Δ͜ͱ͸େม೉͠
͍ɽͦͷཧ༝ͱͯ͠ɼதंݹ͸૸ڑߦ཭΍ं݄࢒ݕͱ
͍ͬͨಛ௃͕͝ंݸͱʹҟͳΓɼ།ҰແೋͷଘࡏͰ͋
Δɽͦ͜ͰϓϩτࣾͷࠪఆγεςϜ [2]Ͱ͸ɼ·ͣର৅
੷Λ౿·͑ɼཌ݄ͷ֘౰ंछ࣮ࡳͱಉҰंछͷམंݸ

∗࿈བྷઌɿ ҵ৓େֶେֶӃཧڀݚֶ޻Պ ҵ৓ݝ೔ཱࢢத੒୔ொ
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ͷࢦఆ৚݅ͷՁ֨ʢ୅දՁ֨ʣΛਪ࿦͠ɼ͞Βʹର৅
Ձ֨΁ࡳͷམंݸ͍ͯͮجʹͷঢ়ଶʢઆ໌ม਺ʣंݸ
ม͢׵Δͱ͍ͬͨɼ2ஈ֊ͷϓϩηεΛܦΔɽ֤ϓϩ
ηεͰ͸ओʹύϥϝʔλΛ༩͑ͯػցతʹਪ࿦͢Δ͕ɼ
ෆ߹ཧͳ݁ՌΛగਖ਼͢ΔͨΊʹਓ͕ؒ༗͢Δॊೈͳਪ
࿦ೳྗΛ͠࢖ۦɼϑϨʔϜ໰୊ʹରॲ͢Δ৔߹΋͋Δɽ
͔͠͠ຊڀݚͰ͸ɼશͯػցతʹਪ࿦͢Δ͜ͱͰશࣗ
ಈ͔ͭओ͕؍հ͠ࡏͳ͍༧ଌγεςϜΛߏங͍ͨ͠ɽ
·ͣ͸ϓϩτࣾͷΑ͏ʹ 2ஈ֊ͷϓϩηεʹ෼ׂ͠ɼ
୅දՁ֨ͷ༧ଌʹ͸࣌ྻܥϞσϧΛɼंݸՁ֨΁ͷม
ցֶशϞσϧΛద༻͢Δɽ͔͠͠୅දՁ֨ͷػ͸ʹ׵
༧ଌ͕ͦࠩޡͷޙͷม׵ʹѱӨڹΛٴ΅ͨ͢Ίɼंݸ
ͷམࡳՁ֨Λ௚઀༧ଌ͢Δਂ૚ֶशϞσϧʹ͍ͭͯ΋
ͷ༗͢Δશಛ௃ྔΛઆ໌ंݸΔɽ௚઀༧ଌͰ͸͢౼ݕ
ม਺ͱ͢ΔͨΊݩ࣍ߴͷػցֶशͱͳΔ͕ɼੵ૚Φʔ
τΤϯίʔμΛࣄલֶशʹద༻͢Δ͜ͱͰ࣍ݩѹॖʢಛ
௃બ୒ʣΛ͏ߦɽ
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2 ໰୊ઃఆͱ༻͍Δσʔλ

தंݹऔҾͷྲྀΕ͸࣍ͷ 4ͭʹ෼ྨ͞ΕΔɽ(1)ങऔ
ళ͕٬͔ސΒதंݹΛങ͍औΔɼ(2)ങ͍औͬͨதंݹ
Λങऔళ͕ΦʔτΦʔΫγϣϯʹग़඼͢Δɼ(3)ൢചళ
͕தंݹΛམ͢ࡳΔɼ(4)ൢചళ͕٬ސʹதंݹΛച٫
͢ΔɽຊڀݚͰ͸தंݹങऔళͷཱ৔ʹཱͪɼ(3)Ͱͷ
མࡳՁ֨Λྀͭͭ͠ߟɼ(1)ʹͯ߹ཧతͳങऔՁ֨Λܾ
ΊΔͨΊͷํ๏࿦Λݕ౼͢Δɽ΋͠ങऔՁ֨Λݟ͘ߴ
ੵ΋Ε͹ങऔళͷརӹ͕ݮΓɼ௿͘ੵݟ΋Ε͹٬͕ސ
ଞళʹྲྀΕΔՄೳੑ͕͋Δɽ·ͨങ͍औΓ͔ΒΦʔτ
ΦʔΫγϣϯ΁ͷग़඼·Ͱ੔උ౳ʹҰि͔ؒΒҰϲ݄
ఔ౓ͷλΠϜϥάΛཁͨ͢Ίɼ(1)ͷ࣌఺Ͱ (3)Ͱͷམ
Ձ֨Λ༧ଌ͢Δඞཁ͕͋Δɽࡳ
ຊڀݚͷ༧ଌର৅ͱͯ͠ɼʮημϯʯʮίϯύΫτʯʮϛ
χόϯʯʮ̨̪̫ʯʮܰࣗಈंʯͷ 5ΧςΰϦ͔Βɼʮ̡
̨ʯʮϓϦ΢εʯʮϑΟοτʯʮσϛΦʯʮηϨφʯʮύδΣ
ϩʯʮϑΥϨελʔʯʮλϯτʯʮϫΰϯ̧ʯͷ 9ंछΛ
બग़ͨ͠ɽϓϩτ͕ࣾ༗͢ΔΦʔτΦʔΫγϣϯσʔ
λ͸ɼΦʔτΦʔΫγϣϯձ৔͕ंݸͨࠪ͠ݕͷঢ়ଶ
Λද͢ଟมྔσʔλͰߏ੒͞Ε͍ͯΔɽͦͷҰྫͱ͠
ͯʮམࡳՁ֨ʯʮ૸ڑߦ཭ʯʮंݕຬྃ೥݄ʯʮम෮ྺʯ
ʮ಺૷ධՁʯͳͲ͕͛ڍΒΕΔɽ·ͨϚελʔσʔλͱ
ͯ͠ɼʮंछʯʮϞσϧʯʮࣜܕʯʮάϨʔυʯʹԠͨ͡
ʮΩʔίʔυʯʮެশੑೳʯʮΦϓγϣϯ૷උʯʮ৽ंՁ
֨ʯʹؔ͢Δ৘ใ΋ར༻Ͱ͖Δɽ͜ͷΩʔίʔυ͕ࣗ
ಈंΛ෼ྨ͢Δ࠷খ୯ҐͰ͋ΔͨΊɼΦʔτΦʔΫγϣ
ϯσʔλ͔ΒΩʔίʔυΛඥ෇͚ͯϚελʔσʔλ͔
Β৘ใΛநग़͢Δɽ

3 ୅දՁ֨ͷ࣌ྻܥ༧ଌ

3.1 ༺༧ଌϞσϧͷదྻܥ࣌

ΦʔτΦʔΫγϣϯʹͯத͕ंݹམ͞ࡳΕΔͷ͸ങ
औళ͕ࠪఆങऔ͔ͯ͠ΒҰϲ݄ఔ౓ઌͰ͋Δ͜ͱ͕ଟ
͘ɼങऔళ͸தंݹΛࠪఆ͢Δͱ͖ʹཌ݄ͷམࡳՁ֨
Λ༧ଌ͢Δඞཁ͕͋Δɽ͜ͷ༧ଌʹ͸ࠪఆ౰݄·Ͱͷ
ΦʔΫγϣϯམࡳ৘ใΛߟࢀʹ͢Δ͕ɼલड़ͷͱ͓Γ
ର৅ं྆ͱಉҰ৚݅ͷա࣮ڈ੷͸ଘ͠ࡏͳ͍ͨΊɼ౷
తʹਪ࿦͢Δ͜ͱ͕Ͱ͖ͳ͍ɽͦ͜ͰຊষͰ͸ॆ෼ܭ
ͳαϯϓϧ਺Λ֬อ͢ΔͨΊʹɼंݸͰ͸ͳ͘ंछຖ
ʹམࡳՁ֨ΛτϥοΩϯά͢Δɽ·ͨंछͷ୅දՁ֨
ͱͯ͠ɼམࡳՁ֨ͷதԝ஋Λػցతʹ༻͍Δɽ
࣍ʹɼཌ݄ͷ୅දՁ֨ʢதԝ஋ʣΛ༧ଌ͢ΔͨΊʹɼ
աڈͷ୅දՁ֨Λ༻͍ͯ࣌ྻܥϞσϧΛֶश͢Δɽத
धཁͳͲظͳͲͷʮτϨϯυཁҼʯ΍৽ֶߦ͸ྲྀंݹ
ͷʮقઅੑཁҼʯ͕Ө͢ڹΔͱ͑ߟΒΕΔɽ͜ΕΒͷ
ඇఆৗཁҼʹର͢Δ࣌ྻܥϞσϧͱͯ͠ɼຊڀݚͰ͸
ۉ࿨෼Ҡಈฏؼճݾࣗ (ARIMA)Ϟσϧͱقઅࣗݾճ
ۉ࿨෼Ҡಈฏؼ (SARIMA)ϞσϧΛద༻͢Δɽ

ࠁ࣌ tʹ͓͚Δ͋Δंछͷ୅දՁ֨ʢதԝ஋ʣΛXt

ͱॻ͘ͱɼARMA(p, q)Ϟσϧ͸࣍ࣜͱͳΔɽ

Xt =
p∑

i=1

aiXt−i + ϵt +
q∑

i=1

biϵt−i (1)

͜͜Ͱɼai͸աڈͷ࣮ݱ஋Xt−iʹ͓͚Δ࣌ؒهԱྗɼ
bi͸աڈͷϗϫΠτϊΠζ ϵt−iʹ͓͚Δ࣌ؒهԱྗΛ
ࣔ͢ɽARMAϞσϧ͸ఆৗੑΛԾఆ͢ΔͨΊɼ্هͷ
ඇఆৗཁҼΛදݱͰ͖ͳ͍ɽXtͷτϨϯυཁҼʹ͍ͭ
ͯ d֊ࠩ෼ΛͱΓɼقઅੑཁҼʹ͍ͭͯD֊قઅࠩ෼
ΛऔΔ͜ͱͰఆৗԽॲཧΛ͢ࢪɽͳ͓ Xt ͸݄࣍σʔ
λͰ͋ΔͨΊɼقઅपظ͸ s = 12ʢ12ϲ݄ʣͱ͢Δɽ
ͦͷޙɼఆৗԽࡁΈ∆d∆D

s Xtʹ͍ͭͯࣜ 1ͷ ARMA

ϞσϧΛద༻͠ɼਪఆ͞Εͨ ∆d∆D
s X̂t+1 Λ͢ࢉٯΔ

͜ͱͰ X̂t+1 ΛಘΔɽࣜ 1Ͱ͸࣌ؒྻܥʹؔ͢ΔهԱ
ੑΛදݱͰ͖ΔͨΊɼARIMA(p, d, q)Ϟσϧͱ౳ՁͰ
͋Δɽ
ظઅपق͔͠͠ sΛ·͙ͨ࣌ؒهԱੑ΋ද͢ݱΔʹ
͸ɼ࣍ࣜͷ SARIMA(p, d, q)(P,D,Q)[s]Ϟσϧ [3]Λ
༻͍Δɽ

∆d∆D
s Xt =

p∑

i=1

ai∆
d∆D

s Xt−i +
P∑

I=1

AI∆
d∆D

s Xt−sI

−
p∑

i=1

P∑

I=1

aiAI∆
d∆D

s Xt−sI−i + ϵt +
q∑

j=1

bjϵt−j

+
Q∑

J=1

BJϵt−sJ +
q∑

j=1

Q∑

J=1

bjBJϵt−sJ−j (2)

ͱಉ༷ʹɼਪఆ͞Εͨ∆d∆Dه্
s X̂t+1Λ͢ࢉٯΔ͜ͱ

Ͱ X̂t+1ΛಘΔɽͨͩ͠Ϟσϧߏ଄͕ෳࡶͰ͋ΔͨΊɼ
ֶशʹ൐͏σʔλෆ଍͓Αͼաֶशͷ໰୊͕ݒ೦͞Ε
ΔɽϞσϧ࣍਺ʹ͍ͭͯ͸AICΛ࠷খԽ͢ΔΑ͏ʹܾ
ఆ͢Δ͕ɼաֶशͷ؍఺͔ΒΑΓγϯϓϧͳ ARIMA

Ϟσϧͷํ͕ػೳ͢ΔՄೳੑ΋͋Δɽ

3.2 ༧ଌ࣮ݧ

2011೥ 10݄͔Β༧ଌର৅ͷલ݄·Ͱͷ୅දՁ֨Λ
ϞσϧΛΦϯϥΠϯֶश͠ɼ2016೥ྻܥ͍࣌ͯ༺ 1݄
͔Β 2017೥ 9݄Λ༧ଌର৅ͱͨ͠ɽ༧ଌਫ਼౓ͷධՁʹ
͸ɼਖ਼نԽฏۉೋ৐ࠩޡ (NMSE)ͱਖ਼౴݄਺Λ༻͍ͨɽ
NMSE͸࣍ࣜͰಘΒΕΔɽ

NMSE(X̂) =

√√√√
T∑

t=1

(Xt − X̂t)
2

√√√√
T∑

t=1

(Xt − X̄)2

(3)
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ද 1: ARIMAϞσϧʹΑΔ୅දՁ֨ͷ༧ଌ݁Ռ

ΧςΰϦ ंछ NMSE ਖ਼౴݄਺

ημϯ ̡̨ 0.559 17

ημϯ ϓϦ΢ε 0.621 19

ίϯύΫτ ϑΟοτ 0.552 15

ίϯύΫτ σϛΦ 0.546 14

ϛχόϯ ηϨφ 0.629 18

̨̪̫ ύδΣϩ 1.613 14

̨̪̫ ϑΥϨελʔ 1.062 9

ܰࣗಈं λϯτ 0.454 19

ܰࣗಈं ϫΰϯ̧ 0.913 15

ද 2: SARIMAϞσϧʹΑΔ୅දՁ֨ͷ༧ଌ݁Ռ

ΧςΰϦ ंछ NMSE ਖ਼౴݄਺

ημϯ ̡̨ 0.466 20

ημϯ ϓϦ΢ε 0.797 18

ίϯύΫτ ϑΟοτ 0.631 15

ίϯύΫτ σϛΦ 0.515 15

ϛχόϯ ηϨφ 0.666 18

̨̪̫ ύδΣϩ 1.127 17

̨̪̫ ϑΥϨελʔ 1.004 11

ܰࣗಈं λϯτ 0.451 19

ܰࣗಈं ϫΰϯ̧ 0.850 17

͜͜ͰɼT ͸༧ଌର৅ͷؒظͷ௕͞ɼXt͸࣌ࠁ tʹ͓
͚Δ୅දՁ֨ͷਅ஋ɼX̂t͸࣌ࠁ tʹ͓͚Δ୅දՁ֨ͷ
༧ଌ஋ɼX̄ ͸ؒظ t = 1, 2, · · · , T ʹ͓͚Δ Xt ͷฏۉ
஋Λࣔ͢ɽਖ਼౴݄਺͸ɼX̂t͕Xtͷ±10%ʹऩ·ͬͨ
৔߹Λਖ਼ղͱΈͳ͠ɼ༧ଌର৅ͷ 21ϲ݄ؒ (T = 21)

ͷ͏ͪਖ਼ղ݄ͨ͠਺Λࣔ͢ɽ
༧ଌ݁ՌΛද 1,2 ͓Αͼਤ 1∼3 ʹࣔ͢ɽημϯ͸

ARIMA Ϟσϧͱ SARIMA Ϟσϧͷ྆ํʹ͓͍ͯਖ਼
౴݄਺͕ଟ͘ɼNMSE΋௿͍஋ͱͳͬͨɽཧ༝ͱͯ͠ɼ
ημϯͷτϨϯυ͸ൺֱతམͪண͍͓ͯΓɼقઅੑʹ
͍ͭͯ΋มಈ෯͕ଞंछΑΓখ͍͞ɽҰํɼझຯੑ͕
અੑมಈ෯΋ق͸τϨϯυมԽ͕ܹ͘͠ɼ̨̫̪͍ߴ
େ͖͍ͨΊ༧ଌ͕೉͍͠ɽͦͷ݁Ռɼਖ਼౴݄਺͸গͳ
͘ɼNMSE΋޲܏͍ߴʹ͋Δɽಛʹਤ 2ʹ͓͍ͯɼ༧
ଌ஋͕ਅ஋Λ 1ϲ݄஗Εͯ௥͍͔͚͍ͯΔݟ͕ؒظΒ
ΕΔɽͳ͓ ARIMAϞσϧͱ SARIMAϞσϧͷൺֱ
ʹ͓͍ͯ͸ɼಛ͢هΔ΄Ͳͷࠩ͸ݟड͚ΒΕͳ͍ɽ

ਤ 1: SARIMAʹΑΔϓϦ΢εͷ୅දՁ֨ͷ༧ଌਪҠ

ਤ 2: SARIMAʹΑΔύδΣϩͷ୅දՁ֨ͷ༧ଌਪҠ

ਤ 3: SARIMAʹΑΔϫΰϯ̧ͷ୅දՁ֨ͷ༧ଌਪҠ

経営課題にAIを!ビジネスインフォマティクス研究会 (第10回) 
JSAI Special Interest Group on Business Informatics (SIG-BI #10)



4 ׵Ձ֨΁ͷมंݸցֶशʹΑΔػ

4.1 ϥϯμϜϑΥϨετͷద༻

࣍ʹɼ୅දՁ֨ (தԝ஋) ͷ༧ଌ஋ΛंݸՁ֨΁ม׵
͢Δํ๏Λݕ౼͢Δɽंݸͷಛ௃ྔͱ୅දՁ֨ͷ༧ଌ
஋Λઆ໌ม਺ͱ͠ɼंݸͷམࡳՁ֨Λඃઆ໌ม਺ʹ͢
Ε͹ɼ྆ม਺ͷؔ܎Λաڈͷ࣮੷ʹػ͍ͯͮجցֶश
͢Ε͹ྑ͍ɽͦͷػցֶशϞσϧͱͯ͠ɼຊষͰ͸ϥ
ϯμϜϑΥϨετ [4]Λ༻͍Δɽ
ͦͷֶशखॱͱͯ͠ɼ·ͣNݸͷֶशσʔλ (xi, yi),

(i = 1, 2, · · · , N)͔Β෮ݩநग़͠ɼಉαΠζ N ͷσʔ
λू߹W (b) Λ B ૊ੜ੒͢Δɽ࣍ʹɼͦΕͧΕͷσʔ
λू߹W (b), (b = 1, 2, · · · , B) Λ༻͍ͯճؼ໦ RT (b)

Λֶश͢Δɽճؼ໦͸୯ମͰ΋࿈ଓతͳඃઆ໌ม਺ͷ
༧ଌʹద༻Ͱ͖Δ͕ɼϥϯμϜϑΥϨετ͸શͯͷճ
ΊΔΞߴԽ͢Δ͜ͱͰ༧ଌੑೳΛۉ໦ͷ༧ଌ஋Λฏؼ
ϯαϯϒϧֶश [5]ͷҰछͰ͋Δɽ֤ճؼ໦ͷಠཱੑ͕
఺ʢଟ༷؍Δ͜ͱ͸ू߹஌ͷ·ߴͲ༧ଌੑೳ͕΄͍ߴ
ੑ༧ଌఆཧʣ͔Βઆ໌Ͱ͖Δ [6]ɽ

4.2 มݧ࣮׵

ֶशσʔλͷؒظ͸ 2016೥ 1݄͔Β 2016೥ 12݄
·Ͱɼςετσʔλͷؒظ͸ 2017೥ 1݄͔Β 2017೥
9݄·Ͱͱ͢Δɽ·ֶͣशσʔλΛ༻͍ͯϥϯμϜϑΥ
ϨετΛߏங͢Δɽͦͷࡍʹ͸ɼंݸ৘ใͱͯ͠ʮं
ମ৭ʯʮ೥མͪ౓ʯʮ૸ڑߦ཭ʯʮं݄࢒ݕʯʮධՁ఺ʯ
ʮ৽ंՁ֨ʯʮφϏͷ༗ແʯʮϨβʔγʔτͷ༗ແʯʮα
ϯϧʔϑͷ༗ແʯΛ༻͍ɼ͞Βʹ౰֘ंछͷ୅දՁ֨
ʢதԝ஋ʣΛઆ໌ม਺ͱ͢Δɽඃઆ໌ม਺ʹ͸ಉं྆ͷ
ʮམࡳՁ֨ʯͱ͢Δ͜ͱͰɼंछຖʹ୅දՁ͔֨Βंݸ
ͷམࡳՁ֨ʹม͢׵ΔϧʔϧΛֶश͢Δɽͦͷޙɼ୅
දՁ֨Λ 3ষͰಘͨ༧ଌ஋ʹม͠ߋɼ͜ΕΛֶशࡁΈ
ϥϯμϜϑΥϨετʹೖྗ͢Δ͜ͱͰɼंݸͷམࡳՁ
֨ͷਪఆ஋ΛಘΔɽ͜ͷਪఆ͸ςετσʔλʹରͯ͠
Δɽ͢ࢪ࣮
ਪఆਫ਼౓ΛධՁ͢Δࢦඪͱͯ͠ɼਖ਼౴཰ͱܾఆ܎਺
Λ༻͍Δɽਖ਼౴཰͸ɼਪఆ஋ ŷn͕ਅ஋ ynͷ±10%Ҏ
಺ʹऩ·ͬͨ৔߹Λਖ਼ղͱ͠ɼͦͷճ਺Λਪఆ࣮ࢪճ
਺N Ͱׂͬͨ΋ͷͰ͋Δɽ͞Βʹܾఆ܎਺ R2͸࣍ࣜ
ͰಘΒΕΔɽ

R2 = 1−

N∑

n=1

(yn − ŷn)
2

N∑

n=1

(yn − ȳ)2
(4)

͜͜Ͱ ȳ͸ਅ஋ ynͷฏۉ஋Ͱ͋Δɽܾఆ܎਺ R2͸ 1

ʹ͍ۙ΄Ͳճؼ໰୊ͱͯ͠౰ͯ͸·Γ͕ྑ͍͜ͱΛҙ
ຯ͢Δɽ

ද 3: ϥϯμϜϑΥϨετʹΑΔंݸམࡳՁ֨ͷਪఆ
݁Ռ

ΧςΰϦ ंछ ਖ਼౴཰ ܾఆ܎਺ R2

ημϯ ̡̨ 0.3068 0.8802

ημϯ ϓϦ΢ε 0.4338 0.8921

ίϯύΫτ ϑΟοτ 0.2332 0.8933

ίϯύΫτ σϛΦ 0.3222 0.9433

ϛχόϯ ηϨφ 0.3186 0.9328

̨̪̫ ύδΣϩ 0.3291 0.9122

̨̪̫ ϑΥϨελʔ 0.4076 0.9549

ܰࣗಈं λϯτ 0.4724 0.9516

ܰࣗಈं ϫΰϯ̧ 0.4269 0.9454

ਤ 4: Ձ֨ͷਅ஋ͱਪఆ஋ͷ૬ؔਤࡳམंݸ (ϓϦ΢ε
ͷ৔߹)

ਤ 5: Ձ֨ͷਅ஋ͱਪఆ஋ͷ૬ؔਤࡳམंݸ (ύδΣϩ
ͷ৔߹)
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ਪఆ݁ՌΛද 3͓Αͼਤ 4,5ʹࣔ͢ɽ͍ͣΕͷंछ
΋ܾఆ܎਺R2͸ 0.9ʹ͍ۙ஋Λ͓ࣔͯ͠Γɼճؼ໰୊
ͱͯ͠ͷਪఆਫ਼౓͸͍ߴɽ͔͠͠ਖ਼౴཰͸ 0.30લޙͱ
௿͘ɼਅ஋ͷ ±10%Ҏ಺Λਖ਼ղͱΈͳ͢ج४͸ඇৗʹ
ɽ͍͠ݫ
·ͨਤ 4ͱਤ 5ʹࣔ͢Α͏ʹɼ௿Ձ֨ଳʹ͓͍ͯޡ
͕ࠩେ͖͍޲܏ʹ͋Δɽ͜ͷཧ༝ͱͯ͠ɼάϨʔυ΍೥
ࣜͳͲͰ෼ྨͤͣʹֶशͨͨ͠ΊɼߴՁ֨ଳͱ௿Ձ֨
ଳͷֶश͕ࠩޡಉҰʹѻΘΕͨͨΊͱ͑ߟΒΕΔɽਅ
஋ͱࠩޡͷൺ཰Λ͑ߟΕ͹ɼ௿Ձ֨ଳ͸͜ͷൺ཰͕େ
͖͘ͳΓ΍͍͢ɽ͜Ε͕ਖ਼౴཰ΛԼ͛ΔཁҼʹͳΔͨ
Ίɼޙࠓ͸ઈରࠩޡͰͳ͘ʮࠩޡ཰ʯΛ࠷খԽ͢ΔΑ
͏ʹϞσϧύϥϝʔλΛػցֶश͢Δํ๏Λݕ౼͢Δɽ
·ͨɼάϨʔυ΍೥ࣜͳͲͰֶशσʔλΛ෼ׂ͢Δํ
๏΋༗ޮ͔΋͠Εͳ͍͕ɼֶशσʔλ਺ͷݮগʹΑΓ
ցֶशࣗମͷੑೳ͕௿Լ͢ΔՄೳੑ΋͋Δɽػ

5 ਂ૚ֶशʹΑΔ
Ձ֨ͷ௚઀༧ଌࡳམंݸ

5.1 ਂ૚ֶशͷద༻

3ষͱ 4ষʹΑΔ༧ଌϓϩηεʹ͓͍ͯɼൃ͕ࠩޡੜ
͢ΔཁҼ͸ 3఺͋Δɽ·ͣंछຖͷ୅දՁ֨ͱͯ͠த
ԝ஋͕ଥ౰ͳͷ͔ٙ໰͕࢒Δɽ͔͠͠ػցతʹ୅දՁ
֨ΛٻΊΔϧʔϧΛఆΊͯ΋ɼͦͷϧʔϧ͕׬શʹਖ਼
͍͠ͱ͸ݶΒͳ͍ɽ࣍ʹ୅දՁ֨ʹର͢Δ࣌ྻܥ༧ଌ
ʹ͍ͭͯ΋༧ଌ͕ࠩޡੜ͡ɼ͞ΒʹंݸམࡳՁ֨΁ͷ
ม׵ʹ͓͍ͯ΋ม͕ࠩޡ׵ੜ͡Δɽͦ͜ͰຊষͰ͸ɼ͜
ΕΒͷ͕ࠩޡհ͠ࡏͳ͍Α͏୅දՁ֨Λྀͣͤߟɼ௚
઀తʹंݸͷམࡳՁ֨Λ༧ଌ͢Δɽ͜ͷ༧ଌʹਂ૚ֶ
शϞσϧΛద༻͢Δɽ
ਂ૚ֶशϞσϧͷߏ੒ͱͯ͠தؒ૚Λ 3૚ͱ͠ɼ֤
χϡʔϩϯ਺ΛԼҐ૚͔Βॱʹ j = 40, k = 8, l = 4

ͱ͢Δɽͳ͓աֶशΛ཈͑Δ΂͘ɼதؒ૚ୈ 1૚ʹ͸
ফڈ཰ 40%ͷυϩοϓΞ΢τΛద༻͢Δɽੑ׆Խؔ਺
ʹ͍ͭͯ͸ɼதؒ૚ୈ 1૚ͱୈ 3૚ʹਖ਼نԽઢؔܗ਺
(ҎԼɼReLU) Λ༻͍ɼதؒ૚ୈ 2૚ʹ߃౳ؔ਺Λ༻
͍Δɽͳ͓ຊڀݚ͸ճؼ໰୊ (࿈ଓ஋ͷ༧ଌ) Ͱ͋Δͨ
Ίɼग़ྗ૚ͷੑ׆Խؔ਺΋߃౳ؔ਺ͱ͢Δɽ݁߹ڧ౓
ͷॳظ஋ʹ͍ͭͯ͸ɼReLUΛ༻͍Δ૚΁݁߹͢Δ৔
߹͸Xavier Glorotͷॳظ஋ [7]Λɼ߃౳ؔ਺Λ༻͍Δ
૚΁݁߹͢Δ৔߹͸ Heͷॳظ஋ [8]Λ༻͍Δɽ
தؒ૚Λଟ૚ʹ͢Δ΄Ͳޯ഑ফࣦ໰୊͕͜ىΔͨΊɼ
લֶशͱͯ͠ੵ૚ΦʔτΤϯίʔμࣄ [9]Λద༻͢Δɽ
֤ΦʔτΤϯίʔμʹ͓͍ͯ৘ใѹॖ͢Δ͜ͱͰɼઆ
໌ม਺ͷಛ௃நग़Λ͏ߦɽͦͷޙϑΝΠϯνϡʔχϯ
άͱͯ͠ɼਂ૚ֶशϞσϧશମΛٯࠩޡ఻೻๏ʹΑͬ
৴߸ʹର͢Δೋ৐࿨ࢣڭ͸ɼʹࡍश͢Δɽͦͷֶ࠶ͯ

਺ؔࠩޡΛࠩޡ E ͱ͠ɼֶशσʔλΛϥϯμϜʹ 1%

બͿόονֶशΛ 10000ճ܁Γฦ͢ɽޯ഑߱Լ๏ͷ࠷
దԽΞϧΰϦζϜʹ͸ Adam[10]Λ༻͍ɼ֤ύϥϝʔ
λΛ α = 0.001ɼβ1 = 0.9ɼβ2 = 0.999ͱͨ͠ɽϑΝΠ
ϯνϡʔχϯάʹ͓͍ͯ͸ޯ഑ফࣦ໰୊ʹΑΓೖྗ૚
෇ۙͷॏΈ͸ߋ৽͞Εʹ͍͕͘ɼࣄલֶशʹ͓͍ͯ༏
ઌతʹֶश͞Ε͍ͯΔͨΊॏେͳ໰୊ͱ͸ͳΒͳ͍ɽ

5.2 ௚઀༧ଌ࣮ݧ

ֶशσʔλͱςετσʔλͷؒظ͸ 4.2અͱಉ༷Ͱ
͋Δɽઆ໌ม਺ͱͯ͠ʮंମ৭ʯʮ೥མͪ౓ʯʮ૸ڑߦ
཭ʯʮं݄࢒ݕʯʮධՁ఺ʯʮ৽ंՁ֨ʯʮφϏͷ༗ແʯʮϨ
βʔγʔτͷ༗ແʯʮαϯϧʔϑͷ༗ແʯΛ༻͍ɼʮंݸ
མࡳՁ֨ʯΛඃઆ໌ม਺ͱ͢Δɽ4.2આͱͷҧ͍͸ɼ୅
දՁ֨Λઆ໌ม਺ʹؚΊͳ͍఺ͱɼඃઆ໌ม਺ͷ஋Λ
ʮࠪఆ࣌఺ʹ໭ͯ͠ʯֶश͢Δ఺ʹ͋Δɽྫ͑͹ɼ೥མ
ͪ౓͸༧ଌର৅ंݸͷ೥ࣜͱΦʔτΦʔΫγϣϯ։࠵
݄ͷࠩΛҙຯ͢Δɽͦ͜Ͱ೥མͪ౓Λ 1ϲ݄Ҿ͍ͯࠪ
ఆ࣌఺ͷ৘ใΛਂ૚ֶशʹೖྗ͢Δ͜ͱͰɼ1ϲ݄ઌͷ
ΦʔΫγϣϯ։࣌࠵఺ͷམࡳՁ֨ (༧ଌ஋)Λग़ྗ͢Δɽ
͞Βʹ֤ม਺ͷεέʔϧௐ੔ (લॲཧ) ͱͯ͠ɼʮंମ
৭ʯ͸ंछຖͷग़ݱ཰ͱͯ͠ఆྔԽ͠ɼ৭ͷՁ஋ (ਓ
(౓ؾ Λද͢ɽʮ೥མͪ౓ʯ΍ʮ૸ڑߦ཭ʯ͸ंछຖʹ
ֶशσʔλͷશं྆ͷؒͰඪ४Խ͢Δɽʮं݄࢒ݕʯ͸
௨ৗຬ͕ظ 2ϲ೥ͳͷͰࠪఆ࣌఺ʹ͓͚Δं݄࢒ݕΛ
24Ͱআ͓ͯ͘͠ɽͳ͓৽ंͷॳंݕ͸ 3ϲ೥ͳͷͰ஋
͸ 0 ∼ 1.5ΛͱΓ͏ΔɽʮධՁ఺ʯ͸ΦʔτΦʔΫγϣ
ϯձ৔ʹΑΔՁ஋ධՁͰ͋Γɼ৽ंݹ͸ 2000఺ɼதݹ
ं͸ 300఺ ∼900఺Ͱ࠾఺͞ΕΔɽͦͷͨΊݩͷධՁ
఺Λ 1000Ͱআ͓ͯ͘͠ɽʮ৽ंՁ֨ʯ͸ंछຖʹඪ४
Խ͢Δɽ͞ΒʹʮφϏͷ༗ແʯʮϨβʔγʔτͷ༗ແʯ
ʮαϯϧʔϑͷ༗ແʯʹ͍ͭͯ͸৽ं࣌ͷඪ४૷උঢ়ଶ
ͱಉҰͰ͋Ε͹ 0ɼෆ଍͍ͯ͠Ε͹-1ɼ૿ઃ͞Ε͍ͯΕ
͹+1ͱ͢Δɽ
༧ଌ݁ՌΛද 4͓Αͼਤ 6,7ʹࣔ͢ɽημϯʹ͍ͭͯ
͸ɼද 3ͷϥϯμϜϑΥϨετΑΓ͍ߴ༧ଌਫ਼౓Λಘ
͍ͯΔɽ͜Ε͸ 3ষͷ࣌ྻܥ༧ଌͱಉ༷ʹɼτϨϯυ
΍قઅੑมಈ͕ൺֱతখ͍͞΄Ͳ༧ଌ͠΍͘͢ɼ͞Β
ʹ௚઀༧ଌʹΑΓ͕ࠩޡհ͢ࡏΔཁҼΛݮΒͨ͠ޮՌ
ͩͱ͑ߟΒΕΔɽܾఆ܎਺ R2ʹ͓͍ͯ΋ɼ9ंछத 5

ंछʹ͓͍ͯද 3Λ্ճΔ݁ՌΛಘ͕ͨɼਖ਼౴཰Ͱ͸
9ंछத 2ंछ͔͠ද 3͔Β্޲Ͱ͖͍ͯͳ͍ɽ͜ͷ
ཧ༝ͱͯ͠ɼਂ૚ֶशͷઆ໌ม਺ʹτϨϯυ΍قઅੑ
ʹؔ͢Δ৘ใΛ༻͍ͳ͔ͬͨͨΊɼ͜ΕΒͷཁҼ͕ڧ
͍ंछʹ͓͍ͯ͸લষͷํ๏࿦ͷํ͕ػೳͨ͠ͱ͑ߟ
ΒΕΔɽͦ͜Ͱޙࠓ͸ɼτϨϯυʹ͍ͭͯ͸ RNN΍
LSTMͳͲ࣌ؒߏ଄ʹରԠͨ͠ػցֶशϞσϧΛಋೖ
͠ɼقઅੑʹ͍ͭͯ͸݄΍༵೔ͳͲΛμϛʔม਺Ͱ༩
͑Δํ๏Λݕ౼͢Δɽ
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ද 4: ਂ૚ֶशʹΑΔंݸམࡳՁ֨ͷ༧ଌ݁Ռ

ΧςΰϦ ंछ ਖ਼౴཰ ܾఆ܎਺ R2

ημϯ ̡̨ 0.4205 0.9420

ημϯ ϓϦ΢ε 0.4492 0.9306

ίϯύΫτ ϑΟοτ 0.2283 0.8915

ίϯύΫτ σϛΦ 0.2762 0.9328

ϛχόϯ ηϨφ 0.3182 0.9422

̨̪̫ ύδΣϩ 0.3093 0.9340

̨̪̫ ϑΥϨελʔ 0.3593 0.9707

ܰࣗಈं λϯτ 0.4086 0.9374

ܰࣗಈं ϫΰϯ̧ 0.3941 0.9400

ਤ 6: Ձ֨ͷਅ஋ͱ༧ଌ஋ͷ૬ؔਤࡳམंݸ (ϓϦ΢ε
ͷ৔߹)

ਤ 7: Ձ֨ͷਅ஋ͱ༧ଌ஋ͷ૬ؔਤࡳམंݸ (ύδΣϩ
ͷ৔߹)

6 ·ͱΊ

ຊڀݚͰ͸தंݹങऔళͷཱ৔ʹཱͪɼ1ϲ݄ޙͷத
छຖͷ୅දՁंʹࡍՁ֨Λ༧ଌͨ͠ɽͦͷࡳͷམंݹ
֨ (தԝ஋) Λഔհ͢Δํ๏ͱɼഔհͤͣʹ௚઀༧ଌ͢
Δํ๏Λݕ౼ͨ͠ɽͦͷ݁ՌɼτϨϯυ΍قઅੑมಈ͕
େ͖͍ंछʹ͸લऀ͕ྑ͘ɼখ͍͞ंछʹ͸ྑ͕ऀޙ
͔ͬͨɽ͜ͷཧ༝ͱͯ͠ɼऀޙͷ௚઀༧ଌ (ਂ૚ֶश)

͸ࠩޡͷൃੜϓϩηεΛ࠷খݶʹͰ͖Δ͕ɼલऀ (࣌
(Ϟσϧྻܥ ͷΑ͏ʹ࣌ؒߏ଄Λྀ͍ͯ͠ߟͳ͍ɽͦ
͜Ͱޙࠓͷ՝୊ͱͯ͠ɼRNN΍ LSTMͰτϨϯυΛ
཰ࠩޡʹɼ͞Β͠ݱઅੑΛදقɼμϛʔม਺Ͱྀ͠ߟ
ΛػցֶशͷධՁج४ʹ͢Δ͜ͱͰ௿Ձ֨ଳʹ͓͚Δ
༧ଌࠩޡͷվળΛ໨͢ࢦɽ

ँࣙ

ຊڀݚ͸ࣜגձࣾϓϩτίʔϙϨʔγϣϯͱͷڞಉ
ڀݚͷҰ෦͸จ෦ՊֶলՊֶڀݚͰ͋Δɽͳ͓ຊڀݚ
අج൫ڀݚ (C)(No.16K00320)ͷॿ੒ʹΑΓͨͬߦɽ
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