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τʔΫϯͷN -gramʹΑΔϓϩάϥϜදݱΛ༻͍ͨ
ίʔυΫϩʔϯݕग़ख๏

Ҫ޲ ୡ࿠1,a) খྛ ༃໌2 ౻ࢵ ༎հ2 ຊࢁ ষത2 ຊٶ ಞ3ࢤ দଜ ஧3޾ ྮ 3ཽ࣏

֓ཁɿಉҰ·ͨ͸ྨͨ͠ࣅίʔυยͷର͸ίʔυΫϩʔϯͱݺ͹Εɼιϑτ΢ΣΞͷϝϯςφϯεΛࠔ೉ʹ
ͤ͞ΔཁҼͷͻͱͭͱͯ͑͠ߟΒΕ͍ͯΔɽ͜ͷΑ͏ͳഎܠͷݩͰɼ਺ଟ͘ͷίʔυΫϩʔϯݕग़ख๏͕ఏ

Ҋ͞Ε͖ͯͨɽιϑτ΢ΣΞͷେن໛Խ΍ GitHubͳͲͷιʔείʔυϦϙδτϦͷൃୡʹ൐͍ɼίʔυ

Ϋϩʔϯͷݕग़ର৅΋֦େ͓ͯ͠Γɼߴਫ਼౓ͰεέʔϥϒϧͳΫϩʔϯݕग़ख๏ͷॏཁੑ͕૿͖͍ͯͯ͠

ΔɽຊߘͰ͸ɼେن໛ιϑτ΢ΣΞ܈Λର৅ͱͨ͠ίʔυΫϩʔϯݕग़ख๏Ͱ͋Δ SourcererCC(Sajnani

et al., ICSE ɼιʔείʔυ͔ΒಘΒΕΔτʔΫϯྻͷ͍ͯͮجʹ(2016 N -gramΛ༻͍ͨίʔυΫϩʔ

ϯݕग़ख๏ΛఏҊ͢Δɽ͜ͷख๏͸ SourcererCCͷҰൠԽͱͯ͠Ґஔ෇͚ΒΕɼSourcererCCͷߴ଎Խํ

๏͕ಉ༷ʹར༻Ͱ͖ΔͨΊɼେن໛ͳιϑτ΢ΣΞ܈ʹ΋ద༻ੑ͕͋Δɽݧ࣮ػࢉܭͷ݁ՌɼN -gramͷ

N Λ૿΍͢͜ͱͰɼίʔυͷߏจϨϕϧͰͷྨࣅ౓͕͋·Γ͘ߴͳ͍ίʔυରʹ͓͍ͯɼSourcererCCʹ

ൺ΂͍ͯߴίʔυΫϩʔϯͷݕग़ਫ਼౓Λ࣮ݱͰ͖Δ͜ͱΛ֬ೝͨ͠ɽ͞Βʹɼࣝผࢠ΍Ϧςϥϧͷਖ਼ଇԽ

ʹΑͬͯɼͲͷఔ౓ݕग़ਫ਼౓ʹӨ͕ڹग़Δͷ͔Λͨ͠ূݕɽ

ΩʔϫʔυɿίʔυΫϩʔϯɼN -gramɼେن໛ιʔείʔυ

1. ͸͡Ίʹ

ίʔυΫϩʔϯͱ͸ɼιʔείʔυதͷ͍ޓʹҰக͋Δ

͍͸ྨͨ͠ࣅίʔυยͷରͷ͜ͱͰ͋Γɼओʹίʔυยͷ

ίϐʔ&ϖʔετʹΑͬͯੜ͡Δɽ͜ͷࡍɼ୯७ͳίϐʔ

&ϖʔετ͚ͩͰͳ͘ɼϖʔετઌͷίʔσΟϯάελΠ

ϧ΍ඞཁͱ͍ͯ͠ΔػೳʹԠͯ͡ɼϖʔετͨ͠ίʔυย

͕ฤू͞ΕΔ͜ͱ͕͋ΔɽίʔυΫϩʔϯ͸όάͷ఻ൖ΍

ιϑτ΢ΣΞͷෆඞཁͳංେԽͳͲΛҾ͖͢͜ىՄೳੑ͕

͋ΔͨΊɼιϑτ΢ΣΞͷอकΛࠔ೉ʹ͢ΔཁҼͷͻͱͭ

ͱͯ͑͠ߟΒΕ͍ͯΔɽ͜ͷΑ͏ͳίʔυΫϩʔϯʹΑΔ

ฐ֐΁ͷରࡦͱͯ͠ɼίʔυΫϩʔϯΛࣗಈͰݕग़͢Δํ

๏͕͞ڀݚΕ͓ͯΓɼ͜Ε·Ͱʹ΋༷ʑͳίʔυΫϩʔϯ

ͷࣗಈݕग़Λ͏ߦπʔϧ͕։ൃ͞Ε͖ͯͨ [19], [22]ɽ͜

ΕΒͷπʔϧ͸ɼίʔυͷႮ઄΍ஶݖ࡞৵֐ͳͲͷݕग़ͱ

͍༷ͬͨʑͳ༻్ʹ΋ར༻͢Δ͜ͱ͕Ͱ͖Δɽ

·ͨ GitHub΍ BitbucketͷΑ͏ͳιʔείʔυϦϙδ

τϦͷൃୡ΍ιϑτ΢ΣΞͷେن໛Խʹ൐͍ɼίʔυΫϩʔ

ϯݕग़πʔϧ͸େن໛ͳϓϩάϥϜ܈ʹରͯ͠΋࣮ݱతͳ

1 ౎େֶେֶӃ૯߹ੜଘֶؗژ
2 Պڀݚ౎େֶେֶӃ৘ใֶژ
3 ʢגʣ೔ཱ੡࡞ॴڀݚૅجηϯλ
a) tamukai@iip.ist.i.kyoto-u.ac.jp

ʹΊΒΕΔΑ͏ٻग़͢Δ͜ͱΛݕͰίʔυΫϩʔϯΛؒ࣌

ͳ͍ͬͯΔɽ͜ͷΑ͏ͳχʔζʹରͯ͠ɼେن໛ͳιϑτ

΢ΣΞ܈Λର৅ͱͨ͠ίʔυΫϩʔϯͷݕग़πʔϧ͕։ൃ

͞Ε͍ͯΔ [7], [13], [15]ɽͦΕΒͷதͰ΋ɼεέʔϥϒϧ

͔ͭΫϩʔϯݕग़ਫ਼౓ͷ͍ߴπʔϧͱͯ͠ɼSajinaniΒʹ

ΑͬͯఏҊ͞Εͨ SourcererCC [21]͕͋ΔɽSourcererCC

͸ɼίʔυΛτʔΫϯͷଟॏू߹ͱݟͳͯ͠ɼͦΕΒΛଟ

ॏू߹ؒͷڑ཭ج४Λ༻͍ͯൺֱ͢Δ͜ͱͰΫϩʔϯݕ

ग़Λ͏ߦπʔϧͰ͋Δɽ͜ͷπʔϧ͸ैདྷͷπʔϧʹൺ

΂ͯɼߴ଎ʹίʔυΫϩʔϯΛݕग़Ͱ͖ΔҰํͰɼλΠϓ

3Ϋϩʔϯʢৄࡉ͸࣍અʣͱݺ͹ΕΔίʔυΫϩʔϯͷݕ

ग़ਫ਼౓ʹ͸վળͷ༨஍Λ͍ͯ͠࢒Δɽͦ͜ͰຊڀݚͰ͸ɼ

SourcererCCͷτʔΫϯͷଟॏू߹ͷൺֱͱ͍͏खஈΛ౿

ऻ͢Δ͜ͱͰߴ଎ͳݕग़ΛՄೳʹͭͭ͠ɼλΠϓ 3Ϋϩʔ

ϯ΁ͷݕग़ਫ਼౓ΛߴΊΔͨΊʹɼιʔείʔυͷτʔΫϯ

ͷଟॏू߹ͷΈΛ༻͍Δ͚ͩͰ͸ଊ͑Δ͜ͱͷͰ͖ͳ͍ಛ

௃ྔΛྀͨ͠ߟख๏Λ৽ͨʹఏҊ͢Δɽ

͜͜Ͱɼࣗવޠݴॲཧʹ͓͚ΔޠݴϞσϧʹண໨͢Δɽ

ࣗવޠݴॲཧʹ͓͍ͯ͸ɼN -gramޠݴϞσϧ΍ N -gram

౷ܭ͸͔͘ݹΒ༷ʑͳ৔໘Ͱར༻͞Ε͍ͯΔ [4], [5]ɽ͜Ε

Β͕͏·͘ಇ͘ཁҼͷͻͱͭ͸ɼ୯७ʹͦΕͧΕͷ୯ޠͷ

ΈΛ༻͍Δͱ͖ʹൺ΂ɼN Λେ͖͘͢Δ͜ͱͰͦΕͧΕͷ

୯ޠͱͦͷจ຺Λྀ͢ߟΔ͜ͱ͕Ͱ͖ΔͨΊͰ͋Δɽϓϩ
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άϥϜޠݴʹରͯ͠΋ಉ༷ͷ͕͋࡯ߟΓɼHindleΒ [10]͸

ʮཧ࿦తʹ͸ιʔείʔυ͸ඇৗʹෳࡶͳهड़๏Λ͕͢ڐɼ

Λଟؚ͘ΉͨΊɼݱද༺׳ͷιʔείʔυ͸୯७͔ͭࡍ࣮

౷ܭతޠݴϞσϧʹΑͬͯ౷ܭతੑ࣭͕༧ଌՄೳʯͱ͍͏

ԾઆΛఏএ͠ɼN -gramޠݴϞσϧΛ༻͍ͯɼͦͷԾઆͷ

ଥ౰ੑΛ࣮ݧతʹࣔͨ͠ɽ

ຊڀݚͰఏҊ͢Δख๏͸ɼίʔυยΛτʔΫϯͷN -gram

Λ༻͍ͯଟॏू߹ʹม͠׵ɼଟॏू߹ؒͷڑ཭ج४Λ༻͍

ͯɼͦΕΒΛൺֱ͢Δ͜ͱͰίʔυΫϩʔϯΛநग़͢Δ

ख๏Ͱ͋Δɽ͜͜ͰɼιʔείʔυΛτʔΫϯͷ 1-gram

Λ༻͍ͯଟॏू߹Խͨ͠৔߹ɼఏҊ͢Δख๏͸طଘख๏

ͷ SourcererCC ʹҰக͢ΔɽఏҊख๏Ͱ͸ɼࣗવޠݴॲ

ཧʹ͓͍ͯ N -gram Λ༻͍ͨ৔߹ͱಉ͡Α͏ʹɼ֤τʔ

Ϋϯʹͦͷίʔυதͷจ຺ͷ৘ใΛ෇༩͢Δ͜ͱ͕ҙਤ

͞Ε͍ͯΔɽτʔΫϯͷΈΛ༻͍ͨ৔߹ΑΓ΋ΑΓෳࡶ

ͳಛ௃ྔΛΫϩʔϯݕग़ʹऔΓೖΕΒΕΔ͜ͱ͕ظ଴͞

ΕΔɽݧ࣮ػࢉܭͷ݁ՌɼίʔυͷߏจϨϕϧͰͷྨࣅ

౓͕௿͍ίʔυΫϩʔϯݕग़ʹ͓͍ͯ͸ɼN Λ૿΍͢͜

ͱͰݕग़ਫ਼౓্͕ঢ͢Δ͜ͱ͕֬ೝͰ͖ͨɽ·ͨɼࣝผ

΍Ϧςϥϧͷਖ਼ଇԽͷޮՌΛ֬ೝ͢ΔͨΊɼ͍͔ͭ͘ࢠ

ͷΫϩʔϯݕग़πʔϧͰ༻͍ΒΕ͍ͯΔτʔΫϯͷਖ਼ଇ

Խ [8], [12] ΛఏҊख๏ʹ૊ΈࠐΜ࣮ͩݧ΋ͨͬߦɽ͞Β

ʹɼఏҊ͢ΔτʔΫϯͷN -gram͕ίʔυͷߏ଄্ͷಛ௃

Λ൓өͰ͖͍ͯΔ͔Λ֬ೝ͢ΔͨΊɼ໦ߏ଄ؒͷඇྨࣅ౓

ΛଌΔࢦඪͰ͋Δ pq-gramڑ཭ [1]Λ༻͍ͯɼίʔυ͔Β

ಘΒΕΔAST(Abstract Syntax Tree)ؒͷڑ཭ͱτʔΫϯ

ͷN -gram Λ༻͍ͨڑ཭ͷؔ܎ͱΛௐ΂ͨɽͦͷ݁Ռɼͦ

ΕΒ͸͍ߴ૬ؔΛࣔ͢͜ͱ͕࣮ݧతʹ֬ೝ͞Εͨɽ͜ΕΑ

ΓɼఏҊख๏͸୯ʹτʔΫϯಉ࢜ͷൺֱͰ͸͋Δ͕ɼAST

্Ͱͷڑ཭Λ͋Δఔ౓ྀߟͰ͖͍ͯΔՄೳੑ͕͋Δ͜ͱ͕

Θ͔ͬͨɽ

ຊߘͷߏ੒͸࣍ͷ௨ΓͰ͋Δɽ2અͰ͸ڀݚͷഎܠͰ͋

ΔίʔυΫϩʔϯ΍ͦͷଞͷ༻ޠͷఆٛΛ͏ߦɽ3અͰ͸

ຊڀݚͷݩͱͳΔઌڀݚߦʹ͍ͭͯઆ໌͢Δɽ4અͰ͸ఏ

Ҋख๏ʹ͍ͭͯઆ໌͢Δɽ5અͰ͸ఏҊख๏ͷΫϩʔϯݕ

ग़ਫ਼౓ʹ͍ͭͯݧ࣮ػࢉܭʹΑΔূݕʹ͍ͭͯࣔ͠ɼޙ࠷

ʹຊڀݚͷ݁࿦ͱޙࠓͷ՝୊ʹ͍ͭͯड़΂Δɽ

2. ४උ

ຊઅͰ͸ɼҎ߱Ͱ༻͍Δ༻ޠͷઆ໌Λ͏ߦɽΫϩʔϯݕ

ग़ͷର৅͸֤Ϋϩʔϯݕग़ͷπʔϧʹΑ༷ͬͯʑ͕ͩɼ͜

͜Ͱ͸ͻͱͭͷݕग़ର৅Λίʔυย (code flagment)ͱݺ

Ϳɽຊڀݚͷ࣮ݧʹ͓͍ͯ͸ɼͻͱͭͷίʔυย͸ͻͱͭ

ͷؔ਺/ϝιουʹରԠ͍ͯ͠Δ͕ɼͦΕΒΛҟͳΔཻ౓

ʹม͢ߋΔ͜ͱ͸༰қͰ͋Δɽ

2.1 ίʔυΫϩʔϯͷ෼ྨ

ίʔυยͷίϐʔ&ϖʔετ͕ߦΘΕ͍ͯͨͱͯ͠΋ɼ

Βͳ͍ɽྫ͑͹ɼίݶશʹಉҰͰ͋Δͱ͸׬ͷίʔυͱݩ

ϐʔઌͷίʔσΟϯάελΠϧʹ߹Θͤͯɼۭന΍վ͕ߦ

ૠೖ·ͨ͸࡟আ͞ΕͨΓɼࣝผ໊ࢠ΍Ϧςϥϧ͕ม͞ߋΕ

ͨΓ͢Δ͜ͱ͸සൟʹ͜ىΓಘΔɽ·ͨɼ͍͔ͭ͘ͷػೳ

Λ௥Ճɾ࡟আ͢ΔͨΊʹίʔυยͷҰ෦Λվม͢Δ͜ͱ΋

ΊΔ͜ͱ͸ܾʹີݫΒΕΔɽίʔυΫϩʔϯͷఆٛΛ͑ߟ

Ͱ͸ɼίʔυΫϩʔϯͷ෼ྨͱͯ͠ඪ४ڀݚ೉͕ͩɼຊࠔ

తʹ༻͍ΒΕΔҎԼͷ 4ͭͷ෼ྨ [19]Λ༻͍Δɽ

λΠϓ 1ͷίʔυΫϩʔϯ

ίϝϯτٴͼۭന΍վߦͳͲͷίʔσΟϯάελΠϧ

Λআ͍ͯɼ಺༰͕׬શʹҰக͢Δίʔυยɽ

λΠϓ 2ͷίʔυΫϩʔϯ

λΠϓ 1ʹՃ͑ͯɼࣝผ໊ࢠɼϦςϥϧɼ໊ܕͷมԽ

Λྀͯ͠ߟҰக͢ΔΑ͏ͳίʔυยɽ

λΠϓ 3ͷίʔυΫϩʔϯ

λΠϓ 2ʹՃ͑ͯɼ͍͔ͭ͘ͷจͷ௥Ճ΍࡟আΛͬߦ

ͯಘΒΕΔίʔυยɽ

λΠϓ 4ͷίʔυΫϩʔϯ

ಉ͡ॲཧΛ͕͏ߦɼจ๏ϨϕϧͰҟͳΔίʔυยɽ

2.2 ίʔυΫϩʔϯݕग़ΞϧΰϦζϜͷ෼ྨ

ίʔυΫϩʔϯݕग़ΞϧΰϦζϜʹ͸༷ʑͳΞϓϩʔν

͕஌ΒΕ͍ͯΔ͕ɼͦΕΒ͸จྻࣈϕʔε [2], [20]ɼτʔΫ

ϯϕʔε [12], [17], ໦ϕʔε [3], [11]ɼҙຯϕʔε [16]ͳͲ

ͷΑ͏ʹ෼ྨ͢Δ͜ͱ͕Ͱ͖ΔɽจྻࣈϕʔεͷΞϓϩʔ

ν͸ϓϩάϥϜΛςΩετͱͯ͠ѻ͏ͷʹର͠ɼτʔΫϯ

ϕʔεͷΞϓϩʔν͸۟ࣈղੳʹΑͬͯಘΒΕͨ৘ใΛར

༻͠ɼ໦ϕʔεͷΞϓϩʔν͸ߏจղੳΛ༻͍ͯಘΒΕΔ

ந৅ߏจ໦ (Abstract Syntax Tree, AST)Λར༻͢Δɽͦ

ͯ͠ҙຯϕʔεͷΞϓϩʔν͸ϓϩάϥϜґଘάϥϑͳͲ

ͷߴ౓ͳॲཧΛ༻͍Δɽจྻࣈϕʔε΍τʔΫϯϕʔεͷ

ख๏͸ଞͷख๏ʹൺ΂ͯɼϓϩάϥϜͷߏͭ࣋଄Λཅʹ͸

ར༻͍ͯ͠ͳ͍ͨΊɼΑΓߴ౓ͳ෼ੳ͕Ͱ͖ͳ͍൓໘ɼෳ

ɼߴͳॲཧ͕ෆཁͳͨΊࡶ ଎ʹಈ͢࡞Δͱ͍͏ར఺͕͋Δɽ

3. ઌڀݚߦ

SajnaniΒ [21]ʹΑͬͯେن໛ͳιϑτ΢ΣΞ܈ʹద༻

ՄೳͳίʔυΫϩʔϯݕग़ख๏Ͱ͋Δ SourcererCC͕ఏ

Ҋ͞Ε͍ͯΔɽ͜ͷख๏͸λΠϓ 3ͷΫϩʔϯͷதͰ΋ߏ

จϨϕϧͰࣅྨ͍ߴ౓Λͭ࣋Α͏ͳΫϩʔϯʹ͍ͭͯ͸

ͷιʔείʔߦग़ՄೳͰ͋Δɽ͞ΒʹɼҰԯݕਫ਼౓Ͱ͍ߴ

υʹ͓͍ͯ΋໿ 1.5೔ఔ౓ͰͷΫϩʔϯݕग़Λୡ੒͓ͯ͠

Γɼ࠷ࡏݱ΋ߴ଎ͳΫϩʔϯݕग़πʔϧͷͻͱͭͰ͋Δɽ

SourcererCC͸ɼίʔυยΛτʔΫϯͷଟॏू߹ʹม͠׵ɼ

ू߹ಉ࢜Λൺֱ͢Δ͜ͱͰίʔυΫϩʔϯΛݕग़͢Δख๏

Ͱ͋Δɽ

͜͜Ͱ;ͨͭͷίʔυยΛτʔΫϯԽͯ͠ಘΒΕΔτʔ

Ϋϯͷଟॏू߹ΛͦΕͧΕ B1 ͱ B2 ͱ͢ΔɽB1 ͱ B2 ͷ
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ΒΕΔ͕ɼ͜͜Ͱ͸͑ߟΔํ๏͸͍͔ͭ͘͢ࢉܭ౓Λࣅྨ

Jaccard܎਺*1Λ༻͍Δɽ

ఆٛ 1. ଟॏू߹ X ͱ Y ͷ Jaccard܎਺Λ

J(X,Y ) =
|X ∩ Y |
|X ∪ Y |

ͱఆٛ͢Δɽͨͩ͠ɼ∩ͱ ∪͸ͦΕͧΕଟॏू߹ʹ͓͚
Δڞ௨ू߹ͱ࿨ू߹ͷԋࢉΛද͢ɽ·ͨɼJaccardڑ཭Λ

1− J(X,Y )ͱఆٛ͢Δɽ

SourcererCC Ͱ͸ɼ͋Δᮢ஋ θ(0 ≤ θ ≤ 1) Λ༻͍ͯɼ

J(B1, B2) ≥ θͳΒ͹ B1ͱ B2ΛΫϩʔϯͱ൑ఆ͢Δɽ͜

ͷख๏͸ίʔυยͷτʔΫϯԽͷΈΛඞཁͱ͢ΔͨΊʹγ

ϯϓϧͰɼ࣍અͰड़΂Δߴ଎ԽΛ༻͍Δ͜ͱͰڊେͳίʔ

υ܈ʹର͢ΔΫϩʔϯݕग़ʹ੒ޭ͍ͯ͠Δɽ஫໨͢΂͖

͸ɼΫϩʔϯݕग़ʹ͓͍ͯτʔΫϯͷଟॏू߹ͷΈΛඞཁ

ͱ͢ΔͨΊɼଟ͘ͷϓϩάϥϛϯάޠݴʹద༻ՄೳͰɼߏ

จղੳͷΑ͏ͳલॲཧΛ΋ෆཁͱ͢Δ఺Ͱ͋Δɽ

3.1 SourcererCCʹ͓͚Δߴ଎Խ

SourcererCCͷߴ଎Խʹ͸ɼෳ਺ͷू߹ؒʹ͓͚Δྨࣅ

౓ࢉܭ (set similarity join) Ͱ༻͍ΒΕ͍ͯΔώϡʔϦε

ςΟοΫε [6], ͷίʔυย͕༩ݸΘΕ͍ͯΔɽn࢖͕[26]

͑ΒΕͨͱ͖ɼશͯͷίʔυยͷؒͷྨࣅ౓Λ͢ࢉܭΔͨ

Ίʹ͸ɼΘ(n2)ରʹؔͯ͠ྨࣅ౓Λ͢ࢉܭΔඞཁ͕͋Δɽ

͔͠͠ͳ͕ΒɼΫϩʔϯݕग़ʹ͓͍ͯ͸ᮢ஋͕ θΛ௒͑Δ

͔ͷΈΛ൑ผ͢Ε͹ྑ͍ͨΊɼҎԼʹઆ໌͢ΔΑ͏ͳϑΟ

ϧλʔܕͷώϡʔϦεςΟΫεΛద༻ͯ͠ɼྨࣅ౓ࢉܭΛ

Δɽ͢ݮ࡟ରͷ਺Λ͏ߦ

Jaccard ਺Λ༻͍Δ৔߹ɼΫϩʔϯͱ൑ఆ͢ΔͨΊ܎

ͷඞཁे෼৚݅͸ίʔυยͷଟॏू߹ B1, B2 ʹ͓͍ͯ

J(B1, B2) ≥ θΛຬͨ͢ͱ͖Ͱ͋ΔɽΑͬͯɼ|B1 ∩B2| ≥
θ · |B1 ∪ B2|Λຬͨ͢ɽ؆୯ͷͨΊʹɼt = |B1| = |B2|ͱ
͢Δͱɼt ≤ |B1 ∪ B2|ΑΓɼΫϩʔϯͱͯ͠൑ఆ͞ΕΔ
ͨΊͷࣗ໌ͳඞཁ৚݅͸ɼ|B1 ∩ B2| ≥ θ · tͱͳΔɽ͜Ε
͸ B1(·ͨ͸ B2)ʹ͓͍ͯগͳ͘ͱ΋ θͷׂ߹Ҏ্ B2(·

ͨ͸ B1)ͱڞ௨෦෼Λͨ࣋ͳ͚Ε͹ͳΒͳ͍͜ͱΛҙຯ

͢Δɽͭ·ΓɼB1 ͷ೚ҙͷ s = ⌈(1 − θ)t⌉ΑΓ΋େ͖͍
೚ҙͷ෦෼ू߹͸ B2 ͱڞ௨෦෼Λͭ࣋ɽͦͷͨΊɼେ͖

͞ s+ 1ͷ෦෼ू߹Λ༻͍ͯΠϯσοΫεΛ࡞੒͠ɼͦͷ

ΠϯσοΫε͕ڞ௨෦෼Λͭ࣋৔߹ʹͷΈྨࣅ౓Λ͢ࢉܭ

Δɽ͞Βʹɼ͜ ͷΠϯσοΫεΛޮՌతʹಇ͔ͤΔͨΊʹɼ

σʔληοτʹݱΕΔશͯͷτʔΫϯΛͦͷग़ݱස౓ॱͰ

ঢॱιʔτ͠ɼ֤τʔΫϯͷଟॏू߹͸ɼͰ͖Δ͚ͩग़ݱ

ස౓͕খ͍͞τʔΫϯͷΈΛͯͬ࢖ΠϯσοΫεΛ࡞੒͢

ΔΑ͏ʹ͢Δɽ͜Ε͸ɼιʔείʔυதʹ͸ߴස౓ͰݱΕ

*1 [21]Ͱ͸ɼJaccard܎਺ͱ͸Θ͔ͣʹҟͳΔྨࣅ౓Λ༻͍͍ͯΔ
͕ɼຊ࣭తͳҧ͍͸ͳ͘ɼߴ଎Խͷख๏ͳͲ΋ಉ͘͡ద༻ՄೳͰ
͋Δɽ

Δࣝผࢠ (ྫ͑͹ɼi, name, resultͳͲ)΍ϓϩάϥϛϯ

άޠݴͷΩʔϫʔυ (if, forͳͲ)͸ɼΠϯσοΫε಺Ͱ

௨͠΍͍ͨ͢ΊɼͦΕΒ͕ΠϯσοΫεʹؚ·ΕΔ͜ͱڞ

Λආ͚ΔͨΊͷ޻෉Ͱ͋Δɽ·ͨɼ;ͨͭͷΠϯσοΫε

Ͱڞ௨͢ΔτʔΫϯ਺ cͱΠϯσοΫεʹؚ·Εͳ͔ͬͨ

τʔΫϯ਺ t − s − 1ΛΠϯσοΫεҎ֎Ͱڞ௨͢Δτʔ

Ϋϯ਺ͷ্քͱͯ͠༻͍ͯɼΫϩʔϯݕग़ͷͨΊͷ୯७ͳ

ඞཁ৚݅ (c+ t− s− 1)/t ≥ θΛຬͨ͞ͳ͚Ε͹ͦΕΒΛ

ൺֱ͠ͳ͍Α͏ʹ͢Δ͜ͱͰɼ͞ΒͳΔߴ଎Խ΋͍ͯͬߦ

ΔɽSajnaniΒ͸ɼ͜ΕΒͷώϡʔϦεςΟΫεΛద༻͢

Δ͜ͱͰɼൺֱ͢Δίʔυยͷର͕ίʔυยͷ਺ʹରͯ͠

ઢܗʹͳΔ͜ͱΛ࣮ݧతʹࣔͨ͠ɽ

4. ఏҊख๏

SourcererCC͸ɼίʔυยΛτʔΫϯͷଟॏू߹ͱݟͳ

͠ɼͦΕΒΛൺֱ͢Δ͜ͱͰΫϩʔϯͷݕग़Λ͏ߦɽલઅ

Ͱड़΂ͨΑ͏ʹଟॏू߹ͷൺֱͱ͢Δ͜ͱͰɼू߹ؒͷྨ

଎ʹಈߴʹ଎Խख๏͕ར༻Ͱ͖ΔͨΊɼඇৗߴͷࢉܭ౓ࣅ

Δɽ͔͠͠ͳ͕ΒɼSourcererCCͰ͸τʔΫϯͷฒͼ͢࡞

͔ΒಘΒΕΔ৘ใ͸ྀ͞ߟΕ͍ͯͳ͍ɽͦͷͨΊɼλΠϓ

3ͷΫϩʔϯʹ͓͍ͯɼಛʹίʔυยʹจͷ௥Ճ΍࡟আ͕

ΑΓଟ͘ߦΘΕ͍ͯΔΫϩʔϯͷݕग़͸ࠔ೉ʹͳΔͱ͑ߟ

ΒΕΔɽ࣮ࡍʹɼ[21]ͷ࣮ݧʹ͓͍ͯ͸ɼʮߏจͷྨࣅ౓ʯ

͸ࡉৄ) 5અ)͕௿͍λΠϓ 3Ϋϩʔϯͷݕग़ʹؔͯ͠͸

ݕ͸ͳ͍ɽ͜ͷΑ͏ͳΫϩʔϯΛ͘ߴग़ਫ਼౓͕ͦΕ΄Ͳݕ

ग़͢ΔͨΊʹ͸୯७ͳτʔΫϯͷଟॏू߹ൺֱͷΈͰ͸ͳ

͘ɼίʔυย͕ͭ࣋͞ΒͳΔಛ௃ྔʹண໨͢Δඞཁ͕͋Δ

ͱ͑ߟΒΕΔɽ

ͦ͜ͰຊڀݚͰ͸ɼSourcererCCͷτʔΫϯͷଟॏू߹

ͷൺֱͱ͍͏ߴ଎Խͷੑ࣭͸౿ऻͭͭ͠ɼSourcererCCͰ

͸͏·͘ଊ͑ΒΕͳ͍ಛ௃ྔΛྀͨ͠ߟ N -gram ͮجʹ

͘৽ͨͳख๏ΛఏҊ͢ΔɽSourcererCC͕ιʔείʔυΛ

τʔΫϯͷଟॏू߹ͱද͍ͨͯ͠ݱͷʹର͠ɼఏҊख๏Ͱ

͸τʔΫϯͷN -gramͷଟॏू߹ͱͯ͠ද͢ݱΔɽτʔΫ

ϯͷ N -gramͱ͸ɼίʔυ͔ΒಘΒΕΔτʔΫϯྻͷ N

ͷ࿈઀ͷ͜ͱͰ͋Γɼ1-gram͸୯ʹτʔΫϯͦΕࣗ਎Λݸ

ද͢ɽਤ 2͸ਤ 1ͷϝιουͷຊจΛ 4-gramͷτʔΫϯ

Ͱू߹Խͨ͠΋ͷͰ͋Δɽ

ఏҊख๏͸ɼSourcererCCͷίʔυΫϩʔϯݕग़ख๏ʹ

ରͯ͠ɼࣗવޠݴॲཧͷ N -gramΛద༻͠ɼΑΓҰൠԽ͞

ͤͨ΋ͷͱղऍ͢Δ͜ͱ͕Ͱ͖Δɽࣗવޠݴॲཧʹ͓͍ͯ

͸ɼจྻࣈͷN -gram͔ΒಘΒΕΔώετάϥϜ͕จষͷ

Ⴎ઄ݕग़ [4]΍จॻ෼ྨ [5]ʹར༻͞ΕͨΓɼ୯७ʹจྻࣈ

ͷฤूڑ཭ʹର͢Δۙࣅ [14], [25]ͱͯ͠ར༻͞ΕͨΓ͠

͍ͯΔɽ͜ΕΒͷ݁Ռ͸ɼ୯७ʹ୯ޠͷग़ݱճ਺ͷΈΛݟ

ΔͷͰ͸ͳ͘ɼจ຺ͷதͰͲͷΑ͏ʹग़͢ݱΔ͔Λྀ͢ߟ

Δ͜ͱ͕ॏཁͰ͋Δͱ͍͏఺Λ͍ࣔࠦͯ͠ΔɽϓϩάϥϜ

ίʔυʹ͍ͭͯ΋ಉ༷ͷ͜ͱ͕੒ΓཱͭͳΒ͹ɼίʔυΫ
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public double M(int a)

{ String s = "abc";

if(a == 1){

System.out.println(s);

}

return ((double) a);

}

ਤ 1: Java ड़͞ΕͨαϯϓϧίʔυهͰޠݴ

{ {Strings= , Strings="abc" , s="abc"; , ="abc";if ,

"abc";if( , ;if(a , if(a== , (a==1 , a==1) , ==1{ ,

1){System , ){System. , {System.out ,

System.out. , .out.println , out.println( ,

.println(s , println(s) , (s); , s);} , );}return ,

;}return( , }return(( , return((double ,

((double) , (double)a , double)a) , )a); ,

a);} , );} , ;} , } }

ਤ 2: ਤ 1 ͷຊจΛτʔΫϯͷ 4-gram Ͱू߹Խͨ͠ू߹

ϩʔϯͷݕग़ʹ͓͍ͯ΋ɼ୯७ʹτʔΫϯͷग़ݱճ਺ͷΈ

ΛݟΔͷͰ͸ͳ͘ɼͲ͏͍ͬͨจ຺ʹ͓͍ͯτʔΫϯ͕ग़

ݚΒΕΔɽຊ͑ߟΔ͜ͱ͕ඞཁʹͳΔͱྀ͢ߟΔ͔Λ͢ݱ

ͷҙຯ͢Δͱ͜Ζ͸ɼλΠϓڀ 3ͳͲͷΑΓݕग़ͷ೉͍͠

Ϋϩʔϯରʹରͯ͠ɼࣗવޠݴॲཧܥͷٕज़Λߟࢀʹɼ͜

Ε·Ͱྀ͖͠ߟΕ͍ͯͳ͔ͬͨจ຺΍ߏ଄ͷ৘ใΛऔΓࠐ

Ή͜ͱʹ͋Δɽ

λΠϓ 2΍λΠϓ 3ͷίʔυΫϩʔϯͷݕग़ਫ਼౓Λ্޲

ͤ͞ΔςΫχοΫͱͯ͠ɼτʔΫϯͷਖ਼ଇԽ (ྫ͑͹ [8], [12]

ͳͲ)͕͋ΔɽຊڀݚͰ͸ɼτʔΫϯͷN -gramʹՃ͑ͯɼ

͜ͷτʔΫϯͷਖ਼ଇԽͷςΫχοΫΛ߹Θͤͯద༻͢Δɽ

۩ମతʹ͸ɼ਺஋ϦςϥϧɼจࣈϦςϥϧɼจྻࣈϦςϥ

ϧɼࣝผࢠΛɼͦΕͧΕͷಛघͳτʔΫϯʹஔ͢׵Δ͜ͱ

ͰιʔείʔυΛਖ਼ଇԽͯ͠ɼਖ਼ଇԽ͞ΕͨτʔΫϯྻ͔

ΒτʔΫϯͷ N -gramଟॏू߹ΛಘͯɼJaccard܎਺Ͱൺ

ֱΛ͏ߦɽτʔΫϯͷਖ਼ଇԽΛ͜͏ߦͱͰɼλΠϓ 2ͷΫ

ϩʔϯͰݱΕΔΑ͏ͳࣝผࢠ΍Ϧςϥϧͷॻ͖͑׵ʹର͠

ͯ͸͍ڧϩόετੑΛͭ࣋͜ͱ͕ظ଴Ͱ͖Δ͚ͩͰͳ͘ɼ

ҟͳΔτʔΫϯͷN -gramͷ਺͕ਖ਼ଇԽΛߦΘͳ͍৔߹ͱ

ൺֱͯ͠ݮগ͢ΔͨΊɼߴ଎Խ΋๬ΊΔɽͦͷҰํͰɼࣝ

ผࢠͷจ͕ͭ࣋ྻࣈҙຯʢྫ͑͹ maxͱ͍͏ม਺໊͸ͳΜ

Β͔ͷ࠷େ஋Λද͢ͳͲʣʹ͍ͭͯ͸ɼࣦΘΕΔՄೳੑ͕

͋Δͱ͍͏఺ʹ͸஫ҙ͕ඞཁͰ͋Δɽ

5. ݧ࣮

ຊڀݚͷ࣮ݧʹ͓͍ͯ͸ɼίʔυΫϩʔϯݕग़ͷϕϯν

ϚʔΫͷͻͱͭͰ͋Δ BigCloneBench [23]Λ༻͍ͨɽ

5.1 BigCloneBench

BigCloneBench͸ɼෳ਺ͷΦʔϓϯιʔε JavaϓϩδΣ

ΫτͰߏ੒͞Ε͍ͯΔιϑτ΢ΣΞϦϙδτϦ IJaDataset

2.0 [9]͔Βಛఆͷػೳͷؔ਺ΛϚΠχϯά͢Δ͜ͱʹΑͬ
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ਤ 3: BigCloneBench ͷΫϩʔϯରσʔλʹ͓͚Δߏจͷྨࣅ౓ͷ

෼෍ɽԣ࣠͸ߏจͷྨࣅ౓Ͱॎ࣠͸ͦͷྨࣅ౓Λͭ࣋Α͏ͳΫϩʔϯ

ରͷ਺Λද͢ɽ

ΒΕͨϕϯνϚʔΫͰ͋ΔɽBigCloneBenchʹ͸ɼ໿࡞ͯ

620ສ݅ͷΫϩʔϯରͱ໿ 26ສ݅ͷِΫϩʔϯର͕ొ࿥͞

Ε͓ͯΓɼͦΕͧΕͷରʹ͸લઅͰड़΂ͨΑ͏ͳਖ਼ଇԽΛ

౓ࣅจͷྨߏ༗཰͕ʮڞ୯ҐͰͷߦͷޙͨ͠ࢪ (syntactic

similarity)ʯͱͯ͠ 0͔Β 1·Ͱͷ஋Ͱొ࿥͞Ε͍ͯΔ (ྨ

౓͕ࣅ 1Ͱ͋Δ͜ͱ͸ɼਖ਼ଇԽΛޙͨͬߦͷ;ͨͭͷίʔ

υย͕ߦ୯ҐͰ׬શҰக͢Δ͜ͱΛҙຯ͢Δ)ɽ620ສ݅

ͷΫϩʔϯରʹ͓͚Δߏจͷྨࣅ౓ͷ෼෍Λਤ 3ʹࣔ͢ɽ

ΫϩʔϯλΠϓͷఆٛΑΓɼλΠϓ 1 ͱλΠϓ 2 ͸ߏจ

ͷྨࣅ౓͕ 1ͱͳΔͨΊɼ਺ଟ͘ͷΫϩʔϯର͕λΠϓ 3

·ͨ͸λΠϓ 4 Ͱ͋Γɼͦͷ͏ͪͷଟ͕͘ྨࣅ౓ͷ௿͍

ΫϩʔϯରͰ͋Δ͜ͱ͕֬ೝͰ͖Δɽ[23]Ͱ͸ɼྨࣅ౓͕

[0.7, 1)ͷ൒۠ؒʹଐ͢ΔΫϩʔϯରΛڧλΠϓ 3(Strongly

Type-3)ɼ[0.5, 0.7)ʹଐ͢Δ΋ͷΛதλΠϓ 3(Moderately

Type-3)ɼ[0.0, 0.5)ʹଐ͢Δ΋ͷΛऑλΠϓ 3+4(Weakly

Type-3+4)ͱఆ͍ٛͯ͠ΔɽͦͷͨΊɼBigCloneBenchʹ

ొ࿥͞Ε͍ͯΔ΄ͱΜͲͷΫϩʔϯର͸ऑλΠϓ 3+4ʹ

෼ྨ͞ΕΔɽ

5.2 λΠϓ 3Ϋϩʔϯͷݕग़ਫ਼౓ͷূݕ

λΠϓ 3 Ϋϩʔϯରʹର͢Δݕग़ਫ਼౓Λ͔֬ΊΔػࢉܭ

ͱͦͷ݁Ռʹ͍ͭͯࣔ͢ɽσʔληοτʹ͍ͭͯ͸Ҏݧ࣮

ԼͷΑ͏ͳํ๏Ͱ BigCloneBench͔Βநग़Λͨͬߦɽ5.1

અͰड़΂ͨΑ͏ʹɼ֤Ϋϩʔϯରʹ͸ߏจ্ͷྨࣅ౓͕ઃ

ఆ͞Ε͍ͯΔɽ୯७ͳແ࡞ҝநग़Λ͢Δͱɼྨࣅ౓͕௿͍

ର͕਺ଟ͘நग़͞Εͯ͠·͏ͨΊɼྨࣅ౓ʹ͍͋ͯͮجΔ

ఔ౓ۉҰʹΫϩʔϯର͕நग़͞ΕΔΑ͏ʹҎԼͷΑ͏ͳํ

๏Ͱநग़Λͨͬߦɽߏจͷྨࣅ౓͕ 1ະຬͷΫϩʔϯରΛ

౓͕ࣅྨ Έͷ൒۠ؒࠁ0.1 [0.1, 0.2), [0.2, 0.3), . . . , [0.9, 1.0)

ʹ෼ׂ͠ɼ֤൒͔۠ؒΒίʔυยͷߦ਺͕ Ҏ্ͷ΋ͷߦ6

Λ࠷େͰ 3ઍ݅ͣͭແ࡞ҝʹநग़ͨ͠ɽίʔυͷߦ਺ʹԼ

ग़ਫ਼౓Λൺֱ͢Δ্Ͱ͍͔ͭ͘ͷखݕΛઃ͚Δ͜ͱ͸ɼݶ

๏ʹ͓͍ͯߦΘΕ͍ͯΔඪ४తͳํ๏Ͱ͋Δ [21]. ౓ࣅྨ
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l 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

AUC(N = 1) ∗0.9991 0.9996 0.9989 0.9965 0.9926 0.9862 0.9742 0.9540 0.9175

AUC(N = 2) 0.9990 ∗0.9996 ∗0.9991 0.9974 0.9949 0.9910 0.9830 0.9673 0.9356

AUC(N = 3) 0.9990 0.9996 0.9991 ∗0.9974 ∗0.9951 0.9918 0.9850 0.9710 0.9424

AUC(N = 4) 0.9990 0.9995 0.9991 0.9973 0.9950 ∗0.9919 ∗0.9854 0.9723 0.9451

AUC(N = 5) 0.9990 0.9995 0.9990 0.9972 0.9950 0.9917 0.9854 ∗0.9726 ∗0.9462
AUC(N = 6) 0.9990 0.9995 0.9989 0.9970 0.9946 0.9914 0.9850 0.9723 0.9462

AUC(N = 7) 0.9990 0.9994 0.9988 0.9968 0.9944 0.9911 0.9846 0.9719 0.9461

ද 1: ౓͕ࣅจͷྨߏ [l, 1.0) ʹ͋ΔΑ͏ͳσʔλʹରͯ͠ N Λ 1 ͔Β 7 ΁มԽͤͨ͞ͱ͖ͷ AUC ͷมԽɽ∗ ΛؚΉηϧ͸ɼ֤ྻͷ࠷େ஋Λ
ҙຯ͢Δɽ

l 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

AUC(N = 1) 0.9986 0.9985 0.9953 0.9894 0.9812 0.9694 0.9524 0.9288 0.8905

AUC(N = 2) 0.9989 0.9994 0.9982 0.9953 0.9903 0.9823 0.9690 0.9484 0.9125

AUC(N = 3) 0.9990 0.9995 0.9989 0.9968 0.9932 0.9871 0.9762 0.9582 0.9255

AUC(N = 4) 0.9990 0.9995 0.9990 0.9972 0.9941 0.9888 0.9789 0.9622 0.9317

AUC(N = 5) 0.9990 0.9996 0.9991 0.9973 0.9945 0.9896 0.9801 0.9640 0.9349

AUC(N = 6) 0.9990 0.9996 0.9991 0.9974 0.9947 0.9900 0.9807 0.9638 0.9365

AUC(N = 7) 0.9990 0.9996 0.9991 0.9975 0.9949 0.9902 0.9810 0.9651 0.9373

ද 2: ౓͕ࣅจͷྨߏ [l, 1.0) ʹ͋ΔΑ͏ͳσʔλʹରͯ͠ɼτʔΫϯͷਖ਼ଇԽΛద༻ͨ͠ͱ͖ͷ N = 1, 3, 6 ʹ͓͚Δ AUCɽ

͕ [0.0, 0.1)ͷ۠ؒʹ͍ͭͯ͸ɼྨࣅ౓͕௿͗͢ΔͨΊ࣮ݧ

͔Β͸আ֎ͨ͠ɽ·ͨɼྨࣅ౓͕ [0.9, 1.0)ʹೖΔΫϩʔϯ

ରʹ͍ͭͯ͸ɼ3ઍ݅ʹຬͨͣʹ໿ 1800݅Ͱ͋ͬͨɽِΫ

ϩʔϯରʹ͍ͭͯ͸ಉ͘͡ߦ਺ͷԼݶΛઃ͚ͯ 5ສ݅Λແ

ऴతʹ͜ΕΒΑΓɼ֤࠷ҝநग़ͨ͠ɽ࡞ l = 0.1, 0.2, . . . , 0.9

౓͕ࣅྨ͍ͯͭʹ [l, 1.0)ʹೖΔநग़͞ΕͨΫϩʔϯରͱ

5ສ݅ͷແ࡞ҝநग़͞ΕِͨΫϩʔϯରΛͻͱͭͷσʔλ

ηοτͱ࣮ͯ͠ݧΛͨͬߦɽ͜ͷΑ͏ͳσʔληοτͷภ

ΓΛͨͤͨ࣋ཧ༝ͱͯ͠͸ɼۀ࢈༻ͷιʔείʔυʹ͸࠷

େͰ 20%ఔ౓ͷΫϩʔϯؚ͕·ΕΔͱ͍͏݁Ռ [18]Λྀߟ

ͨͨ͠ΊͰ͋ΔɽΫϩʔϯݕग़ͷධՁʹ͸ɼϋΠύʔύϥ

ϝʔλͰ͋Δᮢ஋ θͷଘࡏͱਖ਼σʔλͷภΓΛྀ͢ߟΔͨ

Ί AUCΛ༻͍ͨɽ

N ͷ஋Λ 1͔Β 7΁มԽͤͨ͞ͱ͖ͷ AUCͷ஋ͷ݁Ռ

Λද 1ʹࣔ͢ɽͨͩ͠ɼN = kʹ͓͍ͯ͸ɼτʔΫϯྻ͔

Β 1 ≤ n ≤ kΛຬͨ͢ n-gramશͯΛ༻͍͍ͯͯ͠ࢉܭΔɽ

ද 1͔ΒΘ͔ΔΑ͏ʹɼߏจͷྨࣅ౓͕͍ߴ৔߹͸N ͕খ

͍͞΄Ͳ AUC͕͘ߴɼྨࣅ౓͕௿͍΄ͲN ͕େ͖͘ͳΔ

ʹͭΕͯ AUC͕େ͖͘ͳΔ͜ͱ͕Θ͔Δɽྨࣅ౓͕͍ߴ

λΠϓڧ 3Ϋϩʔϯͷݕग़ʹ͍ͭͯ͸ N = 1Ͱ΋े෼ͳ

ਫ਼౓Ͱ͋Δ͕ɼதλΠϓ 3ΫϩʔϯΛؚΉσʔλɾηοτ

ʹ͍ͭͯ͸ɼN = 2, 3ɼ͞ΒʹऑλΠϓ 3+4ΫϩʔϯΛؚ

ΊΔͱɼN = 4, 5Ͱ࠷΋ݕग़ਫ਼౓͕͔ͨͬߴɽ͜ΕΒͷ࣮

ग़ʹ͸ɼτʔΫϯͷଟݕ౓͕௿͍ΫϩʔϯͷࣅΒɼྨ͔ݧ

ॏू߹͔ΒಘΒΕΔಛ௃ྔ͚ͩͰ͸ݕ͍ߴग़ਫ਼౓ΛಘΔ͜

ͱ͕Ͱ͖ͳ͍͕ɼτʔΫϯͷ N -gramΛ༻͍ͨຊख๏͸ɼ

ͦΕҎ֎ͷಛ௃ྔΛ͍͘Β͔௫ΜͰ͍ΔͨΊɼݕग़ਫ਼౓͕

ͱղऍ͢Δ͜ͱ͕Ͱ͖Δɽ্ͨ͠޲

·ͨɼτʔΫϯͷਖ਼ଇԽΛͨͬߦ৔߹ʹ͍ͭͯɼN ͷ஋

Λ 1͔Β 7΁มԽͤͨ࣌͞ͷ AUCͷ஋ͷ݁ՌΛද 2ʹࣔ

͢ɽτʔΫϯͷਖ਼ଇԽΛߦΘͳ͍৔߹ͱಉ༷ʹɼߏจͷྨ

౓͕௿͍৔߹ʹ͸ɼNࣅ Λେ͖͘͢Δ͜ͱͰ AUC্͕޲

͍ͯ͠Δ͜ͱ͕Θ͔Δɽ͔͠͠ҰํͰɼද 1ͱද 2Λݟൺ

΂ΔͱɼτʔΫϯͷਖ਼ଇԽΛߦΘͳ͍৔߹ʹൺ΂ͯ AUC

͕શମతʹ௿͘ͳΔ݁Ռʹͳͬͨɽ͜Ε͸ɼࠓճ༻͍ͨ

BigCloneBench ʹ͓͍ͯ͸ɼλΠϓ 2 ͷΑ͏ͳࣝผࢠ΍Ϧ

ςϥϧͷมߋΛٵऩ͢Δ͜ͱͷޮՌΑΓ΋ɼਖ਼ଇԽΛ͏ߦ

͜ͱͰࣦΘΕΔ৘ใͷํ͕Ϋϩʔϯݕग़ਫ਼౓ʹରͯ͠େ͖

ͳӨڹΛ༩͍͑ͯͨͨΊͱ͑ߟΒΕΔɽͦ۟ࣈͷ΋ͷʹͭ

͍ͯͷϩόετੑͱͷτϨʔυΦϑΛ্ྀͨ͠ߟͰɼఏҊ

ख๏ʹదͨ͠ਖ਼ଇԽʹ͍ͭͯ͸ɼޙࠓ΋͍ͯ͑͘ߟඞཁ͕

͋Δɽ

5.3 τʔΫϯͷ N -gram ಉ࢜ͷ Jaccard ཭ͱڑ AST

ؒͷڑ཭

ɼNʹ࣍ -gramΛ༻͍ͨڑ཭͕ίʔυͷߏ଄্ͷಛ௃Λ

Ͳͷ͘Β͍൓өͰ͖͍ͯΔͷ͔Λ֬ೝ͢ΔͨΊɼτʔΫϯ

ͷ N -gram ಉ࢜ͷ Jaccard ཭ͱڑ AST(Abstract Syntax

Tree) ؒͷڑ཭ͷ૬ؔʹ͍ͭͯௐ΂ͨ݁ՌΛࣔ͢ɽ͜͜Ͱɼ

AST͸ϥϕϧ෇͖ࠜ෇͖ॱং໦Ͱ͋ΔɽͦΕΒͷඇྨࣅ

౓Λఆٛ͢Δࢦඪͱͯ͠࠷΋༗໊ͳ΋ͷͷͻͱͭʹ໦ͷฤ

཭ڑू [24] ͕஌ΒΕ͍ͯΔɽ໦ͷฤूڑ཭͸จྻࣈͷฤ

ྻࣈ͸จ࡞཭ͷҰൠԽͱͯ͠΋஌ΒΕ͓ͯΓɼฤूૢڑू

ͷ৔߹ͱಉ༷ʹϊʔυͷૠೖɼ࡟আɼஔ͔׵ΒͳΔɽฤू

Λద༻͠ɼ΋͏ยํ࡞཭͸ยํͷ໦ʹ͍͔ͭ͘ͷฤूૢڑ

ͷ໦ΛಘΔͨΊͷ࠷খίετͱͯ͠ఆٛ͞ΕΔɽ໦ͷฤू
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N 1 2 3 4 5 6 7

p = 1, q = 2 0.8571 0.8992 0.9050 0.9011 0.8950 0.8883 0.8824

p = 2, q = 3 0.7780 0.8389 0.8576 0.8625 0.8619 0.8588 0.8551

p = 3, q = 3 0.7359 0.7995 0.8203 0.8269 0.8275 0.8256 0.8229

ද 3: pq-gram ཭ͱτʔΫϯͷڑ N -gram ʹ͓͚Δ Jaccard ཭ͷ૬ؔɽڑ

C

C B

B D

A B

C

A

D A D

B

A

D A D

ਤ 4: ϥϕϧ෇͖ࠜ෇͖ॱং໦ (ਤࠨ) ͱ p = 2, q = 3 ʹ͓͚Δ

pq-gram(ӈਤ) ͷྫɽӈਤʹ͓͍ͯڙࢠΛ 3 ϊʔυΛத৺ͱͭ࣋ͭ

Ϳɽݺ

ྔࢉܭΔ͜ͱ͸Ͱ͖Δ͕ɼͦͷ͢ࢉܭͰؒ࣌཭͸ଟ߲ࣜڑ

͸େن໛ͳσʔληοτʹద༻Ͱ͖Δ΄Ͳখ͘͞͸ͳ͍ɽ

Ϋϩʔϯݕग़ʹ໦ͷฤूڑ཭Λ༻͍Δख๏΋ఏҊ͞Ε͍ͯ

Δ [11]͕ɼͦΕΒͰ͸ڑ཭ͷࣅۙʹࢉܭతͳํ๏͕༻͍Β

Ε͍ͯΔɽ

໦ͷฤूڑ཭ΛٻΊΔ࠷ʹࡍ΋Α͘༻͍ΒΕΔ୯Ґί

ετϞσϧ͸ɼ໦ͷϊʔυؒͷʮॏཁੑʯΛྀ͠ߟͳ͍

ͨΊɼଟ͘ͷΞϓϦέʔγϣϯͰ͸ෆదͰ͋Δɽͦ͜Ͱɼ

AugstenΒ [1]͸ɼͦͷʮॏཁੑʯΛϊʔυ͕ڙࢠͭ࣋ͷ਺

ʹൺྫ͢Δͱ͑ߟɼfanoutॏΈฤूڑ཭ (fanout weighted

tree edit distance)Λఆٛͨ͠ɽASTʹ͓͍ͯ΋ɼڙࢠͷ

ଟ͍ϊʔυΛฤू͢Δ͜ͱ͸ɼϓϩάϥϜͷߏ଄Λେ͖͘

ม͑ΔՄೳੑ͕͍ͨߴΊɼ୯ҐίετΑΓ΋ fanoutॏΈ

ฤूڑ཭Λ༻͍Δ͜ͱʹ͋Δఔ౓ͷଥ౰ੑ͕͋Δͱ͑ߟΒ

ΕΔɽfanoutॏΈฤूڑ཭Λ͢ࢉܭΔ͜ͱ͸ɼ௨ৗͷฤू

ํࢉܭࣅίετͰ͋Δ͕ɼAugstenΒ͸ۙߴʹ཭ͱಉ༷ڑ

๏ͱͯ͠ pq-gramڑ཭ΛఏҊ͍ͯ͠Δɽϥϕϧ෇͖ࠜ෇͖

ॱং໦ͷ pq-gramͱ͸ਤ 4ͷΑ͏ͳ෦෼໦ͷ͜ͱͰ͋Δɽ

ਤ 4ͷӈਤʹ͓͚ΔڙࢠΛ ϊʔυΛ͜ͷͭ࣋3ͭ pq-gram

ͷத৺ͱݺͼɼ͔ͦ͜Βࠜํ޲ʹ pݸͷϊʔυɼͦͷࢠͱ

ͯ͠࿈ଓͨ͠ qݸͷϊʔυ͔ΒͳΔ෦෼໦Λ pq-gramͱݺ

Ϳɽ໦ͷશͯͷϊʔυ͕গͳ͘ͱ΋Ұճ͸த৺ͱͳΔΑ͏

ʹμϛʔͷϊʔυΛ௥Ճ͢Δ͜ͱͰ໦Λ֦ு͠ɼ͔ͦ͜Β

ಘΒΕΔશͯͷ pq-gramͷଟॏू߹ಉ࢜ͷ Jaccardڑ཭Λ

pq-gramڑ཭ͱݺͿ ͸ࡉৄ) [1])ɽ

͜͜Ͱ͸ fanout ॏΈฤूڑ཭͕ AST ؒͷڑ཭ΛଌΔ

཭ڑΔ͢ࣅඪͱͯ͠ଥ౰Ͱ͋ΔͱԾఆ͠ɼͦΕΒΛۙࢦ

Ͱ͋Δ pq-gramڑ཭ͱτʔΫϯͷ N -gramڑ཭ͷ૬͕ؔ

ͲΕ͚ͩ͋Δ͔Λ؍ଌ͢Δɽp ͱ q ͷ۩ମతͳ஋ʹ͍ͭ

ͯ͸ AugstenΒ͕ಓ࿏ͷϚονϯά΁ͷԠ༻Ͱ༻͍ͨ஋

(p, q) ∈ {(1, 2), (2, 3), (3, 3)} Λ༻͍ͨɽ·ͨɼ࣮ݧʹ͸
BigCloneBenchͷΫϩʔϯରͱِΫϩʔϯରͦΕͧΕ͔Β

ແ࡞ҝʹ 500ͣͭநग़ͯ͠ಘΒΕΔܭ 1ઍରͷίʔυยΛ

༻͍ͨɽͦͷ࣮݁ݧՌΛද 3ʹࣔ͢ɽ

ද 3ΑΓɼN = 1ʹൺ΂ͯɼN ͕͋Δఔ౓େ͖͍ͱ͖ʹ

pq-gramڑ཭ͱͷ૬͕ؔ࠷΋͘ߴͳΔ͜ͱ͕Θ͔Δɽ͜͜

ͰɼҰൠతʹ͸ AST಺Ͱͻͱͭͷ pq-gram಺ʹτʔΫϯ

ͷ N -gram͕ग़͢ݱΔΘ͚Ͱ͸ͳ͍ͨΊɼඞͣ͠΋ N ͱ

p+ qͷ͍ۙ͜ͱ͕૬ؔͷ͞ߴʹӨڹΛ༩͍͑ͯΔΘ͚Ͱ͸

ͳ͍͜ͱʹ஫ҙ͢Δɽ͜ͷ࣮ݧΑΓɼτʔΫϯͷ N -gram

Λ༻͍ͨख๏͸͋Δఔ౓ͷߏจͷߏ଄৘ใΛྀ͍ͯ͠ߟ

Δͱ΋͑ߟΔ͜ͱ͕Ͱ͖Δɽ·ͨɼpq-gramͰඞཁͱͳΔ

ASTͷߏங͸ɼτʔΫϯͷ N -gramΛ༻͍ΔఏҊख๏Ͱ

͸ෆཁͳͨΊɼpq-gramΛ༻͍ͯΫϩʔϯݕग़Λํ͏ߦ๏

ͱൺ΂ͯ΋ຊख๏͸ߴ଎Ͱ͋Δ͜ͱ͕ظ଴Ͱ͖Δɽ

6. ͓ΘΓʹ

ຊڀݚͰ͸ɼϓϩάϥϜͷτʔΫϯͷN -gramΛ༻͍ͨ

ίʔυΫϩʔϯݕग़ख๏ΛఏҊͨ͠ɽఏҊͨ͠ख๏͸େن

໛ͳιϑτ΢ΣΞ܈Λର৅ͱͨ͠ SajnaniΒ [21]ͷख๏ͷ

֦ுͱͯ͠Ґஔ෇͚ΒΕΔɽSajnaniΒ͕༻͍ͨߴ଎Խख

๏͸ຊख๏ʹ΋ͦͷ··ద༻Ͱ͖ΔͨΊɼಉ͘͡େن໛ͳ

ιϑτ΢ΣΞ܈ʹద༻ՄೳͰ͋Δ͜ͱ͕ظ଴Ͱ͖Δɽ

౓͕௿͍ίʔυΫϩʔϯࣅจͷྨߏͷ݁Ռɼݧ࣮ػࢉܭ

ʹରͯ͠͸ɼN Λ͋Δఔ౓େ͖͘͢Δ͜ͱͰΫϩʔϯݕग़

ਫ਼౓ͷվળ͕ݟΒΕͨɽ͜Ε͸ɼࣗવޠݴॲཧͰ༻͍ΒΕ

ΔN -gramͷςΫχοΫ͕ɼϓϩάϥϜίʔυʹ͓͍ͯ΋

ޮՌతͱͳΓಘΔ͜ͱΛ͍ࣔͯ͠Δɽ·ͨɼࣝผ໊ࢠ΍Ϧ

ςϥϧͷॻ͖͑׵Λٵऩ͢ΔͨΊͷਖ਼ଇԽͱຊख๏Λ૊Έ

߹Θͤͨख๏ʹ͍ͭͯ΋࣮ݧΛ͕ͨͬߦɼਖ਼ଇԽΛߦΘͳ

͔ͬͨ৔߹ʹൺ΂ͯݕग़ਫ਼౓͸Լ͕Δ޲܏ʹ͋ͬͨɽࣝผ

Δਖ਼ଇԽͰ͸ɼຊདྷඞ͑׵΍ϦςϥϧͳͲΛશͯॻ໊͖ࢠ

ཁͱͳΔҙຯతͳ৘ใΛফࣦͤ͗ͯ͢͞͠·͏Մೳੑ͕͋

ΔɽN -gramͱ૊Έ߹ΘͤΔ্ʹ͓͍ͯ΋ɼΑΓద੾ͳਖ਼

ଇԽʹ͍ͭͯ͸ޙࠓ΋͍ͯ͘͠࡯ߟඞཁ͕͋Δɽ

͞ΒʹN -gramͷޮՌΛ֬ೝ͢ΔͨΊʹɼ໦ߏ଄ؒͷڑ

཭ج४ͱͯ͠஌ΒΕΔ pq-gramΛ༻͍ͯɼίʔυยͷAST

ؒͷ pq-gram ཭ͱτʔΫϯͷNڑ -gram ʹ͓͚Δ Jaccard

ɽͦͷ݁ՌɼNͨͬߦ΋ݧ཭ͱͷൺֱ࣮ڑ = 3, 4ఔ౓Ͱ

pq-gram తʹ֬ೝͰݧͳΔ͜ͱ͕࣮͘ߴ཭ͱͷ૬͕ؔڑ
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͖ͨɽpq-gramڑ཭͸ϊʔυͷॏཁੑΛྀͨ͠ߟ໦ͷฤू

ΔͨΊ͍ͯ͠ࣅ཭Λ͋Δఔ౓ۙڑ N Λେ͖͘͢Δ͜ͱͰ

ASTͷߏ଄తͳ৘ใΛଊ͑ΕΒΕΔͱ͍͏Ծઆͷূڌͱ

ͳΔՄೳੑ͕͋Δɽ

ͷύϑΥʔϚϯε͕ࡍͷ՝୊ͱͯ͠͸ɼ࣮ޙࠓ N = 1

ͷ৔߹ͱൺ΂ͯͲΕ͚ͩѱ͘ͳΔ͔Λܭଌ͢Δ͜ͱ͕ڍ

͛ΒΕΔɽSourcererCCͷߴ଎Խख๏Λ N > 1ʹ͓͍ͯ

΋ద༻ͨ͠৔߹ɼଟॏू߹ͷ૬ҟͳΔཁૉ਺͕૿Ճ͠ɼ

Jaccard ஋Λ༻͍ͨΠϯᮢ͍ߴͷ૿Ճ΍ɼؒ࣌ࢉܭ਺ͷ܎

σοΫεʹΑΔൺֱ͕೉͘͠ͳΔ͜ͱ΋༧૝͞ΕΔɽͦͷ

ͨΊɼ͜ΕΒͷߴ଎Խख๏Λ੝ΓࠐΜ্ͩͰύϑΥʔϚ

ϯεͷܭଌΛ͍ߦɼવΔ΂͖ߴ଎ԽΛ͢ࢪඞཁ͕͋Δɽ·

ͨɼSourcererCCͰ͸ίʔυยΛଟॏू߹ͱͯ͑͠ߟɼෳ

਺ͷू߹ؒʹ͓͚Δྨࣅ౓ࢉܭͷώϡʔϦεςΟοΫεΛ

ʹ཭ۭؒڑɼ͜Ε͸ɼίʔυยΛ͕ͨͬߦ଎ԽΛߴ͍ͯ༺

ຒΊࠐΜͩͱ΋͑ߟΔ͜ͱ͕Ͱ͖ΔͨΊɼΫϥελϦϯά

΍ LSHͷར༻ [27]ʹΑͬͯ͞ΒͳΔߴ଎ԽΛ࣮͢ݱΔ͜

ͱ΋ظ଴Ͱ͖Δɽ
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[1] B. Augsten, M. Böhlen, J. Gamper: The pq-gram dis-
tance between ordered labeled trees. ACM Transactions
on Database Systems 35(1), 4:1–4:36 (2010)

[2] B. S. Baker: On finding duplication and near-duplication
in large software systems. In Proc. of WCRE 1995,
pp. 86–95 (1995)

[3] I. D. Baxter, A. Yahin, L. Moura, M. Sant’Anna, L. Bier:
Clone Detextion Using Abstract Syntax Trees. In Proc.
of ICSM 1998, pp. 368–378 (1998)

[4] A. Barrón-Cedeño, P. Rosso: On Automatic Plagiarism
Detection Based on n-Grams Comparison. In Proc. of
ECIR 2009, pp. 696–700 (2009)

[5] W. B. Cavnar, J. M. Trenkle: N -gram based text cate-
gorization. In Proc. of SDAIR 1994, pp. 161–175 (1994)

[6] S. Chaudhuri, V. Ganti, R. Haushik: A primitive opera-
tor for similarity joins in data cleaning. In Proc. of ICDE
2006, pp. 5–16 (2006)

[7] K. Chen, P. Liu, Y. Zhang: Achieving accuracy and scal-
ability simultaneously in detecting application clones on
android markets. In Proc. of ICSE 2014, pp. 175–186
(2014)

[8] S. Ducasse, O. Nierstrasz, M. Rieger: On the effective-
ness of clone detection by string matching. Journal of
Software: Evolution and Process 18(1), 37–58 (2006)

[9] Ambient Software Evolution Group: IJaDataset 2.0.
http://secold.org/projects/seclone (2018 ೥ 5 ݄
23೔)

[10] A. Hindle, E.T. Barr, M. Gabel, Z. Su, P. Devanbu:
On the naturalness of software. Communucations of the
ACM vol. 56(5), 122–131 (2016)

[11] L. Jiang, G. Misherghi, Z. Su, S. Glondu: DECKARD:
Scalable and Accurate Tree-Based Detection of Code
Clones. In Proc. of ICSE 2007, pp. 96–105 (2007)

[12] T. Kamiya, S. Kusumoto, K. Inoue: CCFinder: a mul-
tilinguistic token-based code clone detection system for
large scale source code. IEEE Transactions on Software
Engineering 28(7), 654–670 (2002)

[13] I. Keivanloo, J. Rilling, P. Charland: Internet-scale real-
time code clone search via multi-level indexing. In Proc.
of WCRE 2011, pp. 23–27 (2011)

[14] J. Y. Kim, J. Shawe-Taylor: An approximate string-
matching algorithm. Theoretical Computer Science
92(1), 107–117 (1992)

[15] R. Koschke: Large-scale inter-system clone detection us-
ing suffix trees. In Proc. of CSMR 2012, pp. 309–318
(2012)

[16] J. Krinke: Identifying Similar Code with Program De-
pendence Graphs. In Proc. of WCRE 2001, pp. 301–309
(2001)

[17] Z. Li, S. Lu, S. Myagmar, Y. Zhou: CP-Miner: Finding
Copy-Paste and Related Bugs in Large-Scale Software
Code. IEEE Transactions on Software Engineering 32(3),
176–192 (2006)

[18] J. Mayrand, C. Leblanc, E. Merlo: Experiment on the
Automatic Detection of Function Clones in a Software
System Using Metrics. In Proc. of ICSM 1996, pp. 244–
253 (1996)

[19] C. K. Roy, J. R. Cordy: A survey on software clone de-
tection research. Queen’s Technical Report 541 (2007)

[20] C. K. Roy, J. R. Cordy: NICAD: Accurate Detection
of Near-Miss Intentional Clones Using Flexible Pretty-
Printing and Code Normalization. In Proc. of ICPC
2008, pp. 172–181 (2008)

[21] H. Sajinani, V. Saini, J. Svajlenko, C. K. Roy,
C. V. Lopes: SourcererCC: Scaling Code Clone Detec-
tion to Big-Code. In Proc. of ICSE 2016, pp. 1157–1168
(2016)

[22] A. Sheneamer, J. Kalita: A Survey of Software Clone De-
tection Techniques. International Journal of Computer
Applications 137(10), 1–21 (2016)

[23] J. Svajlenko, J. F. Islam, I. Keivanloo, C. K. Roy,
M. M. Mia: Towards a Big Data Curated Benchmark
of Inter-Project Code Clones. In Proc. of ICSME 2014,
pp. 476–480 (2014)

[24] K.-C. Tai: The tree-to-tree correction problem. Journal
of the ACM 26, 422–433 (1976)

[25] E. Ukkonen: Approximate string-matching with q-grams
and maximal matches. Theoretical Computer Science
92(1), 191–211 (1992)

[26] C. Xiao, W. Wang, X. Lin, J. X. Yu: Efficient similar-
ity joins for near duplicate detection. In Proc. of WWW
2008, pp. 131–140 (2008)

[27] ಙҪᠳޛɼ٢ాଇ༟ɼቐԸಬɼҪ্ࠀ࿠: ϋοܕॴੑӶහہ
γϡΛ༻͍ͨίʔυΫϩʔϯݕग़ͷͨΊͷύϥϝʔλܾ
ఆख๏. ࠂใڀݚ৘ใ௨৴ֶձٕज़ࢠి 117(477), 57-62
(2018)

7ⓒ 2018 Information Processing Society of Japan

Vol.2018-SE-199 No.14
2018/7/18


