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Recently, the form of transaction between consumers called CtoC (Consumer to Consumer) service has expanded
the market scale and has attracted great interest. In CtoC services, where the decrease in users directly causes
the decline of services, it is necessary to take measures to prevent existing users from leaving. In order to support
such measures, the problem of predicting user departure with high accuracy and interpretability has been actively
studied as ”User Churn Prediction”. The purpose of this research is to construct a high-performing and interpretable
framework to predict user settlement and churn that incorporates not only users’ own characteristics but also the
effects of contact between users. We applied Graph Neural Networks(GNNs), which have been attracting attention
in recent years, to the task of predicting user settlement and churn in the CtoC service.

1. ং࿦

ۙ೥ͷΠϯλʔωοτͷීٴʹ൐͍ɼeίϚʔε ঎औࢠి)
Ҿ)͕੝ΜʹߦΘΕΔΑ͏ʹͳͬͨɽͦ Εʹ൐͍ɼফඅऀͷফඅ
͍ͨ༺ಈ΋ଟ༷Խ͍ͯ͠ΔɽಛʹɼεϚʔτϑΥϯ΍ͦΕΛߦ
൐͍ɼCtoCʹٴγεςϜͷීࡁܾ (Consumer to Consumer)

ͱݺ͹ΕΔҰൠফඅऀؒͰͷऔҾܗଶ͕ࢢ৔ن໛Λ֦େ͠ɼେ
͖ͳؔ৺ΛूΊ͍ͯΔɽ
CtoCϓϥοτϑΥʔϜΛΛؚΉ eίϚʔεϓϥοτϑΥʔ

ϜͰ͸ɼϢʔβ਺Λ૿Ճɾҡͯͤ࣋͞རӹΛ࠷େԽ͢ΔͨΊʹɼ
཭୤ͦ͠͏ͳϢʔβʹΞϓϩʔν͢Δ͜ͱͰ཭୤Λ๷͙ࡦࢪ
ԉ͢΂͘ɼࢧΛࡦࢪΘΕ͍ͯΔɽֶज़քͰ͸ͦͷߦʹతۃੵ͕
੝͕ڀݚਫ਼౓ͱղऍੑΛ΋ͬͯϢʔβͷ཭୤Λ༧ଌ͢Δ͍ߴ
ΜʹߦΘΕ͍ͯΔɽCtoCαʔϏεΛར༻͢ΔϢʔβʹର͢Δ
ఆணɾ཭୤༧ଌΛ͑ߟΔͱ͖ɼ༧ଌର৅ͱ͢ΔϢʔβࣗ਎ͷಛ
௃͚ͩͰͳ͘ɽϢʔβؒͷ઀৮ͷӨڹΛৄྀ͢ߟʹࡉΔ͜ͱ͸
ਫ਼౓ͱղऍੑͷ྆໘ͰඇৗʹॏཁͰ͋Δͱ͑ߟΒΕΔɽಛʹɼ
༧ଌର৅ͱͳΔϢʔβͷ 1) ઀৮૬खͷੑ࣭ɼ2) ઀৮ͷํ๏ɼ
ͦͯ͠ 3)Ͳͷ઀৮͕ॏཁͰ͔͋ͬͨΛϞσϦϯά͢Δ͜ͱͰɼ
଴Ͱ͖Δɽظਫ਼౓ͱղऍੑΛ͍ߴ
͜ͷΑ͏ͳഎ͔ܠΒɼຊڀݚͷ໨త͸ɼCtoCαʔϏεΛར

༻͢ΔϢʔβͷߦಈ޲܏Λ໌Β͔ʹ͢Δͱͱ΋ʹɼϢʔβͷ
ఆணɾ཭୤༧ଌʹ͍ͭͯɼ༧ଌର৅ͷϢʔβͷಛ௃͚ͩͰͳ͘
Ϣʔβؒͷ઀৮͕΋ͨΒ͢Өڹ΋૊ΈࠐΜͩఆணɾ཭୤༧ଌϑ
ϨʔϜϫʔΫΛߏங͠ɼߴਫ਼౓ͰղऍՄೳͳ༧ଌΛ͜͏ߦͱͰ
͋Δɽ݁ՌͷղऍΛ௨ͯ͠ఆணɾ཭୤ʹؔΘΔϢʔβͷ޲܏Λ
໌Β͔ʹ͠ɼϢʔβ਺Λ૿Ճͤ͞ΔͨΊͷࡦࢪ΁ͷ׆༻Λ໨
ɽ͢ࢦ
ຊڀݚͰ͸ϋϯυϝΠυ࡞඼ΛചങͰ͖Δ CtoC ϓϥοτ

ϑΥʔϜ minne∗1 ͷ࣮σʔλΛର৅ͱ͢ΔɽϢʔβͷಛ௃ͱ
઀৮ͷӨڹΛߴྀͨ͠ߟਫ਼౓ͰղऍՄೳͳఆணɾ཭୤༧ଌΛ࣮
ΔͨΊɼۙ೥஫໨ΛूΊ͍ͯΔ͢ݱ Graph Neural Networks
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༻͠ɼϕʔεϥΠϯख๏ͱൺֱ࣮ݧΛ͏ߦɽ·ͨɼϞσϧͷղ
ऍੑΛ׆༻͠ɼఆணɾ཭୤Λ༧ଌ͢ΔࡍʹॏཁͰ͋ͬͨଞϢʔ
βͱͷ઀৮ͷछྨ΍઀৮૬खΛநग़Ͱ͖Δ͜ͱΛࣔ͠ɼϢʔβ
ͷఆணΛଅ͢ࡦࢪ΁ͷ׆༻Մೳੑʹ͍ͭͯ͢࡯ߟΔɽ

2. ؔ࿈ڀݚ

2.1 Ϣʔβ཭୤༧ଌ
αʔϏεͷϢʔβ਺Λ૿Ճ͍ͤͯͨ͘͞Ίͷઓུͱͯ͠ɼ৽

ͨʹϢʔβΛ֫ಘ͢Δ͜ͱ͸ݱଘ͢ΔϢʔβΛҡ࣋͢Δ͜ͱ
ΑΓ΋ίετ͕͘ߴͳΓ΍͍͢͜ͱ͕஌ΒΕ͍ͯΔ [Daly 02,

Gillen 05]ɽͦͷͨΊɼ཭୤ͦ͠͏ͳϢʔβʹΞϓϩʔνͯ͠
཭୤Λ๷͙ࡦࢪΛ͡ߨΔ͜ͱ͸Ϗδωε্ͷ؍఺͔Βඇৗʹॏ
ཁͰ͋Δɽֶज़քʹ͓͍ͯ΋ɼݱଘϢʔβͷಛ௃͔Βߴਫ਼౓Ͱ
ղऍՄೳͳϢʔβ཭୤༧ଌϞσϧΛߏங͢Δ͕ڀݚ੝ΜʹߦΘ
Ε͖ͯͨɽຊڀݚʹؔ࿈͢Δྫͱͯ͠ɼϢʔβಉ࢜ͷ઀৮͕͋
ΔαʔϏεΛର৅ͱͨ͠Ϣʔβ཭୤༧ଌʹ͍ͭͯ঺հ͢Δɽ
KwonΒ [Kwon 19]͸ϏδωεαΠτʹର͢ΔϨϏϡʔϓ

ϥοτϑΥʔϜΛར༻͢ΔϢʔβΛର৅ͱͯ͠ɼϢʔβɾ஍Ҭ
ͳͲͷಛ௃ྔʹՃ͑ɼϢʔβಉ࢜ͷϑϨϯυωοτϫʔΫʹ͓
͚Δ࣍਺΍ۙ๣ͷ཭୤཰΋ಛ௃ͱͯ͠૊ΈࠐΈ཭୤༧ଌΛߦ
͏ϞσϧΛఏҊ͠ɼϞσϧͷղऍʹΑΓ཭୤ͱ͍ؔڧ͕܎ಛ
௃ʹ͍ͭͯͨ͠࡯ߟɽDrachenΒ [Drachen 18]͸ιʔγϟϧ
ήʔϜͷϢʔβʹର͠ɼϢʔβͷϓϨΠɾߪೖཤྺͱϑϨϯυ
ωοτϫʔΫʹ͓͚Δ࣍਺ɼϖʔδϥϯΫɼ֤छத৺ੑͳͲ͔
Β཭୤Λ༧ଌ͢Δख๏ΛఏҊͨ͠ɽYangΒ [Yang 18]͸ιʔ
γϟϧίϛϡχέʔγϣϯΞϓϦͷ SnapchatΛର৅ʹɼݸʑ
ͷϢʔβͷߦಈಛ௃ʹՃ͑ϑϨϯυؔ܎ʹ͓͚ΔΤΰωοτ
ϫʔΫ΋ಛ௃ʹ૊ΈࠐΈɼϢʔβΫϥελϦϯάͱ཭୤༧ଌΛ
ղऍՄೳͳϑϨʔϜϫʔΫΛఏҊͨ͠ɽ͏ߦ
͜ΕΒ͸Ϣʔβಉ࢜ͷ઀৮Λྀ͍ͯ͠ߟΔ͕ɼ͍ͣΕ΋ಛ௃

ྔΤϯδχΞϦϯάʹΑΓωοτϫʔΫ্ͷϊʔυ͕ͭ࣋τϙ
ϩδΧϧͳੑ࣭ Λநग़ͨ͠Γɼۙ(਺ɼϖʔδϥϯΫͳͲ࣍)
๣ͷͭ࣋ಛ௃Λ୯७ฏͨ͠ۉΓ͢ΔΞϓϩʔνͰ͋Δɽͦͷͨ
ΊɼϢʔβ͕઀৮ͨ͠ݸʑͷ઀৮૬खͷੑ࣭΍઀৮ํ๏ʹ͍ͭ
Ή͜ͱɼ͓Αͼղऍ͢Δ͜ͱ͸Ͱ͖ͳ͍ɽͨ͠ࠐผʹ૊Έݸͯ
͕ͬͯɼຊڀݚͰѻ͏Α͏ͳଟछଟ༷ͳϢʔβ͕ෳࡶͳ઀৮Λ
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ɾղऍੑͷྗݱΔσʔλʹద༻͢Δ৔߹ɼϞσϧͷද͍ͯͬߦ
૒ํʹվળͷ༨஍͕͋Δͱ͑ߟΒΕΔɽ

2.2 ෳࡶωοτϫʔΫʹؔ͢Δख๏
ຊڀݚͰѻ͏σʔλ͸঎඼ͷఏऀڙͱߪೖऀͱ͍͏ҟͳΔ

ੑ࣭Λͭ࣋Ϣʔβ͕͓ΓɼͦΕΒ͕ߪങؔ܎΍ϑΥϩʔؔ܎ͱ
͍ͬͨෳ਺ͷෳࡶͳؔ܎Ͱ݁͹Ε͍ͯΔωοτϫʔΫσʔλ
Ͱ͋ΔͱΈͳ͢͜ͱ͕Ͱ͖Δɽۙ೥ɼ͜ͷΑ͏ʹෳࡶͳωοτ
ϫʔΫσʔλΛϞσϦϯά͢Δख๏ͷ͕ڀݚ੝ΜʹߦΘΕͯ
͍Δɽ
ۙ೥ɼϊʔυ෼ྨ΍ϦϯΫ༧ଌ΁ͷΞϓϩʔνͱͯ͠େ͖ͳ

஫໨ΛूΊ͍ͯΔख๏͕Graph Neural Networks(GNNs)Ͱ͋
ΔɽGNNsͷ෼ྨ΍Ԡ༻ྫʹ͍ͭͯ͸ෳ਺ͷαʔϕΠ࿦จ͕ݟΒ
ΕΔ [Zhou 18, Wu 19]ɽGNNs͸ Network Embeddingͱ͸
ҟͳΓɼ௨ৗ͸͋ࢣڭΓֶशͱͯ͠ѻΘΕΔख๏Ͱ͋Δɽϊʔυ
ಛ௃ྔͷม׵ͱྡ઀ؔ܎ʹΑΔू໿ͱ͍͏Ұ࿈ͷྲྀΕΛࢣڭ৘ใ
Λ༻͍ͯEnd-to-EndͰֶश͢Δ͜ͱʹΑΓɼωοτϫʔΫؔ࿈
ͷछʑͷλεΫͰ͍ߴύϑΥʔϚϯεΛൃ͖ͨͯ͠ش [Kipf 16,

Hamilton 17, Ying 18]ɽSchlichtkrullΒ [Schlichtkrull 18]͸
Τοδͷछྨ͕ෳ਺͋ΔΑ͏ͳωοτϫʔΫʹରͯ͠ޮՌతͳ
Relational Graph Convolutional Networks(R-GCN)ΛఏҊ
͠ɼϊʔυ෼ྨͱϦϯΫ༧ଌͰੑ͍ߴೳΛൃ͢شΔ͜ͱΛࣔ͠
ͨɽVeličkovićΒ [Veličković 17]͕ఏҊͨ͠Graph Attention

Networks (GAT) ͸ɼྡ઀ϊʔυͷू໿Λࡍ͏ߦͷॏΈ෇͚
Λಉ࣌ʹֶशΛ͜͏ߦͱͰɼΤοδͷͳ͔Ͱ΋ຊ࣭తͳ΋ͷͩ
͚Λͯͬ࢖ϊʔυදݱͷߋ৽Λ͜͏ߦͱ͕Ͱ͖Δɽ·ͨɼֶश
ʹΑͬͯऔಘ͞ΕͨॏΈΛͯͬ࢖ϞσϧͷղऍΛ͜͏ߦͱ͕Ͱ
͖Δɽ
ຊڀݚͰ͸ɼR-GCN[Schlichtkrull 18]Λϕʔεͱͯ͠Ϟσ

ϧͱɼGAT[Veličković 17] Λϕʔεͱͨ͠ϞσϧΛϢʔβఆ
ணɾ཭୤༧ଌʹద༻͠ɼͦͷଞͷϕʔεϥΠϯख๏ͱͷൺֱΛ
ͷ෼ੳΛ޲܏Ϣʔβͨ͠༺׆ͱͱ΋ʹɼϞσϧͷղऍੑΛ͏ߦ
ɽ͏ߦ

3. CtoCαʔϏεσʔλ֓ཁ

ຊڀݚͰ͸ɼGMOϖύϘࣜגձࣾ ∗2ΑΓɼಉ͕ࣾ 2012೥
1݄͔ΒӡӦ͍ͯ͠ΔαʔϏεͰ͋Δ minneʹ͍ͭͯͷσʔ
λఏڙΛड͚ͨɽ
minne ͸ϋϯυϝΠυ࡞඼Λചങ͢Δ͜ͱ͕Ͱ͖Δ CtoC

αʔϏεͰ͋ΔɽϢʔβؒͰऔҾ͞ΕΔ঎඼͸ϢʔβʹΑͬͯ
૑͞࡞ΕͨϋϯυϝΠυ࡞඼ (ҎԼɼ࡞඼)Ͱ͋Δɽminneͷ
Ϣʔβ͸ར༻ํ๏͔Β ೖऀ”ͷߪ“Ո”ɼ࡞“ 2छྨʹ෼ྨ͢Δ
͜ͱ͕Ͱ͖Δɽ࡞Ոͱ͸ɼ࡞඼Λ૑͠࡞ग़඼͢ΔϢʔβΛ͠ࢦɼ
࡞ɽ·ͨɼ͢ࢦೖ͢ΔϢʔβΛߪ඼Λ࡞ೖऀ͸ग़඼͞Εͨߪ
Ոɾߪೖऀؒͷ઀৮ͱͯ͠ɼ࡞Ոͱߪೖऀؒͷ࡞඼ͷചങɼߪ
ೖऀ͕ؾʹೖͬͨ࡞Ոͷొ࿥͢Δ “ϑΥϩʔ”ػೳ΍ߪೖऀ͕
Δ͢ߘ૝Λ౤ײ඼ʹ͍ͭͯͷ࡞ೖͨ͠ߪ “ϨϏϡʔ”ػೳɼ౤
Ո͕ฦ৴͢Δ࡞ΕͨϨϏϡʔʹରͯ͠͞ߘ “ϦϓϥΠ”ػೳͳ
Ͳ͕͋Δɼ
ຊڀݚʹ༻͍Δσʔλ͸ 2018೥ 12݄ 1೔͔Β 2019೥ 12

݄ 1೔ͷؒ (ҎԼɼର৅ؒظ)ʹߦΘΕͨ࡞඼ͷചങऔҾཤྺɼ
ର৅ؒظʹऔҾΛߦͳͬͨϢʔβͷશϑΥϩʔؔ܎ɼϨϏϡʔɾ
ϦϓϥΠཤྺɼશग़඼ཤྺͰ͋Δɽͳ͓ɼminne ͷσʔλΛ
ʹͷϢʔβͱඥ͔ͮͳ͍Α͏ࡍ͸ɼ࣮ʹࡍ໨తͰར༻͢Δڀݚ
Ϣʔβ IDΛৼΓ௚ͯ͠ར༻͍ͯ͠Δɽ

∗2 https://pepabo.com

·ͨຊڀݚͰ͸ɼαʔϏεͷར༻ํ๏ ,ೖߪ) ൢച)ʹैͬͯ
ϢʔβΛ࡞Ոͱߪೖऀʹ෼ྨ͢Δɽͦ͜Ͱ·ͣɼର৅ؒظதͷ
औҾཤྺ͔Β࡞඼ͷൢചΛͨͬߦϢʔβ਺ ɼ͓Αͼ(Ո਺࡞=)
Ϣʔβ਺ͨͬߦೖΛߪ඼ͷ࡞ ग़ͨ͠ͱ͜ΖɼࢉΛ(ೖऀ਺ߪ=)
Ո਺͕࡞ 141,906ਓɼߪೖऀ਺͕ 2,438,592ਓͰ͋ͬͨɽ͜ͷ
͜ͱ͔Βɼߪೖऀ͸࡞Ոͷ໿ 17.2ഒଘ͠ࡏɼগ਺ͷ࡞Ոͱଟ
਺ͷߪೖऀؒͰ࡞඼ͷऔҾ͕ߦΘΕ͍ͯΔ͜ͱ͕Θ͔ͬͨɽ
·ͨɼؒظதͷ݄͝ͱͷऔҾ਺ͷฏۉ͸໿ 410618 ճɼ݄

͝ͱͷϨϏϡʔ਺ͷฏۉ͸໿ 155630ճɼϦϓϥΠ਺ͷฏۉ͸
໿ 81617ճɼ݄͝ͱͷϑΥϩʔ૿Ճ਺ͷฏۉ͸໿ 550053ճͰ
͋ͬͨɽ͜ΕΒ͔Βɼ࡞ՈɾߪೖऀؒͰ࡞඼ͷऔҾɼϨϏϡʔɾ
ϦϓϥΠɼϑΥϩʔͱ͍ͬͨ઀৮͕੝ΜʹߦΘΕ͍ͯΔ͜ͱ͕
Θ͔Δɽ

4. Ϣʔβఆண/཭୤༧ଌ

4.1 ཁ֓ݧ࣮
4.1.1 ໨త

ຊڀݚͰ͸ɼ1)͍ߴਫ਼౓Ͱͷఆணɾ཭୤Ϣʔβͷ༧ଌͱɼ2)

Ϣʔβͷఆண΍཭୤ͱؔ࿈͕͍ڧཁૉΛ໌Β͔ʹ͢Δ͜ͱͷ 2

఺Λ໨తͱ͠ɼminneϢʔβͷఆணɾ཭୤Λ༧ଌ͢ΔϑϨʔϜ
ϫʔΫΛݕ౼͢Δɽ

4.1.2 ઃఆݧ࣮

ຊ࣮ݧͰ͸ʮ2019೥ 3݄ʹग़඼ɾൢചɾඃϨϏϡʔɾඃϑΥ
ϩʔΛߦͳͬͨ࡞ՈʯΛର৅ͱ͢Δɽ·ͨɼ޲܏ΛΑΓ໌֬ʹ
೺Ѳ͢ΔͨΊɼ࡞ՈΛ৽࡞نՈ (ొ࿥ؒظ: 2019೥ 1݄ʙ3݄)

ͱ࡞ࢀݹՈ (ొ࿥ؒظ: 2018೥ 1݄ʙ3݄)ʹ෼͚ͯͦΕͧΕ
ͰֶशͱධՁΛ͏ߦɽ
ಛ௃ྔͱͯ͠͸ɼ֤࡞Ոͷ 2019೥ 3݄ʹ͓͚Δൢച਺ɼग़

඼਺ɼඃϑΥϩʔ਺ɼඃϨϏϡʔ਺ɼϦϓϥΠ਺ɼ࡞඼঺հจ
ͷฏۉ௕ɼऔҾͷฏֹۚۉɼߪೖऀҰਓ౰ͨΓͷऔҾ਺ɼҰऔ
Ҿ͋ͨΓͷ࡞඼ͷ਺ɼϨϏϡʔͷฏۉ௕ɼϦϓϥΠͷฏۉ௕ɼ
Ϧϐʔτߪೖऀͷ਺ ∗3ɼͷ߹ܭ ੒ͨ͠ɼ࡞ͷಛ௃ྔΛݸ12
໨తม਺͸ 2ͭͷύλʔϯͰఆٛͨ͠ɽ1ͭ͸ɼର৅ͷϢʔ

β͕ఆண͢Δ͔ͦ͏Ͱͳ͍͔Λ൑ผ͢Δ͜ͱʹओ؟Λஔ͍ͨɼ
“ఆண/ඇఆண”໨తม਺Ͱ͋Δɽͦͯ͠ɼ΋͏Ұͭ͸ɼର৅ͷ
Ϣʔβ͕཭୤͢Δ͔ͦ͏Ͱͳ͍͔Λ൑ผ͢Δ͜ͱʹओ؟Λ͓͍
ͨɼ“཭୤/ඇ཭୤”໨తม਺Ͱ͋Δɽ“ఆண/ඇఆண”͸ɼʮ2019

೥ 9݄Ҏ߱ʹग़඼·ͨ͸ൢചΛߦ/ͨͬߦΘͳ͔ͬͨʯͱఆٛ
͠ɼ“཭୤/ඇ཭୤”͸ʮ2019 ೥ 4 ݄Ҏ߱ʹग़඼·ͨ͸ൢചΛ
ͳͬͨʯͱఆٛͨ͠ɽߦ/Θͳ͔ͬͨߦ

4.2 ख๏
ຊ࣮ݧͰ͸ GNNs Λϕʔεͱͨ͠ 2 ͭͷϞσϧ (R-GCN;

Relational Graph Convoutional Network[Schlichtkrull 18],

GAT; Graph Attention Networks[Veličković 17]) Λఆணɾ
཭୤༧ଌʹద༻͠ɼ3 ͭͷϕʔεϥΠϯख๏ (ܾఆ໦෼ੳ
[Breiman 84]ɼϩδεςΟοΫճؼ෼ੳ (LR)[Cox 58]ɼଟ૚
χϡʔϥϧωοτϫʔΫ (ଟ૚ NN))ͱͷൺֱΛ͏ߦɽ

4.3 ݁Ռ
ද 1 ʹɼ৽࡞نՈͷఆண༧ଌɼ৽࡞نՈͷ཭୤༧ଌɼࢀݹ

Ոͷ཭୤༧ଌʹ͍ͭͯͷ݁ՌΛࣔ͢ɽ࡞ࢀݹՈͷఆண༧ଌɼ࡞
৽࡞نՈʹର͢Δ෼ྨλεΫͰɼGNNs Λϕʔεͱͨ͠Ϟσ
ϧ͸༗ޮͰ͋Δͱ͍͏͜ͱ͕໌Β͔ʹͳͬͨɽ

∗3 ʹதؒظ 2 ճҎ্ͷऔҾ͕͋ͬͨߪೖऀͷϢχʔΫ਺
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ද 1: Ոʹ͍ͭͯͷ෼ྨλεΫͷ࡞ AUC
ख๏ ৽نఆண ৽ن཭୤ ఆணࢀݹ ཭୤ࢀݹ
ܾఆ໦ 0.684 0.701 0.767 0.804

LR 0.666 0.696 0.778 0.804

ଟ૚ NN 0.675 0.700 0.784 0.809

R-GCN 0.721 0.729 0.778 0.808

GAT 0.722 0.728 0.783 0.811

ਤ 1: GATͷ৽࡞نՈఆண༧ଌϞσϧʹ͓͚Δ Self-loop΁ͷ
ॏཁ౓ͷճؼ໦

4.4 ࡯ߟ
4.3 અͷ݁Ռ͔Βɼಛʹ GNNs ϕʔεͷख๏Ͱͷੑೳվળ

͕ஶ͔ͬͨ͠৽࡞نՈఆண༧ଌʹ͍ͭͯɼGATͷϞσϧͷղ
ऍΛ௨ͯ͢͠࡯ߟΔɽ
ਤ 1ʹɼGATʹΑֶͬͯश͞Εͨ Self-loop∗4 ͷॏཁ౓ࢉ

ग़ʹ͍ͭͯɼ࡞Ոͷಛ௃ྔ͔Βॏཁ౓Λઆ໌͢Δճؼ໦Λࣔ
͢ɽ͜ΕΑΓɼ࡞Ո͕ൃ׆ͳ৔߹͸ Self-loopͷॏཁ౓͕͘ߴ
ͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽਤ 2ʹɼSelf-loopҎ֎ͷΤοδʹͭ
͍ͯɼ࡞Ոɾߪೖऀͷಛ௃ྔ͓ΑͼΤοδͷλΠϓ͔Βॏཁ౓
Λઆ໌͢Δճؼ໦Λࣔ͢ɽ͜ΕΑΓɼߪೖऀͷϑΥϩʔ਺΍Ϩ
Ϗϡʔ਺͕ଟ͍৔߹ʹ͍ڧॏཁ౓͕ࢉग़͞Ε͍ͯΔ͜ͱ͕Θ͔
ΔɽҎ্ͷॏཁ౓ͷղੳΛཁ໿͢ΔͱɼҎԼͷ͜ͱ͕͑ݴΔɽ

• ৽࡞نՈఆண༧ଌͰ͸ɼ࡞Ոࣗ਎͕ൃ׆ͳ৔߹͸࡞Ոͷ
ಛ௃ྔͰఆண͔Ͳ͏͔ओʹ൑அ͢Δɼ

• ৽࡞نՈఆண༧ଌʹ͓͍ͯɼ࡞Ոࣗ਎͕ൃ׆Ͱ͸ͳ͍৔
߹͸૬ରతʹ઀৮ͨ͠ߪೖऀͷಛ௃Λྀ͢ߟΔൺ཰͕ߴ
·Δɽಛʹɼ઀৮ͨ͠ߪೖऀͷϑΥϩʔ΍ϨϏϡʔͷճ
਺͕ଟ͍৔߹͸ॏཁ౓͕͘ߴͳΔ͕͋޲܏Δɽ

઀৮૬खͷಛ௃Λద੾ʹଊ͑Δ͜ͱʹΑΔੑೳվળʹՃ͑ɼղ
ऍՄೳੑ΋GATͷར఺Ͱ͋ΔɽGATͰֶश͞Εͨ attention

ͷ஋ΛݟΔ͜ͱʹΑͬͯɼݸʑͷϢʔβʹ͍ͭͯ༧ଌλεΫʹ
ॏཁͩͬͨ઀৮ͱ઀৮૬खΛ໌Β͔ʹ͢Δ͜ͱ͕Ͱ͖ΔɽҎԼ
Ͱ͸ྫͱͯ͠ɼ৽࡞نՈఆண༧ଌͷର৅ͱͨ͠ 2 ਓͷ࡞Ոʹ
͍֤ͭͯ઀৮ʹࢉग़͞Εͨ attentionͷ஋ΛՄࢹԽ͢Δɽ
ਤ 3͸ɼಛ௃ྔ࡞੒ؒظʹ 3ਓͷߪೖऀ͔ΒϑΥϩʔ͞Εͨ

͋Δ࡞Ոʹର͢Δ attentionͷ஋Λࣔͨ͠΋ͷͰ͋Δɽ͜ ͜Ͱ͸
Self-loopΑΓ΋ 2ਓͷߪೖऀ (buyer 239687, buyer 400135)

∗4 Self-loop ͸ɼ࡞Ո-ߪೖऀؒͷωοτϫʔΫʹ͓͚Δࣗݾϧʔϓ
Λࣔ͢ɽSelf-loopͷॏཁ౓͕͍͜ߴͱ͸ɼఆணɾ཭୤༧ଌϞσϧ͕
ͦͷ࡞Ոࣗ਎ͷಛ௃ྔΛ΋ͱʹ൑அ͢Δൺ཰͕͔ͨͬ͜ߴͱΛҙຯ
͢Δ

ਤ 2: GATͷ৽࡞نՈఆண༧ଌϞσϧʹ͓͚Δ Self-loopҎ֎
΁ͷॏཁ౓ͷճؼ໦

seller_8896 Self-loop 
 0.154

buyer_239687

フォロー 
 0.340

buyer_340699

フォロー 
 0.022

buyer_400135

フォロー 
 0.484

ਤ 3: ৽࡞نՈఆண༧ଌʹ͓͚Δ attention ஋ͷྫ 1: Self-

loopΑΓ΋ϑΥϩʔʹେ͖ͳ attention஋͕ࢉग़͞Εͨ࡞Ոɽ
઀಄ͷ “seller”͸࡞ՈΛද͠ɼ“buyer”͸ߪೖऀΛද͢ɽͳ͓ɼ
“seller”͓Αͼ “buyer”ʹ෇͞هΕͨ ID ͸ڀݚͰͷར༻ʹࡍ
ͯ͠ৼΓ௚ͨ͠΋ͷͰɼ࣮ࡍͷϢʔβͱ͸ରԠ͠ͳ͍ɽ

ͱͷ “ϑΥϩʔ”Τοδʹେ͖ͳ attention͕ࢉग़͞Ε͍ͯΔ͜
ͱ͕Θ͔Δɽ͜ͷ͜ͱ͔ΒɼGAT͸ɼ͜ͷ࡞ՈͷఆணΛ༧ଌ
͢Δʹ͋ͨͬͯ͸࡞Ոࣗ਎ͷಛ௃ྔΑΓ΋ϑΥϩʔͰ͕ͨͬܨ
2ਓͷߪೖऀͷಛ௃ྔΛॏͨ͠ࢹͱ͑ݴΔɽͳ͓ɼ͜ͷ࡞Ոʹ
෇༩͞Εͨ໨తม਺ϥϕϧ͸ “ఆண”Ͱ͋ΓɼGAT͕ఆண֬཰
0.926ͱద੾ʹ༧ଌΛͨ͑ߦͷʹର͠ɼଟ૚χϡʔϥϧωοτ
ϫʔΫ͸ 0.463ͱ௿͍֬཰Λ༧ଌͯ͠͠·͍ͬͯΔɽ͜ͷ݁Ռ
͔Βɼ͜ ͷ࡞Ո͸࡞Ոࣗ਎ͷಛ௃ͱͯ͠͸཭୤ͦ͠͏͕ͩɼϑΥ
ϩʔ͞Εͨߪೖऀͷಛ௃ྔ͔Βఆணͱ൑அͰ͖Δ࡞ՈͰ͋ͬͨ
ͱ͑ߟΒΕΔɽ·ͨɼ΋͏Ұͭண໨͢΂͖఺ͱͯ͠ɼ઀৮͠
ͨ 3ਓͷߪೖऀ͸શͯϑΥϩʔͰ͍͕ͯͬܨΔ͕ɼࢉग़͞Εͨ
attention஋ʹ͸͕ࠩ͋Δ͜ͱ͕͛ڍΒΕΔɽ͜ͷঢ়گԼͰ͸ɼ
͍ߴ attention ஋͕ࢉग़͞Εͨ buyer 239687, buyer 400135

ೖऀͰ͋Δͱ൑அͰ͖Δɽߪ༩ͨ͠دʹՈͷఆண࡞͕
Ҏ্ΑΓɼGATʹ͸࣮ӡ༻্Ͱ 2఺ͷར఺͕͋Δͱ͑ݴΔɽ

Ұͭ͸ɼ༧ଌର৅ϢʔβͷߦಈཤྺΛू໿ͯͨͬ͠࡞ಛ௃ྔͷ
ΈΛྀ͢ߟΔϞσϧͰ͸ัଊͰ͖ͳ͍ݸʑͷ઀৮૬खͷಛ௃·
Ͱྀͨ͠ߟϞσϧͰ͋ΔͨΊੑ͍ߴೳͰ༧ଌΛ͑ߦΔͱ͍͏఺
Ͱ͋Δɽ΋͏Ұͭ͸ɼਤ 3Ͱࣔͨ͠Α͏ʹݸʑͷϢʔβͱͷ઀
৮୯ҐͰ༧ଌ΁ͷد༩ΛղऍՄೳͰ͋Δͱ͍͏఺Ͱ͋ΔɽϢʔ
βͷఆணʹد༩ͨ͠ϢʔβΛચ͍ग़ͨ͠ΓɼγϛϡϨʔγϣϯ
ͷΞϓϩʔνͰ཭୤ͦ͠͏ͳϢʔβʹର͢ΔΞΠςϜ΍ଞϢʔ
βͷਪનΛ͏ߦͱ͖ʹߟࢀʹͨ͠Γ͢Δ͜ͱ΋Ͱ͖Δɽ
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5. ݁࿦ͱޙࠓͷల๬

ຊڀݚͰ͸ɼϋϯυϝΠυ࡞඼ΛചങͰ͖Δ CtoCϓϥοτ
ϑΥʔϜΛର৅ʹɼϢʔβͷྻܥ࣌తͳ޲܏ͷ෼ੳͱϢʔβఆ
ணɾ཭୤༧ଌΛͨͬߦɽ
Graph Neural Networks Λϕʔεͱͨ͠ 2 ͭͷϞσϧΛ

Ϣʔβͷఆணɾ཭୤༧ଌʹద༻͠ɼϕʔεϥΠϯख๏ͱͷൺֱ
Λͨͬߦɽ࣮݁ݧՌ͓Αͼߏஙͨ͠ϞσϧͷղऍΛ௨ͯ͠ɼ༧
ଌର৅ͱͳΔϢʔβͷಛ௃͚ͩͰ͸ͳ͘઀৮૬खͷಛ௃ʹ΋༗
ӹͳ৘ใؚ͕·ΕΔͱ͖ɼGraph Neural NetworkΛϕʔεͱ
ͨ͠ख๏͕༗ޮͰ͋Δ͜ͱ͕ࣔ͞Εͨɽ͞ΒʹɼGATΛ༻͍
Ε͹ݸʑͷఆணɾ཭୤༧ଌʹରͯ͠ॏཁͳҙຯͨͬ࣋઀৮΍઀
৮૬खΛՄࢹԽͰ͖Δ͜ͱ΋ࣔͨ͠ɽ
ʹࡍͷల๬ͱͯ͠͸ɽ༧ଌ݁Ռ͓ΑͼղऍΛར༻͠ɼ࣮ޙࠓ

཭୤Λ๷͢ࢭΔࡦࢪΛ͍ߦɼͦͷޮՌΛ͢ূݕΔ͜ͱ͕ओཁͳ
ೳΛػͰ͋Δɽղੳͷ݁ՌॏཁͰ͋ͬͨ઀৮ʹ͍ͭͯͷੑ޲ํ
ॆ࣮ͤ͞Δ͜ͱ΍ɼݸʑͷϢʔβʹରͯ͠ͷϦίϝϯσʔγϣ
ϯʹ཭୤༧ଌϞσϧΛ׆༻͢Δ͜ͱͰύʔιφϥΠζ͞Εͨ཭
୤๷ࡦࢪࢭΛ͍ߦɼ࣮ࡍͷޮՌΛධՁ͢Δ͜ͱ͕ඞཁͰ͋Δͱ
ߴΒΕΔɽͦͷͨΊʹ͸ɼϞσϧͷղऍੑΛ༻͍ͨ෼ੳΛ͑ߟ
౓Խ͠ɼఆணɾ཭୤ͱ઀৮ͷҼՌΛղ໌͢ΔΞϓϩʔν͕ඞཁ
Ͱ͋Δͱ͑ߟΒΕΔɽ
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