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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

தंݹϢʔβʔ͔ΒങऔళྲྀΕͨޙɼओʹΦʔ
τΦʔΫγϣϯ [1]Λ௨ͯ͡ൢചళʹച٫͞ΕΔɽങऔ
ళͷཱʹཱͯɼങऔ͔ΒΦʔτΦʔΫγϣϯʹग़
͢Δ·ͰҰϲ݄ཁ͢ΔͨΊɼཌ݄ͷڝങՁ֨Λ༧
ͯ͠ങऔࠪఆՁ֨Λઃఆ͢Δඞཁ͕͋Δɽͦ͜Ͱג
ࣜձࣾϓϩτίʔϙϨʔγϣϯ (ҎԼɼϓϩτࣾ)Ͱɼ
ཌ݄ʹ։͞࠵ΕΔΦʔτΦʔΫγϣϯͰͷམࡳՁ֨Λ
ങऔళ͕ࠪఆंݹɼத͠࡞ఆγεςϜΛྀࠪͨ͠ߟ
Ձ֨Λܾఆ͢ΔࡍͷใఏڙΛ͍ͯͬߦΔɽ
͔͠͠தंݹͷྲྀ௨Ձ֨Λ༧ଌ͢Δ͜ͱେม͠
͍ɽͦͷཧ༝ͱͯ͠ɼதंݹڑߦं݄ݕͱ
͍ͬͨಛ͕͝ंݸͱʹҟͳΓɼ།ҰແೋͷଘࡏͰ͋
Δɽͦ͜ͰϓϩτࣾͷࠪఆγεςϜ [2]Ͱɼ·ͣର
Λ౿·͑ɼཌ݄ͷ֘ंछ࣮ࡳͱಉҰंछͷམंݸ
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ͷࢦఆ݅ͷՁ֨ʢදՁ֨ʣΛਪ͠ɼ͞Βʹର
Ձ֨ࡳͷམंݸ͍ͯͮجʹͷঢ়ଶʢઆ໌มʣंݸ
ม͢Δͱ͍ͬͨɼ2ஈ֊ͷϓϩηεΛܦΔɽ֤ϓϩ
ηεͰओʹύϥϝʔλΛ༩͑ͯػցతʹਪ͢Δ͕ɼ
ෆ߹ཧͳ݁ՌΛగਖ਼͢ΔͨΊʹਓ͕ؒ༗͢Δॊೈͳਪ
ྗΛ͠ۦɼϑϨʔϜʹରॲ͢Δ߹͋Δɽ
͔͠͠ຊڀݚͰɼશͯػցతʹਪ͢Δ͜ͱͰશࣗ
ಈ͔ͭओ͕؍հ͠ࡏͳ͍༧ଌγεςϜΛߏங͍ͨ͠ɽ
·ͣϓϩτࣾͷΑ͏ʹ 2ஈ֊ͷϓϩηεʹׂ͠ɼ
දՁ֨ͷ༧ଌʹྻܥ࣌ϞσϧΛɼंݸՁ֨ͷม
ցֶशϞσϧΛద༻͢Δɽ͔͠͠දՁ֨ͷػʹ
༧ଌ͕ͦࠩޡͷޙͷมʹѱӨڹΛٴ΅ͨ͢Ίɼंݸ
ͷམࡳՁ֨Λ༧ଌ͢ΔਂֶशϞσϧʹ͍ͭͯ
ͷ༗͢ΔશಛྔΛઆ໌ंݸΔɽ༧ଌͰ͢౼ݕ
มͱ͢ΔͨΊݩ࣍ߴͷػցֶशͱͳΔ͕ɼੵΦʔ
τΤϯίʔμΛࣄલֶशʹద༻͢Δ͜ͱͰݩ࣍ѹॖʢಛ
બʣΛ͏ߦɽ
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2 ઃఆͱ༻͍Δσʔλ

தंݹऔҾͷྲྀΕ࣍ͷ 4ͭʹྨ͞ΕΔɽ(1)ങऔ
ళ͕٬͔ސΒதंݹΛങ͍औΔɼ(2)ങ͍औͬͨதंݹ
Λങऔళ͕ΦʔτΦʔΫγϣϯʹग़͢Δɼ(3)ൢചళ
͕தंݹΛམ͢ࡳΔɼ(4)ൢചళ͕٬ސʹதंݹΛച٫
͢ΔɽຊڀݚͰதंݹങऔళͷཱʹཱͪɼ(3)Ͱͷ
མࡳՁ֨Λྀͭͭ͠ߟɼ(1)ʹͯ߹ཧతͳങऔՁ֨Λܾ
ΊΔͨΊͷํ๏Λݕ౼͢Δɽ͠ങऔՁ֨Λݟ͘ߴ
ੵΕങऔళͷརӹ͕ݮΓɼ͘ੵݟΕ٬͕ސ
ଞళʹྲྀΕΔՄੑ͕͋Δɽ·ͨങ͍औΓ͔ΒΦʔτ
ΦʔΫγϣϯͷग़·ͰඋʹҰि͔ؒΒҰϲ݄
ఔͷλΠϜϥάΛཁͨ͢Ίɼ(1)ͷ࣌Ͱ (3)Ͱͷམ
Ձ֨Λ༧ଌ͢Δඞཁ͕͋Δɽࡳ
ຊڀݚͷ༧ଌରͱͯ͠ɼʮημϯʯʮίϯύΫτʯʮϛ
χόϯʯʮ̨̪̫ʯʮܰࣗಈंʯͷ 5ΧςΰϦ͔Βɼʮ̡
̨ʯʮϓϦεʯʮϑΟοτʯʮσϛΦʯʮηϨφʯʮύδΣ
ϩʯʮϑΥϨελʔʯʮλϯτʯʮϫΰϯ̧ʯͷ 9ंछΛ
બग़ͨ͠ɽϓϩτ͕ࣾ༗͢ΔΦʔτΦʔΫγϣϯσʔ
λɼΦʔτΦʔΫγϣϯձ͕ंݸͨࠪ͠ݕͷঢ়ଶ
Λද͢ଟมྔσʔλͰߏ͞Ε͍ͯΔɽͦͷҰྫͱ͠
ͯʮམࡳՁ֨ʯʮڑߦʯʮंݕຬ݄ྃʯʮम෮ྺʯ
ʮධՁʯͳͲ͕͛ڍΒΕΔɽ·ͨϚελʔσʔλͱ
ͯ͠ɼʮंछʯʮϞσϧʯʮࣜܕʯʮάϨʔυʯʹԠͨ͡
ʮΩʔίʔυʯʮެশੑʯʮΦϓγϣϯඋʯʮ৽ंՁ
֨ʯʹؔ͢Δใར༻Ͱ͖Δɽ͜ͷΩʔίʔυ͕ࣗ
ಈंΛྨ͢Δ࠷খ୯ҐͰ͋ΔͨΊɼΦʔτΦʔΫγϣ
ϯσʔλ͔ΒΩʔίʔυΛඥ͚ͯϚελʔσʔλ͔
ΒใΛநग़͢Δɽ

3 දՁ֨ͷྻܥ࣌༧ଌ

3.1 ༺༧ଌϞσϧͷదྻܥ࣌

ΦʔτΦʔΫγϣϯʹͯத͕ंݹམ͞ࡳΕΔͷങ
औళ͕ࠪఆങऔ͔ͯ͠ΒҰϲ݄ఔઌͰ͋Δ͜ͱ͕ଟ
͘ɼങऔళதंݹΛࠪఆ͢Δͱ͖ʹཌ݄ͷམࡳՁ֨
Λ༧ଌ͢Δඞཁ͕͋Δɽ͜ͷ༧ଌʹࠪఆ݄·Ͱͷ
ΦʔΫγϣϯམࡳใΛߟࢀʹ͢Δ͕ɼલड़ͷͱ͓Γ
ରं྆ͱಉҰ݅ͷա࣮ڈଘ͠ࡏͳ͍ͨΊɼ౷
తʹਪ͢Δ͜ͱ͕Ͱ͖ͳ͍ɽͦ͜ͰຊষͰॆܭ
ͳαϯϓϧΛ֬อ͢ΔͨΊʹɼंݸͰͳ͘ंछຖ
ʹམࡳՁ֨ΛτϥοΩϯά͢Δɽ·ͨंछͷදՁ֨
ͱͯ͠ɼམࡳՁ֨ͷதԝΛػցతʹ༻͍Δɽ
ɼཌ݄ͷදՁ֨ʢதԝʣΛ༧ଌ͢ΔͨΊʹɼʹ࣍
աڈͷදՁ֨Λ༻͍ͯྻܥ࣌ϞσϧΛֶश͢Δɽத
धཁͳͲظͳͲͷʮτϨϯυཁҼʯ৽ֶߦྲྀंݹ
ͷʮقઅੑཁҼʯ͕Ө͢ڹΔͱ͑ߟΒΕΔɽ͜ΕΒͷ
ඇఆৗཁҼʹର͢Δྻܥ࣌Ϟσϧͱͯ͠ɼຊڀݚͰ
ۉҠಈฏؼճݾࣗ (ARIMA)Ϟσϧͱقઅࣗݾճ
ۉҠಈฏؼ (SARIMA)ϞσϧΛద༻͢Δɽ

ࠁ࣌ tʹ͓͚Δ͋ΔंछͷදՁ֨ʢதԝʣΛXt

ͱॻ͘ͱɼARMA(p, q)Ϟσϧࣜ࣍ͱͳΔɽ

Xt =
p∑

i=1

aiXt−i + ϵt +
q∑

i=1

biϵt−i (1)

͜͜Ͱɼaiաڈͷ࣮ݱXt−iʹ͓͚Δهؒ࣌Աྗɼ
biաڈͷϗϫΠτϊΠζ ϵt−iʹ͓͚Δهؒ࣌ԱྗΛ
ࣔ͢ɽARMAϞσϧఆৗੑΛԾఆ͢ΔͨΊɼ্هͷ
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 1Ͱྻܥؒ࣌ʹؔ͢ΔهԱ
ੑΛදݱͰ͖ΔͨΊɼARIMA(p, d, q)ϞσϧͱՁͰ
͋Δɽ
ظઅपق͔͠͠ sΛ·͙ͨهؒ࣌Աੑද͢ݱΔʹ
ɼࣜ࣍ͷ 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+1ΛಘΔɽͨͩ͠Ϟσϧߏ͕ෳࡶͰ͋ΔͨΊɼ
ֶशʹ͏σʔλෆ͓Αͼաֶशͷ͕ݒ೦͞Ε
ΔɽϞσϧ࣍ʹ͍ͭͯAICΛ࠷খԽ͢ΔΑ͏ʹܾ
ఆ͢Δ͕ɼաֶशͷ؍͔ΒΑΓγϯϓϧͳ ARIMA

Ϟσϧͷํ͕ػ͢ΔՄੑ͋Δɽ

3.2 ༧ଌ࣮ݧ

2011 10݄͔Β༧ଌରͷલ݄·ͰͷදՁ֨Λ
ϞσϧΛΦϯϥΠϯֶश͠ɼ2016ྻܥ͍࣌ͯ༺ 1݄
͔Β 2017 9݄Λ༧ଌରͱͨ͠ɽ༧ଌਫ਼ͷධՁʹ
ɼਖ਼نԽฏۉೋࠩޡ (NMSE)ͱਖ਼݄Λ༻͍ͨɽ
NMSEࣜ࣍ͰಘΒΕΔɽ

NMSE(X̂) =

√√√√
T∑

t=1

(Xt − X̂t)
2

√√√√
T∑

t=1

(Xt − X̄)2

(3)
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ද 1: ARIMAϞσϧʹΑΔදՁ֨ͷ༧ଌ݁Ռ

ΧςΰϦ ंछ NMSE ਖ਼݄

ημϯ ̡̨ 0.559 17

ημϯ ϓϦε 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: SARIMAϞσϧʹΑΔදՁ֨ͷ༧ଌ݁Ռ

ΧςΰϦ ंछ NMSE ਖ਼݄

ημϯ ̡̨ 0.466 20

ημϯ ϓϦε 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 ༧ଌରͷؒظͷ͞ɼXtࠁ࣌ tʹ͓
͚ΔදՁ֨ͷਅɼX̂tࠁ࣌ tʹ͓͚ΔදՁ֨ͷ
༧ଌɼX̄ ؒظ t = 1, 2, · · · , T ʹ͓͚Δ Xt ͷฏۉ
Λࣔ͢ɽਖ਼݄ɼX̂t͕Xtͷ±10%ʹऩ·ͬͨ
߹Λਖ਼ղͱΈͳ͠ɼ༧ଌରͷ 21ϲ݄ؒ (T = 21)

ͷ͏ͪਖ਼ղ݄ͨ͠Λࣔ͢ɽ
༧ଌ݁ՌΛද 1,2 ͓Αͼਤ 1∼3 ʹࣔ͢ɽημϯ

ARIMA Ϟσϧͱ SARIMA Ϟσϧͷ྆ํʹ͓͍ͯਖ਼
݄͕ଟ͘ɼNMSE͍ͱͳͬͨɽཧ༝ͱͯ͠ɼ
ημϯͷτϨϯυൺֱతམͪண͍͓ͯΓɼقઅੑʹ
͍ͭͯมಈ෯͕ଞंछΑΓখ͍͞ɽҰํɼझຯੑ͕
અੑมಈ෯قτϨϯυมԽ͕ܹ͘͠ɼ̨̫̪͍ߴ
େ͖͍ͨΊ༧ଌ͕͍͠ɽͦͷ݁Ռɼਖ਼݄গͳ
͘ɼNMSE͍ߴʹ͋Δɽಛʹਤ 2ʹ͓͍ͯɼ༧
ଌ͕ਅΛ 1ϲ݄Ε͍͔͚͍ͯͯΔݟ͕ؒظΒ
ΕΔɽͳ͓ ARIMAϞσϧͱ SARIMAϞσϧͷൺֱ
ʹ͓͍ͯɼಛ͢هΔ΄Ͳͷࠩݟड͚ΒΕͳ͍ɽ

ਤ 1: SARIMAʹΑΔϓϦεͷදՁ֨ͷ༧ଌਪҠ

ਤ 2: SARIMAʹΑΔύδΣϩͷදՁ֨ͷ༧ଌਪҠ

ਤ 3: SARIMAʹΑΔϫΰϯ̧ͷදՁ֨ͷ༧ଌਪҠ
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4 Ձ֨ͷมंݸցֶशʹΑΔػ

4.1 ϥϯμϜϑΥϨετͷద༻

ɼදՁ֨ʹ࣍ (தԝ) ͷ༧ଌΛंݸՁ֨ม
͢Δํ๏Λݕ౼͢ΔɽंݸͷಛྔͱදՁ֨ͷ༧ଌ
Λઆ໌มͱ͠ɼंݸͷམࡳՁ֨Λඃઆ໌มʹ͢
Εɼ྆มͷؔΛաڈͷ࣮ʹػ͍ͯͮجցֶश
͢Εྑ͍ɽͦͷػցֶशϞσϧͱͯ͠ɼຊষͰϥ
ϯμϜϑΥϨετ [4]Λ༻͍Δɽ
ͦͷֶशखॱͱͯ͠ɼ·ͣNݸͷֶशσʔλ (xi, yi),

(i = 1, 2, · · · , N)͔Β෮ݩநग़͠ɼಉαΠζ N ͷσʔ
λू߹W (b) Λ B ੜ͢Δɽ࣍ʹɼͦΕͧΕͷσʔ
λू߹W (b), (b = 1, 2, · · · , B) Λ༻͍ͯճؼ RT (b)

Λֶश͢Δɽճؼ୯ମͰ࿈ଓతͳඃઆ໌มͷ
༧ଌʹద༻Ͱ͖Δ͕ɼϥϯμϜϑΥϨετશͯͷճ
ΊΔΞߴԽ͢Δ͜ͱͰ༧ଌੑΛۉͷ༧ଌΛฏؼ
ϯαϯϒϧֶश [5]ͷҰछͰ͋Δɽ֤ճؼͷಠཱੑ͕
ʢଟ༷؍Δ͜ͱू߹ͷ·ߴͲ༧ଌੑ͕΄͍ߴ
ੑ༧ଌఆཧʣ͔Βઆ໌Ͱ͖Δ [6]ɽ

4.2 มݧ࣮

ֶशσʔλͷؒظ 2016 1݄͔Β 2016 12݄
·Ͱɼςετσʔλͷؒظ 2017 1݄͔Β 2017
9݄·Ͱͱ͢Δɽ·ֶͣशσʔλΛ༻͍ͯϥϯμϜϑΥ
ϨετΛߏங͢Δɽͦͷࡍʹɼंݸใͱͯ͠ʮं
ମ৭ʯʮམͪʯʮڑߦʯʮं݄ݕʯʮධՁʯ
ʮ৽ंՁ֨ʯʮφϏͷ༗ແʯʮϨβʔγʔτͷ༗ແʯʮα
ϯϧʔϑͷ༗ແʯΛ༻͍ɼ͞Βʹ֘ंछͷදՁ֨
ʢதԝʣΛઆ໌มͱ͢Δɽඃઆ໌มʹಉं྆ͷ
ʮམࡳՁ֨ʯͱ͢Δ͜ͱͰɼंछຖʹදՁ͔֨Βंݸ
ͷམࡳՁ֨ʹม͢ΔϧʔϧΛֶश͢Δɽͦͷޙɼ
දՁ֨Λ 3ষͰಘͨ༧ଌʹม͠ߋɼ͜ΕΛֶशࡁΈ
ϥϯμϜϑΥϨετʹೖྗ͢Δ͜ͱͰɼंݸͷམࡳՁ
֨ͷਪఆΛಘΔɽ͜ͷਪఆςετσʔλʹରͯ͠
Δɽ͢ࢪ࣮
ਪఆਫ਼ΛධՁ͢Δࢦඪͱͯ͠ɼਖ਼ͱܾఆ
Λ༻͍Δɽਖ਼ɼਪఆ ŷn͕ਅ ynͷ±10%Ҏ
ʹऩ·ͬͨ߹Λਖ਼ղͱ͠ɼͦͷճΛਪఆ࣮ࢪճ
N ͰׂͬͨͷͰ͋Δɽ͞Βʹܾఆ R2ࣜ࣍
ͰಘΒΕΔɽ

R2 = 1−

N∑

n=1

(yn − ŷn)
2

N∑

n=1

(yn − ȳ)2
(4)

͜͜Ͱ ȳਅ ynͷฏۉͰ͋Δɽܾఆ R2 1

ʹ͍ۙ΄Ͳճؼͱͯͯ͠·Γ͕ྑ͍͜ͱΛҙ
ຯ͢Δɽ

ද 3: ϥϯμϜϑΥϨετʹΑΔंݸམࡳՁ֨ͷਪఆ
݁Ռ

ΧςΰϦ ंछ ਖ਼ ܾఆ R2

ημϯ ̡̨ 0.3068 0.8802

ημϯ ϓϦε 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: Ձ֨ͷਅͱਪఆͷ૬ؔਤࡳམंݸ (ϓϦε
ͷ߹)

ਤ 5: Ձ֨ͷਅͱਪఆͷ૬ؔਤࡳམंݸ (ύδΣϩ
ͷ߹)
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ਪఆ݁ՌΛද 3͓Αͼਤ 4,5ʹࣔ͢ɽ͍ͣΕͷंछ
ܾఆR2 0.9ʹ͍ۙΛ͓ࣔͯ͠Γɼճؼ
ͱͯ͠ͷਪఆਫ਼͍ߴɽ͔͠͠ਖ਼ 0.30લޙͱ
͘ɼਅͷ ±10%ҎΛਖ਼ղͱΈͳ͢ج४ඇৗʹ
ɽ͍͠ݫ
·ͨਤ 4ͱਤ 5ʹࣔ͢Α͏ʹɼՁ֨ଳʹ͓͍ͯޡ
͕ࠩେ͖͍ʹ͋Δɽ͜ͷཧ༝ͱͯ͠ɼάϨʔυ
ࣜͳͲͰྨͤͣʹֶशͨͨ͠ΊɼߴՁ֨ଳͱՁ֨
ଳͷֶश͕ࠩޡಉҰʹѻΘΕͨͨΊͱ͑ߟΒΕΔɽਅ
ͱࠩޡͷൺΛ͑ߟΕɼՁ֨ଳ͜ͷൺ͕େ
͖͘ͳΓ͍͢ɽ͜Ε͕ਖ਼ΛԼ͛ΔཁҼʹͳΔͨ
ΊɼޙࠓઈରࠩޡͰͳ͘ʮࠩޡʯΛ࠷খԽ͢ΔΑ
͏ʹϞσϧύϥϝʔλΛػցֶश͢Δํ๏Λݕ౼͢Δɽ
·ͨɼάϨʔυࣜͳͲͰֶशσʔλΛׂ͢Δํ
๏༗ޮ͔͠Εͳ͍͕ɼֶशσʔλͷݮগʹΑΓ
ցֶशࣗମͷੑ͕Լ͢ΔՄੑ͋Δɽػ

5 ਂֶशʹΑΔ
Ձ֨ͷ༧ଌࡳམंݸ

5.1 ਂֶशͷద༻

3ষͱ 4ষʹΑΔ༧ଌϓϩηεʹ͓͍ͯɼൃ͕ࠩޡੜ
͢ΔཁҼ 3͋Δɽ·ͣंछຖͷදՁ֨ͱͯ͠த
ԝ͕ଥͳͷ͔͕ٙΔɽ͔͠͠ػցతʹදՁ
֨ΛٻΊΔϧʔϧΛఆΊͯɼͦͷϧʔϧ͕શʹਖ਼
͍͠ͱݶΒͳ͍ɽ࣍ʹදՁ֨ʹର͢Δྻܥ࣌༧ଌ
ʹ͍ͭͯ༧ଌ͕ࠩޡੜ͡ɼ͞ΒʹंݸམࡳՁ֨ͷ
มʹ͓͍ͯม͕ࠩޡੜ͡Δɽͦ͜ͰຊষͰɼ͜
ΕΒͷ͕ࠩޡհ͠ࡏͳ͍Α͏දՁ֨Λྀͣͤߟɼ
తʹंݸͷམࡳՁ֨Λ༧ଌ͢Δɽ͜ͷ༧ଌʹਂֶ
शϞσϧΛద༻͢Δɽ
ਂֶशϞσϧͷߏͱͯ͠தؒΛ 3ͱ͠ɼ֤
χϡʔϩϯΛԼҐ͔Βॱʹ j = 40, k = 8, l = 4

ͱ͢Δɽͳ͓աֶशΛ͑Δ͘ɼதؒୈ 1ʹ
ফڈ 40%ͷυϩοϓΞτΛద༻͢Δɽੑ׆Խؔ
ʹ͍ͭͯɼதؒୈ 1ͱୈ 3ʹਖ਼نԽઢؔܗ
(ҎԼɼReLU) Λ༻͍ɼதؒୈ 2ʹ߃ؔΛ༻
͍Δɽͳ͓ຊڀݚճؼ (࿈ଓͷ༧ଌ) Ͱ͋Δͨ
Ίɼग़ྗͷੑ׆Խؔ߃ؔͱ͢Δɽ݁߹ڧ
ͷॳظʹ͍ͭͯɼReLUΛ༻͍Δ݁߹͢Δ
߹Xavier Glorotͷॳظ [7]Λɼ߃ؔΛ༻͍Δ
݁߹͢Δ߹ Heͷॳظ [8]Λ༻͍Δɽ
தؒΛଟʹ͢Δ΄Ͳޯফࣦ͕͜ىΔͨΊɼ
લֶशͱͯ͠ੵΦʔτΤϯίʔμࣄ [9]Λద༻͢Δɽ
֤ΦʔτΤϯίʔμʹ͓͍ͯใѹॖ͢Δ͜ͱͰɼઆ
໌มͷಛநग़Λ͏ߦɽͦͷޙϑΝΠϯνϡʔχϯ
άͱͯ͠ɼਂֶशϞσϧશମΛٯࠩޡ๏ʹΑͬ
৴߸ʹର͢Δೋࢣڭɼʹࡍश͢Δɽͦͷֶ࠶ͯ

ؔࠩޡΛࠩޡ E ͱ͠ɼֶशσʔλΛϥϯμϜʹ 1%

બͿόονֶशΛ 10000ճ܁Γฦ͢ɽޯ߱Լ๏ͷ࠷
దԽΞϧΰϦζϜʹ Adam[10]Λ༻͍ɼ֤ύϥϝʔ
λΛ α = 0.001ɼβ1 = 0.9ɼβ2 = 0.999ͱͨ͠ɽϑΝΠ
ϯνϡʔχϯάʹ͓͍ͯޯফࣦʹΑΓೖྗ
ۙͷॏΈߋ৽͞Εʹ͍͕͘ɼࣄલֶशʹ͓͍ͯ༏
ઌతʹֶश͞Ε͍ͯΔͨΊॏେͳͱͳΒͳ͍ɽ

5.2 ༧ଌ࣮ݧ

ֶशσʔλͱςετσʔλͷؒظ 4.2અͱಉ༷Ͱ
͋Δɽઆ໌มͱͯ͠ʮंମ৭ʯʮམͪʯʮڑߦ
ʯʮं݄ݕʯʮධՁʯʮ৽ंՁ֨ʯʮφϏͷ༗ແʯʮϨ
βʔγʔτͷ༗ແʯʮαϯϧʔϑͷ༗ແʯΛ༻͍ɼʮंݸ
མࡳՁ֨ʯΛඃઆ໌มͱ͢Δɽ4.2આͱͷҧ͍ɼ
දՁ֨Λઆ໌มʹؚΊͳ͍ͱɼඃઆ໌มͷΛ
ʮࠪఆ࣌ʹͯ͠ʯֶश͢Δʹ͋Δɽྫ͑ɼམ
ͪ༧ଌରंݸͷࣜͱΦʔτΦʔΫγϣϯ։࠵
݄ͷࠩΛҙຯ͢Δɽͦ͜ͰམͪΛ 1ϲ݄Ҿ͍ͯࠪ
ఆ࣌ͷใΛਂֶशʹೖྗ͢Δ͜ͱͰɼ1ϲ݄ઌͷ
ΦʔΫγϣϯ։࣌࠵ͷམࡳՁ֨ (༧ଌ)Λग़ྗ͢Δɽ
͞Βʹ֤มͷεέʔϧௐ (લॲཧ) ͱͯ͠ɼʮंମ
৭ʯंछຖͷग़ݱͱͯ͠ఆྔԽ͠ɼ৭ͷՁ (ਓ
(ؾ Λද͢ɽʮམͪʯʮڑߦʯंछຖʹ
ֶशσʔλͷશं྆ͷؒͰඪ४Խ͢Δɽʮं݄ݕʯ
௨ৗຬ͕ظ 2ϲͳͷͰࠪఆ࣌ʹ͓͚Δं݄ݕΛ
24Ͱআ͓ͯ͘͠ɽͳ͓৽ंͷॳंݕ 3ϲͳͷͰ
 0 ∼ 1.5ΛͱΓ͏ΔɽʮධՁʯΦʔτΦʔΫγϣ
ϯձʹΑΔՁධՁͰ͋Γɼ৽ंݹ 2000ɼதݹ
ं 300 ∼900Ͱ࠾͞ΕΔɽͦͷͨΊݩͷධՁ
Λ 1000Ͱআ͓ͯ͘͠ɽʮ৽ंՁ֨ʯंछຖʹඪ४
Խ͢Δɽ͞ΒʹʮφϏͷ༗ແʯʮϨβʔγʔτͷ༗ແʯ
ʮαϯϧʔϑͷ༗ແʯʹ͍ͭͯ৽ं࣌ͷඪ४උঢ়ଶ
ͱಉҰͰ͋Ε 0ɼෆ͍ͯ͠Ε-1ɼ૿ઃ͞Ε͍ͯΕ
+1ͱ͢Δɽ
༧ଌ݁ՌΛද 4͓Αͼਤ 6,7ʹࣔ͢ɽημϯʹ͍ͭͯ
ɼද 3ͷϥϯμϜϑΥϨετΑΓ͍ߴ༧ଌਫ਼Λಘ
͍ͯΔɽ͜Ε 3ষͷྻܥ࣌༧ଌͱಉ༷ʹɼτϨϯυ
قઅੑมಈ͕ൺֱతখ͍͞΄Ͳ༧ଌ͘͢͠ɼ͞Β
ʹ༧ଌʹΑΓ͕ࠩޡհ͢ࡏΔཁҼΛݮΒͨ͠ޮՌ
ͩͱ͑ߟΒΕΔɽܾఆ R2ʹ͓͍ͯɼ9ंछத 5

ंछʹ͓͍ͯද 3Λ্ճΔ݁ՌΛಘ͕ͨɼਖ਼Ͱ
9ंछத 2ंछ͔͠ද 3͔Β্Ͱ͖͍ͯͳ͍ɽ͜ͷ
ཧ༝ͱͯ͠ɼਂֶशͷઆ໌มʹτϨϯυقઅੑ
ʹؔ͢ΔใΛ༻͍ͳ͔ͬͨͨΊɼ͜ΕΒͷཁҼ͕ڧ
͍ंछʹ͓͍ͯલষͷํ๏ͷํ͕ػͨ͠ͱ͑ߟ
ΒΕΔɽͦ͜ͰޙࠓɼτϨϯυʹ͍ͭͯ RNN
LSTMͳͲߏؒ࣌ʹରԠͨ͠ػցֶशϞσϧΛಋೖ
͠ɼقઅੑʹ͍݄༵ͭͯͳͲΛμϛʔมͰ༩
͑Δํ๏Λݕ౼͢Δɽ
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ද 4: ਂֶशʹΑΔंݸམࡳՁ֨ͷ༧ଌ݁Ռ

ΧςΰϦ ंछ ਖ਼ ܾఆ R2

ημϯ ̡̨ 0.4205 0.9420

ημϯ ϓϦε 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: Ձ֨ͷਅͱ༧ଌͷ૬ؔਤࡳམंݸ (ϓϦε
ͷ߹)

ਤ 7: Ձ֨ͷਅͱ༧ଌͷ૬ؔਤࡳམंݸ (ύδΣϩ
ͷ߹)

6 ·ͱΊ

ຊڀݚͰதंݹങऔళͷཱʹཱͪɼ1ϲ݄ޙͷத
छຖͷදՁंʹࡍՁ֨Λ༧ଌͨ͠ɽͦͷࡳͷམंݹ
֨ (தԝ) Λഔհ͢Δํ๏ͱɼഔհͤͣʹ༧ଌ͢
Δํ๏Λݕ౼ͨ͠ɽͦͷ݁ՌɼτϨϯυقઅੑมಈ͕
େ͖͍ंछʹલऀ͕ྑ͘ɼখ͍͞ंछʹྑ͕ऀޙ
͔ͬͨɽ͜ͷཧ༝ͱͯ͠ɼऀޙͷ༧ଌ (ਂֶश)

ࠩޡͷൃੜϓϩηεΛ࠷খݶʹͰ͖Δ͕ɼલऀ ࣌)
(Ϟσϧྻܥ ͷΑ͏ʹߏؒ࣌Λྀ͍ͯ͠ߟͳ͍ɽͦ
͜Ͱޙࠓͷ՝ͱͯ͠ɼRNN LSTMͰτϨϯυΛ
ࠩޡʹɼ͞Β͠ݱઅੑΛදقɼμϛʔมͰྀ͠ߟ
ΛػցֶशͷධՁج४ʹ͢Δ͜ͱͰՁ֨ଳʹ͓͚Δ
༧ଌࠩޡͷվળΛ͢ࢦɽ

ँࣙ

ຊڀݚࣜגձࣾϓϩτίʔϙϨʔγϣϯͱͷڞಉ
ڀݚͷҰ෦จ෦ՊֶলՊֶڀݚͰ͋Δɽͳ͓ຊڀݚ
අج൫ڀݚ (C)(No.16K00320)ͷॿʹΑΓͨͬߦɽ
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