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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. ং

ۙͷΠϯλʔωοτͷීٴʹ͍ɼeίϚʔε औࢠి)
Ҿ)͕ΜʹߦΘΕΔΑ͏ʹͳͬͨɽͦ Εʹ͍ɼফඅऀͷফඅ
͍ͨ༺ಈଟ༷Խ͍ͯ͠ΔɽಛʹɼεϚʔτϑΥϯͦΕΛߦ
͍ɼCtoCʹٴγεςϜͷීࡁܾ (Consumer to Consumer)

ͱݺΕΔҰൠফඅऀؒͰͷऔҾܗଶ͕ࢢنΛ֦େ͠ɼେ
͖ͳؔ৺ΛूΊ͍ͯΔɽ
CtoCϓϥοτϑΥʔϜΛΛؚΉ eίϚʔεϓϥοτϑΥʔ

ϜͰɼϢʔβΛ૿Ճɾҡͯͤ࣋͞རӹΛ࠷େԽ͢ΔͨΊʹɼ
ͦ͠͏ͳϢʔβʹΞϓϩʔν͢Δ͜ͱͰΛ͙ࡦࢪ
ԉ͘͢ɼࢧΛࡦࢪΘΕ͍ͯΔɽֶज़քͰͦͷߦʹతۃੵ͕
͕ڀݚਫ਼ͱղऍੑΛͬͯϢʔβͷΛ༧ଌ͢Δ͍ߴ
ΜʹߦΘΕ͍ͯΔɽCtoCαʔϏεΛར༻͢ΔϢʔβʹର͢Δ
ఆணɾ༧ଌΛ͑ߟΔͱ͖ɼ༧ଌରͱ͢ΔϢʔβࣗͷಛ
͚ͩͰͳ͘ɽϢʔβؒͷ৮ͷӨڹΛৄྀ͢ߟʹࡉΔ͜ͱ
ਫ਼ͱղऍੑͷ྆໘ͰඇৗʹॏཁͰ͋Δͱ͑ߟΒΕΔɽಛʹɼ
༧ଌରͱͳΔϢʔβͷ 1) ৮૬खͷੑ࣭ɼ2) ৮ͷํ๏ɼ
ͦͯ͠ 3)Ͳͷ৮͕ॏཁͰ͔͋ͬͨΛϞσϦϯά͢Δ͜ͱͰɼ
Ͱ͖Δɽظਫ਼ͱղऍੑΛ͍ߴ
͜ͷΑ͏ͳഎ͔ܠΒɼຊڀݚͷతɼCtoCαʔϏεΛར

༻͢ΔϢʔβͷߦಈΛ໌Β͔ʹ͢ΔͱͱʹɼϢʔβͷ
ఆணɾ༧ଌʹ͍ͭͯɼ༧ଌରͷϢʔβͷಛ͚ͩͰͳ͘
Ϣʔβؒͷ৮͕ͨΒ͢ӨڹΈࠐΜͩఆணɾ༧ଌϑ
ϨʔϜϫʔΫΛߏங͠ɼߴਫ਼ͰղऍՄͳ༧ଌΛ͜͏ߦͱͰ
͋Δɽ݁ՌͷղऍΛ௨ͯ͠ఆணɾʹؔΘΔϢʔβͷΛ
໌Β͔ʹ͠ɼϢʔβΛ૿Ճͤ͞ΔͨΊͷࡦࢪͷ׆༻Λ
ɽ͢ࢦ
ຊڀݚͰϋϯυϝΠυ࡞ΛചങͰ͖Δ CtoC ϓϥοτ

ϑΥʔϜ minne∗1 ͷ࣮σʔλΛରͱ͢ΔɽϢʔβͷಛͱ
৮ͷӨڹΛߴྀͨ͠ߟਫ਼ͰղऍՄͳఆணɾ༧ଌΛ࣮
ΔͨΊɼۙΛूΊ͍ͯΔ͢ݱ Graph Neural Networks
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∗1 https://minne.com

༻͠ɼϕʔεϥΠϯख๏ͱൺֱ࣮ݧΛ͏ߦɽ·ͨɼϞσϧͷղ
ऍੑΛ׆༻͠ɼఆணɾΛ༧ଌ͢ΔࡍʹॏཁͰ͋ͬͨଞϢʔ
βͱͷ৮ͷछྨ৮૬खΛநग़Ͱ͖Δ͜ͱΛࣔ͠ɼϢʔβ
ͷఆணΛଅ͢ࡦࢪͷ׆༻Մੑʹ͍ͭͯ͢ߟΔɽ

2. ؔ࿈ڀݚ

2.1 Ϣʔβ༧ଌ
αʔϏεͷϢʔβΛ૿Ճ͍ͤͯͨ͘͞Ίͷઓུͱͯ͠ɼ৽

ͨʹϢʔβΛ֫ಘ͢Δ͜ͱݱଘ͢ΔϢʔβΛҡ࣋͢Δ͜ͱ
ΑΓίετ͕͘ߴͳΓ͍͢͜ͱ͕ΒΕ͍ͯΔ [Daly 02,

Gillen 05]ɽͦͷͨΊɼͦ͠͏ͳϢʔβʹΞϓϩʔνͯ͠
Λ͙ࡦࢪΛ͡ߨΔ͜ͱϏδωε্ͷ؍͔Βඇৗʹॏ
ཁͰ͋Δɽֶज़քʹ͓͍ͯɼݱଘϢʔβͷಛ͔Βߴਫ਼Ͱ
ղऍՄͳϢʔβ༧ଌϞσϧΛߏங͢Δ͕ڀݚΜʹߦΘ
Ε͖ͯͨɽຊڀݚʹؔ࿈͢Δྫͱͯ͠ɼϢʔβಉ࢜ͷ৮͕͋
ΔαʔϏεΛରͱͨ͠Ϣʔβ༧ଌʹ͍ͭͯհ͢Δɽ
KwonΒ [Kwon 19]ϏδωεαΠτʹର͢ΔϨϏϡʔϓ

ϥοτϑΥʔϜΛར༻͢ΔϢʔβΛରͱͯ͠ɼϢʔβɾҬ
ͳͲͷಛྔʹՃ͑ɼϢʔβಉ࢜ͷϑϨϯυωοτϫʔΫʹ͓
͚Δ࣍ۙͷಛͱͯ͠ΈࠐΈ༧ଌΛߦ
͏ϞσϧΛఏҊ͠ɼϞσϧͷղऍʹΑΓͱ͍ؔڧ͕ಛ
ʹ͍ͭͯͨ͠ߟɽDrachenΒ [Drachen 18]ιʔγϟϧ
ήʔϜͷϢʔβʹର͠ɼϢʔβͷϓϨΠɾߪೖཤྺͱϑϨϯυ
ωοτϫʔΫʹ͓͚Δ࣍ɼϖʔδϥϯΫɼ֤छத৺ੑͳͲ͔
ΒΛ༧ଌ͢Δख๏ΛఏҊͨ͠ɽYangΒ [Yang 18]ιʔ
γϟϧίϛϡχέʔγϣϯΞϓϦͷ SnapchatΛରʹɼݸʑ
ͷϢʔβͷߦಈಛʹՃ͑ϑϨϯυؔʹ͓͚ΔΤΰωοτ
ϫʔΫಛʹΈࠐΈɼϢʔβΫϥελϦϯάͱ༧ଌΛ
ղऍՄͳϑϨʔϜϫʔΫΛఏҊͨ͠ɽ͏ߦ
͜ΕΒϢʔβಉ࢜ͷ৮Λྀ͍ͯ͠ߟΔ͕ɼ͍ͣΕಛ

ྔΤϯδχΞϦϯάʹΑΓωοτϫʔΫ্ͷϊʔυ͕ͭ࣋τϙ
ϩδΧϧͳੑ࣭ Λநग़ͨ͠Γɼۙ(ɼϖʔδϥϯΫͳͲ࣍)
ͷͭ࣋ಛΛ୯७ฏͨ͠ۉΓ͢ΔΞϓϩʔνͰ͋Δɽͦͷͨ
ΊɼϢʔβ͕৮ͨ͠ݸʑͷ৮૬खͷੑ࣭৮ํ๏ʹ͍ͭ
Ή͜ͱɼ͓Αͼղऍ͢Δ͜ͱͰ͖ͳ͍ɽͨ͠ࠐผʹΈݸͯ
͕ͬͯɼຊڀݚͰѻ͏Α͏ͳଟछଟ༷ͳϢʔβ͕ෳࡶͳ৮Λ
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ɾղऍੑͷྗݱΔσʔλʹద༻͢Δ߹ɼϞσϧͷද͍ͯͬߦ
ํʹվળͷ༨͕͋Δͱ͑ߟΒΕΔɽ

2.2 ෳࡶωοτϫʔΫʹؔ͢Δख๏
ຊڀݚͰѻ͏σʔλͷఏऀڙͱߪೖऀͱ͍͏ҟͳΔ

ੑ࣭Λͭ࣋Ϣʔβ͕͓ΓɼͦΕΒ͕ߪങؔϑΥϩʔؔͱ
͍ͬͨෳͷෳࡶͳؔͰ݁Ε͍ͯΔωοτϫʔΫσʔλ
Ͱ͋ΔͱΈͳ͢͜ͱ͕Ͱ͖Δɽۙɼ͜ͷΑ͏ʹෳࡶͳωοτ
ϫʔΫσʔλΛϞσϦϯά͢Δख๏ͷ͕ڀݚΜʹߦΘΕͯ
͍Δɽ
ۙɼϊʔυྨϦϯΫ༧ଌͷΞϓϩʔνͱͯ͠େ͖ͳ

ΛूΊ͍ͯΔख๏͕Graph Neural Networks(GNNs)Ͱ͋
ΔɽGNNsͷྨԠ༻ྫʹ͍ͭͯෳͷαʔϕΠจ͕ݟΒ
ΕΔ [Zhou 18, Wu 19]ɽGNNs Network Embeddingͱ
ҟͳΓɼ௨ৗ͋ࢣڭΓֶशͱͯ͠ѻΘΕΔख๏Ͱ͋Δɽϊʔυ
ಛྔͷมͱྡؔʹΑΔूͱ͍͏Ұ࿈ͷྲྀΕΛࢣڭใ
Λ༻͍ͯEnd-to-EndͰֶश͢Δ͜ͱʹΑΓɼωοτϫʔΫؔ࿈
ͷछʑͷλεΫͰ͍ߴύϑΥʔϚϯεΛൃ͖ͨͯ͠ش [Kipf 16,

Hamilton 17, Ying 18]ɽSchlichtkrullΒ [Schlichtkrull 18]
Τοδͷछྨ͕ෳ͋ΔΑ͏ͳωοτϫʔΫʹରͯ͠ޮՌతͳ
Relational Graph Convolutional Networks(R-GCN)ΛఏҊ
͠ɼϊʔυྨͱϦϯΫ༧ଌͰੑ͍ߴΛൃ͢شΔ͜ͱΛࣔ͠
ͨɽVeličkovićΒ [Veličković 17]͕ఏҊͨ͠Graph Attention

Networks (GAT) ɼྡϊʔυͷूΛࡍ͏ߦͷॏΈ͚
Λಉ࣌ʹֶशΛ͜͏ߦͱͰɼΤοδͷͳ͔Ͱຊ࣭తͳͷͩ
͚Λͯͬϊʔυදݱͷߋ৽Λ͜͏ߦͱ͕Ͱ͖Δɽ·ͨɼֶश
ʹΑͬͯऔಘ͞ΕͨॏΈΛͯͬϞσϧͷղऍΛ͜͏ߦͱ͕Ͱ
͖Δɽ
ຊڀݚͰɼR-GCN[Schlichtkrull 18]Λϕʔεͱͯ͠Ϟσ

ϧͱɼGAT[Veličković 17] Λϕʔεͱͨ͠ϞσϧΛϢʔβఆ
ணɾ༧ଌʹద༻͠ɼͦͷଞͷϕʔεϥΠϯख๏ͱͷൺֱΛ
ͷੳΛϢʔβͨ͠༺׆ͱͱʹɼϞσϧͷղऍੑΛ͏ߦ
ɽ͏ߦ

3. CtoCαʔϏεσʔλ֓ཁ

ຊڀݚͰɼGMOϖύϘࣜגձࣾ ∗2ΑΓɼಉ͕ࣾ 2012
1݄͔ΒӡӦ͍ͯ͠ΔαʔϏεͰ͋Δ minneʹ͍ͭͯͷσʔ
λఏڙΛड͚ͨɽ
minne ϋϯυϝΠυ࡞Λചങ͢Δ͜ͱ͕Ͱ͖Δ CtoC

αʔϏεͰ͋ΔɽϢʔβؒͰऔҾ͞ΕΔϢʔβʹΑͬͯ
͞࡞ΕͨϋϯυϝΠυ࡞ (ҎԼɼ࡞)Ͱ͋Δɽminneͷ
Ϣʔβར༻ํ๏͔Β ೖऀ”ͷߪ“Ո”ɼ࡞“ 2छྨʹྨ͢Δ
͜ͱ͕Ͱ͖Δɽ࡞Ոͱɼ࡞Λ͠࡞ग़͢ΔϢʔβΛ͠ࢦɼ
࡞ɽ·ͨɼ͢ࢦೖ͢ΔϢʔβΛߪΛ࡞ೖऀग़͞Εͨߪ
Ոɾߪೖऀؒͷ৮ͱͯ͠ɼ࡞Ոͱߪೖऀؒͷ࡞ͷചങɼߪ
ೖऀ͕ؾʹೖͬͨ࡞Ոͷొ͢Δ “ϑΥϩʔ”ػߪೖऀ͕
Δ͢ߘΛײʹ͍ͭͯͷ࡞ೖͨ͠ߪ “ϨϏϡʔ”ػɼ
Ո͕ฦ৴͢Δ࡞ΕͨϨϏϡʔʹରͯ͠͞ߘ “ϦϓϥΠ”ػͳ
Ͳ͕͋Δɼ
ຊڀݚʹ༻͍Δσʔλ 2018 12݄ 1͔Β 2019 12

݄ 1ͷؒ (ҎԼɼରؒظ)ʹߦΘΕͨ࡞ͷചങऔҾཤྺɼ
ରؒظʹऔҾΛߦͳͬͨϢʔβͷશϑΥϩʔؔɼϨϏϡʔɾ
ϦϓϥΠཤྺɼશग़ཤྺͰ͋Δɽͳ͓ɼminne ͷσʔλΛ
ʹͷϢʔβͱඥ͔ͮͳ͍Α͏ࡍɼ࣮ʹࡍతͰར༻͢Δڀݚ
Ϣʔβ IDΛৼΓͯ͠ར༻͍ͯ͠Δɽ

∗2 https://pepabo.com

·ͨຊڀݚͰɼαʔϏεͷར༻ํ๏ ,ೖߪ) ൢച)ʹैͬͯ
ϢʔβΛ࡞Ոͱߪೖऀʹྨ͢Δɽͦ͜Ͱ·ͣɼରؒظதͷ
औҾཤྺ͔Β࡞ͷൢചΛͨͬߦϢʔβ ɼ͓Αͼ(Ո࡞=)
ϢʔβͨͬߦೖΛߪͷ࡞ ग़ͨ͠ͱ͜ΖɼࢉΛ(ೖऀߪ=)
Ո͕࡞ 141,906ਓɼߪೖऀ͕ 2,438,592ਓͰ͋ͬͨɽ͜ͷ
͜ͱ͔Βɼߪೖऀ࡞Ոͷ 17.2ഒଘ͠ࡏɼগͷ࡞Ոͱଟ
ͷߪೖऀؒͰ࡞ͷऔҾ͕ߦΘΕ͍ͯΔ͜ͱ͕Θ͔ͬͨɽ
·ͨɼؒظதͷ݄͝ͱͷऔҾͷฏۉ 410618 ճɼ݄

͝ͱͷϨϏϡʔͷฏۉ 155630ճɼϦϓϥΠͷฏۉ
 81617ճɼ݄͝ͱͷϑΥϩʔ૿Ճͷฏۉ 550053ճͰ
͋ͬͨɽ͜ΕΒ͔Βɼ࡞ՈɾߪೖऀؒͰ࡞ͷऔҾɼϨϏϡʔɾ
ϦϓϥΠɼϑΥϩʔͱ͍ͬͨ৮͕ΜʹߦΘΕ͍ͯΔ͜ͱ͕
Θ͔Δɽ

4. Ϣʔβఆண/༧ଌ

4.1 ཁ֓ݧ࣮
4.1.1 త

ຊڀݚͰɼ1)͍ߴਫ਼ͰͷఆணɾϢʔβͷ༧ଌͱɼ2)

Ϣʔβͷఆணͱؔ࿈͕͍ڧཁૉΛ໌Β͔ʹ͢Δ͜ͱͷ 2

Λతͱ͠ɼminneϢʔβͷఆணɾΛ༧ଌ͢ΔϑϨʔϜ
ϫʔΫΛݕ౼͢Δɽ

4.1.2 ઃఆݧ࣮

ຊ࣮ݧͰʮ2019 3݄ʹग़ɾൢചɾඃϨϏϡʔɾඃϑΥ
ϩʔΛߦͳͬͨ࡞ՈʯΛରͱ͢Δɽ·ͨɼΛΑΓ໌֬ʹ
Ѳ͢ΔͨΊɼ࡞ՈΛ৽࡞نՈ (ొؒظ: 2019 1݄ʙ3݄)

ͱ࡞ࢀݹՈ (ొؒظ: 2018 1݄ʙ3݄)ʹ͚ͯͦΕͧΕ
ͰֶशͱධՁΛ͏ߦɽ
ಛྔͱͯ͠ɼ֤࡞Ոͷ 2019 3݄ʹ͓͚Δൢചɼग़

ɼඃϑΥϩʔɼඃϨϏϡʔɼϦϓϥΠɼ࡞հจ
ͷฏۉɼऔҾͷฏֹۚۉɼߪೖऀҰਓͨΓͷऔҾɼҰऔ
Ҿ͋ͨΓͷ࡞ͷɼϨϏϡʔͷฏۉɼϦϓϥΠͷฏۉɼ
Ϧϐʔτߪೖऀͷ ∗3ɼͷ߹ܭ ͨ͠ɼ࡞ͷಛྔΛݸ12
తม 2ͭͷύλʔϯͰఆٛͨ͠ɽ1ͭɼରͷϢʔ

β͕ఆண͢Δ͔ͦ͏Ͱͳ͍͔Λผ͢Δ͜ͱʹओ؟Λஔ͍ͨɼ
“ఆண/ඇఆண”తมͰ͋Δɽͦͯ͠ɼ͏Ұͭɼରͷ
Ϣʔβ͕͢Δ͔ͦ͏Ͱͳ͍͔Λผ͢Δ͜ͱʹओ؟Λ͓͍
ͨɼ“/ඇ”తมͰ͋Δɽ“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๏ (ܾఆੳ
[Breiman 84]ɼϩδεςΟοΫճؼੳ (LR)[Cox 58]ɼଟ
χϡʔϥϧωοτϫʔΫ (ଟ NN))ͱͷൺֱΛ͏ߦɽ

4.3 ݁Ռ
ද 1 ʹɼ৽࡞نՈͷఆண༧ଌɼ৽࡞نՈͷ༧ଌɼࢀݹ

Ոͷ༧ଌʹ͍ͭͯͷ݁ՌΛࣔ͢ɽ࡞ࢀݹՈͷఆண༧ଌɼ࡞
৽࡞نՈʹର͢ΔྨλεΫͰɼGNNs Λϕʔεͱͨ͠Ϟσ
ϧ༗ޮͰ͋Δͱ͍͏͜ͱ͕໌Β͔ʹͳͬͨɽ

∗3 ʹதؒظ 2 ճҎ্ͷऔҾ͕͋ͬͨߪೖऀͷϢχʔΫ
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ද 1: Ոʹ͍ͭͯͷྨλεΫͷ࡞ 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-loopͷ
ॏཁͷճؼ

4.4 ߟ
4.3 અͷ݁Ռ͔Βɼಛʹ GNNs ϕʔεͷख๏Ͱͷੑվળ

͕ஶ͔ͬͨ͠৽࡞نՈఆண༧ଌʹ͍ͭͯɼGATͷϞσϧͷղ
ऍΛ௨ͯ͢͠ߟΔɽ
ਤ 1ʹɼGATʹΑֶͬͯश͞Εͨ Self-loop∗4 ͷॏཁࢉ

ग़ʹ͍ͭͯɼ࡞Ոͷಛྔ͔ΒॏཁΛઆ໌͢ΔճؼΛࣔ
͢ɽ͜ΕΑΓɼ࡞Ո͕ൃ׆ͳ߹ Self-loopͷॏཁ͕͘ߴ
ͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽਤ 2ʹɼSelf-loopҎ֎ͷΤοδʹͭ
͍ͯɼ࡞Ոɾߪೖऀͷಛྔ͓ΑͼΤοδͷλΠϓ͔Βॏཁ
Λઆ໌͢ΔճؼΛࣔ͢ɽ͜ΕΑΓɼߪೖऀͷϑΥϩʔϨ
Ϗϡʔ͕ଟ͍߹ʹ͍ڧॏཁ͕ࢉग़͞Ε͍ͯΔ͜ͱ͕Θ͔
ΔɽҎ্ͷॏཁͷղੳΛཁ͢ΔͱɼҎԼͷ͜ͱ͕͑ݴΔɽ

• ৽࡞نՈఆண༧ଌͰɼ࡞Ո͕ࣗൃ׆ͳ߹࡞Ոͷ
ಛྔͰఆண͔Ͳ͏͔ओʹஅ͢Δɼ

• ৽࡞نՈఆண༧ଌʹ͓͍ͯɼ࡞Ո͕ࣗൃ׆Ͱͳ͍
߹૬ରతʹ৮ͨ͠ߪೖऀͷಛΛྀ͢ߟΔൺ͕ߴ
·Δɽಛʹɼ৮ͨ͠ߪೖऀͷϑΥϩʔϨϏϡʔͷճ
͕ଟ͍߹ॏཁ͕͘ߴͳΔ͕͋Δɽ

৮૬खͷಛΛదʹଊ͑Δ͜ͱʹΑΔੑվળʹՃ͑ɼղ
ऍՄੑGATͷརͰ͋ΔɽGATͰֶश͞Εͨ attention

ͷΛݟΔ͜ͱʹΑͬͯɼݸʑͷϢʔβʹ͍ͭͯ༧ଌλεΫʹ
ॏཁͩͬͨ৮ͱ৮૬खΛ໌Β͔ʹ͢Δ͜ͱ͕Ͱ͖ΔɽҎԼ
Ͱྫͱͯ͠ɼ৽࡞نՈఆண༧ଌͷରͱͨ͠ 2 ਓͷ࡞Ոʹ
͍֤ͭͯ৮ʹࢉग़͞Εͨ attentionͷΛՄࢹԽ͢Δɽ
ਤ 3ɼಛྔ࡞ؒظʹ 3ਓͷߪೖऀ͔ΒϑΥϩʔ͞Εͨ

͋Δ࡞Ոʹର͢Δ attentionͷΛࣔͨ͠ͷͰ͋Δɽ͜ ͜Ͱ
Self-loopΑΓ 2ਓͷߪೖऀ (buyer 239687, buyer 400135)

∗4 Self-loop ɼ࡞Ո-ߪೖऀؒͷωοτϫʔΫʹ͓͚Δࣗݾϧʔϓ
Λࣔ͢ɽSelf-loopͷॏཁ͕͍͜ߴͱɼఆணɾ༧ଌϞσϧ͕
ͦͷ࡞ՈࣗͷಛྔΛͱʹஅ͢Δൺ͕͔ͨͬ͜ߴͱΛҙຯ
͢Δ

ਤ 2: GATͷ৽࡞نՈఆண༧ଌϞσϧʹ͓͚Δ Self-loopҎ֎
ͷॏཁͷճؼ

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-

loopΑΓϑΥϩʔʹେ͖ͳ attention͕ࢉग़͞Εͨ࡞Ոɽ
಄ͷ “seller”࡞ՈΛද͠ɼ“buyer”ߪೖऀΛද͢ɽͳ͓ɼ
“seller”͓Αͼ “buyer”ʹ͞هΕͨ ID ڀݚͰͷར༻ʹࡍ
ͯ͠ৼΓͨ͠ͷͰɼ࣮ࡍͷϢʔβͱରԠ͠ͳ͍ɽ

ͱͷ “ϑΥϩʔ”Τοδʹେ͖ͳ attention͕ࢉग़͞Ε͍ͯΔ͜
ͱ͕Θ͔Δɽ͜ͷ͜ͱ͔ΒɼGATɼ͜ͷ࡞ՈͷఆணΛ༧ଌ
͢Δʹ͋ͨͬͯ࡞ՈࣗͷಛྔΑΓϑΥϩʔͰ͕ͨͬܨ
2ਓͷߪೖऀͷಛྔΛॏͨ͠ࢹͱ͑ݴΔɽͳ͓ɼ͜ͷ࡞Ոʹ
༩͞Εͨతมϥϕϧ “ఆண”Ͱ͋ΓɼGAT͕ఆண֬
0.926ͱదʹ༧ଌΛͨ͑ߦͷʹର͠ɼଟχϡʔϥϧωοτ
ϫʔΫ 0.463ͱ͍֬Λ༧ଌͯ͠͠·͍ͬͯΔɽ͜ͷ݁Ռ
͔Βɼ͜ ͷ࡞Ո࡞Ոࣗͷಛͱͯͦ͠͠͏͕ͩɼϑΥ
ϩʔ͞Εͨߪೖऀͷಛྔ͔ΒఆணͱஅͰ͖Δ࡞ՈͰ͋ͬͨ
ͱ͑ߟΒΕΔɽ·ͨɼ͏Ұͭண͖͢ͱͯ͠ɼ৮͠
ͨ 3ਓͷߪೖऀશͯϑΥϩʔͰ͍͕ͯͬܨΔ͕ɼࢉग़͞Εͨ
attentionʹ͕ࠩ͋Δ͜ͱ͕͛ڍΒΕΔɽ͜ͷঢ়گԼͰɼ
͍ߴ attention ͕ࢉग़͞Εͨ buyer 239687, buyer 400135

ೖऀͰ͋ΔͱஅͰ͖Δɽߪ༩ͨ͠دʹՈͷఆண࡞͕
Ҏ্ΑΓɼGATʹ࣮ӡ༻্Ͱ 2ͷར͕͋Δͱ͑ݴΔɽ

Ұͭɼ༧ଌରϢʔβͷߦಈཤྺΛूͯͨͬ͠࡞ಛྔͷ
ΈΛྀ͢ߟΔϞσϧͰัଊͰ͖ͳ͍ݸʑͷ৮૬खͷಛ·
Ͱྀͨ͠ߟϞσϧͰ͋ΔͨΊੑ͍ߴͰ༧ଌΛ͑ߦΔͱ͍͏
Ͱ͋Δɽ͏Ұͭɼਤ 3Ͱࣔͨ͠Α͏ʹݸʑͷϢʔβͱͷ
৮୯ҐͰ༧ଌͷد༩ΛղऍՄͰ͋Δͱ͍͏Ͱ͋ΔɽϢʔ
βͷఆணʹد༩ͨ͠ϢʔβΛચ͍ग़ͨ͠ΓɼγϛϡϨʔγϣϯ
ͷΞϓϩʔνͰͦ͠͏ͳϢʔβʹର͢ΔΞΠςϜଞϢʔ
βͷਪનΛ͏ߦͱ͖ʹߟࢀʹͨ͠Γ͢Δ͜ͱͰ͖Δɽ
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5. ݁ͱޙࠓͷల

ຊڀݚͰɼϋϯυϝΠυ࡞ΛചങͰ͖Δ CtoCϓϥοτ
ϑΥʔϜΛରʹɼϢʔβͷྻܥ࣌తͳͷੳͱϢʔβఆ
ணɾ༧ଌΛͨͬߦɽ
Graph Neural Networks Λϕʔεͱͨ͠ 2 ͭͷϞσϧΛ

Ϣʔβͷఆணɾ༧ଌʹద༻͠ɼϕʔεϥΠϯख๏ͱͷൺֱ
Λͨͬߦɽ࣮݁ݧՌ͓Αͼߏஙͨ͠ϞσϧͷղऍΛ௨ͯ͠ɼ༧
ଌରͱͳΔϢʔβͷಛ͚ͩͰͳ͘৮૬खͷಛʹ༗
ӹͳใؚ͕·ΕΔͱ͖ɼGraph Neural NetworkΛϕʔεͱ
ͨ͠ख๏͕༗ޮͰ͋Δ͜ͱ͕ࣔ͞Εͨɽ͞ΒʹɼGATΛ༻͍
Εݸʑͷఆணɾ༧ଌʹରͯ͠ॏཁͳҙຯͨͬ࣋৮
৮૬खΛՄࢹԽͰ͖Δ͜ͱࣔͨ͠ɽ
ʹࡍͷలͱͯ͠ɽ༧ଌ݁Ռ͓ΑͼղऍΛར༻͠ɼ࣮ޙࠓ

Λ͢ࢭΔࡦࢪΛ͍ߦɼͦͷޮՌΛ͢ূݕΔ͜ͱ͕ओཁͳ
ΛػͰ͋Δɽղੳͷ݁ՌॏཁͰ͋ͬͨ৮ʹ͍ͭͯͷੑํ
ॆ࣮ͤ͞Δ͜ͱɼݸʑͷϢʔβʹରͯ͠ͷϦίϝϯσʔγϣ
ϯʹ༧ଌϞσϧΛ׆༻͢Δ͜ͱͰύʔιφϥΠζ͞Εͨ
ࡦࢪࢭΛ͍ߦɼ࣮ࡍͷޮՌΛධՁ͢Δ͜ͱ͕ඞཁͰ͋Δͱ
ߴΒΕΔɽͦͷͨΊʹɼϞσϧͷղऍੑΛ༻͍ͨੳΛ͑ߟ
Խ͠ɼఆணɾͱ৮ͷҼՌΛղ໌͢ΔΞϓϩʔν͕ඞཁ
Ͱ͋Δͱ͑ߟΒΕΔɽ
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