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͋Β·͠ ґଘ͍ͯ͠ΔͨΊɼը૾͔Βೝࣝͨ͠৘ใΛग़དྷΔ͚ͩଟ͘औΓग़͘ڧʹͷγʔϯάϥϑੜ੒͸ը૾ࡏݱ

ͨ͠๲େͳάϥϑߏ଄ͱͳ͍ͬͯΔɽͦ͜Ͱࢲ͸ɼγʔϯάϥϑͱΩϟϓγϣϯ৘ใΛ༻͍Δ͜ͱͰը૾΁ͷґଘΛ

ͳ͏ͨΊʹɼը૾ͷຊ࣭తͳ৘ใΛநग़͢ΔߦɽվྑΛͨ͑ߟΒ͠ɼγʔϯάϥϑͷվྑ͕Ͱ͖ΔͷͰ͸ͳ͍͔ͱݮ

ख๏ͱγʔϯάϥϑΛ؆ܿͳදݱʹ͢Δख๏ΛఏҊ͢Δɽ·ͨɼγʔϯάϥϑ͸୯७ͳ༗޲άϥϑͰ͸ͳ͍ͨΊɼվ

ྑΛධՁ͢ΔͨΊͷख๏͕ଘ͠ࡏͳ͍ɽͦͷͨΊɼγʔϯάϥϑͷվྑΛࣔͨ͢Ίͷख๏Λ৽ͨʹಋೖ͠ɼධՁ࣮ݧ

ͷ݁Ռͱڞʹࣔ͢ɽධՁ࣮ݧͷ݁ՌɼΑΓ؆ܿͳγʔϯάϥϑ͕ੜ੒Ͱ͖ΔͱࢥΘΕΔ͜ͱΛࣔ͠ɼΑΓը૾಺༰Λ

ද͢γʔϯάϥϑΛ࡞੒͢Δ͜ͱ͕Ͱ͖ͨɽɹ

Ωʔϫʔυ γʔϯάϥϑɼը૾ཧղɼ৘ใཁ໿ɼάϥϑɼScene GraphɼGraph

1 ͸ ͡ Ί ʹ

ը૾಺༰Λೝࣝ͠ը૾৘ใΛߏ଄తʹཧղ͢Δ͜ͱ͸ɼίϯ

ϐϡʔλϏδϣϯͷ෼໺ʹ͓͍ͯॏཁͳ՝୊ͱͳ͍ͬͯΔɽը

૾৘ใΛߏ଄తʹཧղ͢Δͱ͸ɼը૾தʹࣔ͞Ε͍ͯΔ෺ମಉ

࢜ͷؔ܎΍෺ମͷঢ়ଶͳͲΛɼਓ͕֮ؒࢹతʹ൑அͰ͖Δͷͱ

ಉ౳ʹཧղ͢Δͱ͍͏͜ͱͰ͋ΔɽຊߘͰ͸ը૾Λߏ଄తʹཧ

ղ͢ΔͨΊɼը૾ΩϟϓγϣϯͱγʔϯάϥϑΛ༻͍Δɽ

ۙ೥ɼݯࢿࢉܭͷൃୡ΍ਂ૚ֶशͷग़ݱʹΑΓɼػցֶशΛ

༻͍༷ͨʑͳλεΫʹ͓͍ͯѹ౗తͳ੒Ռ͕ݟΒΕΔɽը૾

ೝࣝͷ෼໺ʹߜΔͱɼγʔϯάϥϑ [1], [2], [4], [9]?[11]ɼ΍ը૾

Ωϟϓγϣϯੜ੒ [6]?[8]ͳͲͷ͕͋ڀݚΔɽ

ը૾Ωϟϓγϣϯͱ͸ɼࣗવޠݴͰͷը૾৘ใͷ୹จઆ໌ͷ

͜ͱͰ͋Δɽը૾Ωϟϓγϣϯੜ੒Ͱ͸ओʹɼը૾Λೖྗͱ͠

ͯࣗવޠݴͷςΩετΛग़ྗ͢Δɽը૾ಛ௃ྔΛநग़͠ɼͦΕ

ΒΛೖྗͱͨ͠χϡʔϥϧωοτϫʔΫʹΑΓ୯ྻޠΛग़ྗ͠ɼ

ը૾ΩϟϓγϣϯΛੜ੒͢Δɽ

ը૾ΩϟϓγϣϯͷΑ͏ʹɼը૾৘ใΛผͷυϝΠϯͱͯ͠

ଊ͑Δख๏ͱͯ͠γʔϯάϥϑ͕͋Δɽγʔϯάϥϑͱ͸ɼը

૾தʹؚ·ΕΔ෺ମΛϊʔυͱͯͦ͠ΕΒͷؔੑ܎ΛΤοδͰ

ද͠ݱɼը૾৘ใΛߏ଄తʹද͢ݱΔख๏Ͱ͋Δɽγʔϯάϥ

ϑੜ੒ͷଟ͘͸ɼը૾৘ใ͔ΒγʔϯάϥϑΛੜ੒͢ΔڀݚͰ

͋Δɽը૾ಛ௃ྔΛݩʹɼը૾಺ͷ෺ମʹ෇༩͞Εͨଐੑ΍෺

ମಉ࢜ͷؔ࿈ੑΛਪଌ͢Δ͜ͱͰγʔϯάϥϑΛੜ੒͢Δɽ

ͷγʔϯάϥϑੜ੒Ͱ͸ɼ্Ͱ΋ड़΂ͨΑ͏ʹը૾৘ใࡏݱ

͔Βߏ଄Λཧղ͠Α͏ͱ͢Δ͕ڀݚ΄ͱΜͲͰ͋Δɽ͔͠͠ը

૾͔ΒಘΒΕͨ৘ใΛશͯάϥϑԽ͢ΔͨΊɼγʔϯάϥϑ͸

๲େʹͳͬͯ͠·͍ɼͦͷը૾ʹ͓͚Δॏཁͳཁૉ͕Կ͔Θ͔

Βͳ͘ͳͬͯ͠·͏ɽͦ͜Ͱࢲ͸ɼطଘͷγʔϯάϥϑͱը૾

ΩϟϓγϣϯΛ༻͍Δ͜ͱͰɼΑΓਫ਼౓ͷ͍ߴγʔϯάϥϑΛ

ੜ੒͢Δ͜ͱ͕Ͱ͖ΔͷͰ͸ͳ͍͔ͱͨ͑ߟɽਫ਼౓͕͍ߴͱ͸ɼ

ΑΓ؆ܿͳγʔϯάϥϑͰը૾ͷҙຯߏ଄Λे෼ʹද͢ݱΔ͜

ͱͰ͋Δɽ

ख๏ͱͯ͠͸ɼ·ͣը૾ͷຊ࣭తͳ৘ใநग़ΛఏҊ͢Δɽγʔ

ϯάϥϑʹ͓͍ͯɼଞͷը૾Ͱ΋ଟ͘ग़͍ͯ͠ݱΔ෦෼άϥϑ

͸ɼಛఆͷը૾ͷಛ௃Λද͍ͯ͠ͳ͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼ

཰ʹୡͨ͠෦෼άϥϑ֬ݱ࿅σʔληοτதͰҰఆҎ্ͷग़܇

Λ࡟আ͢Δ͜ͱͰɼΑΓຊ࣭తͳγʔϯάϥϑ͕ੜ੒Ͱ͖Δͱ

͢ݱͳͬͨɽ·ͨɼಉҰը૾಺Ͱෳ਺ճग़ߦΛݧɼධՁ࣮͑ߟ

Δ෦෼άϥϑ͸৑௕ʹද͞ݱΕ͓ͯΓɼ͜͜ΛΑΓద੾ͳ෦෼

άϥϑʹஔ͖͑׵Δ͜ͱͰ؆ܿͳදݱʹ͢Δ͜ͱ͕Ͱ͖Δͱߟ

͑ͨɽ

γʔϯάϥϑͷվྑਫ਼౓Λ্ࣔ͢Ͱɼ৽ͨͳධՁख๏ΛఏҊ

͢Δɽγʔϯάϥϑ͸ɼҰൠతͳ༗޲άϥϑ΍ແ޲άϥϑΑΓ

΋৘ใྔ͕ଟ͍ɽͦͷͨΊҰൠతͳάϥϑಉੑܕ൑ఆ໰୊Ͱղ

͘͜ͱ͸೉͍͠ͷͰɼγʔϯάϥϑͷվྑਫ਼౓Λ֬ೝ͢ΔͨΊ

ͷ৽ͨͳධՁࢦඪΛಋೖͨ͠ɽ

ͯؔ͠ʹݧͷ݁Ռɼը૾ͷຊ࣭తͳ৘ใΛநग़͢Δ࣮ݧ࣮

͸ɼޮՌతͳ݁ՌΛࣔ͢͜ͱ͕ग़དྷͨɽଟ਺ͷը૾ʹ౰ͯ͸·

Δ෦෼άϥϑΛ࡟আ͢Δ͜ͱͰɼ֤γʔϯάϥϑʹ͸ը૾ͷಛ

௃ΛΑࣔͨ͘͠ຊ࣭తͳ৘ใ͕ͨͬ࢒ͱ͑ߟΒΕΔɽಉҰγʔ

ϯάϥϑ಺ʹෳ਺ճग़͢ݱΔ෦෼άϥϑͷมܗʹ͍ͭͯ͸ɼਫ਼

౓ʹ͕ࠩݟΒΕͨɽ্ख͘มܗͰ͖ͨͱ͜Ζ΋͋Δ͕ɼ͋·Γ

Ͱ͖ͳ͍͜ͱͷํ͕ଟ͔ͬͨɽ͜Ε͸Ωϟ͕͑׵଴ͨ͠ஔ͖ظ

ϓγϣϯʹؚ·Ε͍ͯΔ৘ใྔͷ͕ࠩىҼ͍ͯ͠Δͱ͑ߟΒΕ

ΔɽධՁ࣮ݧͷ݁ՌɼશମΛ௨ͯ͠ΈΔͱγʔϯάϥϑ͸վྑ

͞Ε͍ͯΔ͜ͱΛࣔ͢͜ͱ͕Ͱ͖ͨɽ

2 ؔ ࿈ ݚ ڀ

2. 1 γʔϯάϥϑදݱ

γʔϯάϥϑͱ͸ɼը૾ͷҙຯ৘ใΛߏ଄Խͨ͠දݱͷͻͱ

ͭͰ͋Δɽը૾ͷதͷ෺ମ৘ใɼ෺ମʹ෇༩͞Ε͍ͯΔଐੑ৘



ใɼ෺ମϖΞؒͷؔੑ܎৘ใΛάϥϑߏ଄Ͱද͢ݱΔɽγʔϯ

άϥϑͱͯ͠ද͢ݱΔ͜ͱͰɼը૾தͷ෺ମಉ࢜ͷؔ࿈ੑΛ໌

ࣔతʹଊ͑Δ͜ͱ͕Ͱ͖Δɽ

γʔϯάϥϑ͸త֬ʹը૾ͷҙຯ৘ใΛදݱͰ͖Δ͜ͱ͔Βɼ

ଟ͘ͷڀݚ෼໺ʹར༻͞Ε͍ͯΔɻྫ͑͹ɼ୅දతͳ΋ͷͱ͠

ͯը૾࣭໰Ԡ౴ [1]΍ը૾ࡧݕ [2]ɼͦͯ͠ը૾ੜ੒ [4]ͳͲ͕ڍ

͛ΒΕΔɽ

TeneyΒ [1]͸ɼVQA(Visual Question Answering)ʹର͠

ͯγʔϯάϥϑΛޮՌతʹར༻͍ͯ͠ΔɽVQAͱ͸ɼը૾಺

༰ʹؔ͢ΔࣗવޠݴςΩετͷ࣭໰จʹରͯ͠ɼը૾৘ใΛ༻

͍Δ͜ͱͰղ౴Λੜ੒͢Δڀݚ෼໺Ͱ͋ΔɽTeneyΒ͸ɼ࣭໰

จͷ୯ޠͷͭͳ͕Γͱը૾ͷ֤෺ମΛάϥϑߏ଄ͱͯ͠ଊ͑ɼ

ͦΕͧΕͷରԠؔ܎Λֶशͤ͞Δ͜ͱͰޮՌతͳ݁ՌΛੜΜͩɽ

·ͨɼը૾ࡧݕͷ෼໺ʹ͓͍ͯ͸ JhonsonΒ [2]͕ɼγʔϯ

άϥϑΛ༻͍Δ͜ͱͰ݁ࡧݕՌͷ্͕޲Մೳͳ͜ͱΛ͍ࣔͯ͠

ΔɽҰൠతʹը૾ࡧݕΛ͢Δࡍʹ͸ɼٻΊ͍ͯΔը૾ͷಛ௃Λ

త֬ʹࣔ͢͜ͱͰ༗༻ͳ݁ՌΛಘΔ͜ͱ͕Ͱ͖Δɽ͔͠͠ɼͰ

͖Δ͚ͩಛ௃ྔΛؚΊΑ͏ͱจষͳͲͷෳࡶͳ৘ใΛΫΤϦͱ

ͯ͠͠·͏ͱɼࣗ෼͕ٻΊ͍ͯΔը૾ͱ͸͔͚཭Εͨ΋ͷ·Ͱ

ؚ·Εͯ͠·͏ɽͦ͜Ͱ JhonsonΒ͸ɼը૾৘ใΛγʔϯάϥ

ϑͱͯ͠ଊ͑Δ͜ͱͰɼෳࡶͳΫΤϦʹରͯ͠΋త֬ͳ݁ՌΛ

ࣔ͢͜ͱ͕ग़དྷΔͷͰ͸ͳ͍͔ͱ͑ߟɼ݁Ռͱͯ͠༗༻ͳਫ਼౓

Λ͍ࣔͯ͠Δɽ

ը૾ੜ੒ͷ෼໺Ͱ͸ɼJhonson Β [4] ͕γʔϯάϥϑΛ༻

͍͍ͯΔɽࣗવޠݴ৘ใ͔Βͷը૾ੜ੒ڀݚ͸ଘ͢ࡏΔ͕ɼ

StackGAN [5] ͳͲʹΑΔը૾৘ใΛઆ໌ͨ͠ςΩετ͔Βͷ

ը૾ੜ੒͕ҰൠతͰ͋Δɽ͔͠͠ JhonsonΒ͸ɼγʔϯάϥϑ

͔Βը૾Λੜ੒͢Δ͜ͱͰɼΑΓߴਫ਼౓͔࣮ͭݱతͳը૾Λੜ

੒Ͱ͖Δ͜ͱΛࣔͨ͠ɽ͜ͷ͜ͱ͔ΒɼςΩετΑΓ΋γʔϯ

άϥϑͷํ͕ը૾৘ใΛత֬ʹද͢ݱΔ͜ͱ͕Ͱ͖Δͱ͑ݴΔɽ

2. 2 γʔϯάϥϑੜ੒

γʔϯάϥϑΛੜ੒͢Δख๏΋ൃୡ͖͍ͯͯ͠Δ [9]?[11]ɽ͠

͔͠ը૾Ωϟϓγϣϯੜ੒ͱൺֱ͢Δͱྔ͸গͳ͘ɼ·ͩ·ͩ

ൃలͷՄೳੑ͕͍ͯͬ࢒Δͱ͑ߟΒΕΔɽ

෺ମೝࣝͷ৔߹ɼঢ়͍ͯࣅ͕گΔ 2ຕͷը૾Λݟ෼͚Δ͜ͱ

͸೉͍͠ɽྫ͑͹ɼʮਓʯͱʮഅʯ͕ ԣʹฒΜͰ͍Δը૾͕ 2ຕ͋

Δͱ͢ΔɽҰํ͸ਓ͕അʹ৐Ζ͏ͱ͍ͯ͠Δͱ͜ΖͰɼ΋͏Ұ

ํ͸ਓ͕അʹӤΛ৯΂͍ͤͯ͞Δͱ͜Ζͩͬͨͱͯ͠΋ɼ෺ମ

ೝࣝͷ݁Ռͱͯ͠͸ʮਓʯͱʮഅʯͱ͍͏৘ใ͔͠ಘΔ͜ͱ͕ग़

དྷͳ͍ɽͦ͜Ͱ XuΒ [9]͸ɼCNNͱ RPN(Region Proposal

Network) [3]ʹΑͬͯಘΒΕͨྖҬ৘ใ͔Βάϥϑߏ଄Λਪ࿦

͢Δ͜ͱͰɼ෺ମؒͷؔ܎ΛΑΓ໌ࣔతʹࣔ͢͜ͱ͕Ͱ͖Δͱ

ɽͨ͑ߟ

γʔϯάϥϑͷੜ੒ʹ͓͍ͯॏཁͳͷ͸ɼਖ਼֬ʹ෺ମΛೝ

ࣝ͢Δ͜ͱͱɼ෺ମಉ࢜ͷؔੑ܎Λਪଌ͢Δ͜ͱͰ͋ΔɽLi

Β [10]͸ը૾ಛ௃Λநग़͢ΔࡍʹɼྖҬಛ௃ɼϑϨʔζಛ௃ɼ

෺ମಛ௃ΛͦΕͧΕநग़͢Δ͜ͱͰߴਫ਼౓ͳγʔϯάϥϑੜ੒

Λ໨ͨ͠ࢦɽMSDN(Multi-level Scene Description Network)

ͱݺ͹ΕΔख๏Ͱɼ༷ʑͳྖҬαΠζͰը૾ಛ௃Λநग़͢Δ͜

ͱʹΑͬͯɼΑΓը૾Λཧղ͢Δ͜ͱ͕Ͱ͖Δͱ͍͏͜ͱΛࣔ

ͨ͠ɽ

ΑΓάϥϑߏ଄ʹয఺Λ౰ͯͨͷ͸ YangΒ [11]ͷڀݚͰ͋

ΔɽYangΒ͸γʔϯάϥϑΛ࡞੒͢Δࡍʹɼશͯͷೝࣝͨ͠

෺ମΛάϥϑͷϊʔυͱ͠ɼͦΕΒશͯʹରͯ͠ΤοδΛ݁Μ

ͩɽ͔ͦ͜Β෺ମಉ࢜ͷؔ࿈౓Λֶश͠ɼ࠷ऴతʹؔ࿈ੑͷߴ

͍ϊʔυಉ࢜Λ݁Μͩγʔϯάϥϑ͕ੜ੒͞ΕΔɽYangΒ͸

ؔ࿈౓ΛٻΊɼͦͷ݁ՌʹԠͯ͡ΤοδͷΈΛ੾Γऔ͍ͬͯͬ

ͨɽ͔͠͠ɼ෺ମͱͯ͠ೝࣝ͞Εͨͱͯ͠΋ɼը૾৘ใΛత֬

ʹද͢ͷʹඞཁͷͳ͍ϊʔυ΋͋Δͱ͑ߟΒΕΔɽͦ͜Ͱࢲ͸ɼ

෺ମಉ࢜ͷؔ࿈౓ͷ௿͍Τοδ͚ͩͰ͸ͳ͘ɼը૾ʹରͯ͠ͷ

ؔ࿈౓ͷ௿͍ϊʔυ΋੾ΓऔΔ͜ͱʹΑͬͯɼΑΓత֬ʹը૾

৘ใΛද͢͜ͱ͕ग़དྷΔͱͨ͑ߟɽ

3 γʔϯάϥϑ

3. 1 γʔϯάϥϑͱ͸

ຊڀݚͰ͸ɼը૾ͷҙຯ৘ใΛߏ଄తʹཧղ͢ΔͨΊʹγʔ

ϯάϥϑΛ༻͍Δɽຊڀݚʹ͓͚ΔγʔϯάϥϑͰ͸ɼ෺ମ৘

ใΛ Objectsɼ෺ମͷଐੑ৘ใΛ Attributesɼ෺ମϖΞؒͷؔ

Λੑ܎ RelationshipsͰද͢ɽ

γʔϯάϥϑͷྫΛਤ 1ʹࣔ͢ɽਤͷӈଆʹࣔ͞Ε͍ͯΔͷ

͕ɼࠨͷը૾ʹରԠ͢ΔγʔϯάϥϑͷҰྫͰ͋Δɽ͜ͷྫͰ

͸ɼObjectsͱͯ͠ʮwomanʯʮbusʯʮtruckʯʮbicycleʯ͕ࣔ͞

Ε͍ͯΔɽʮwomanʯΛྫͱͯ͠ݟΔͱ Attributes͸ɼҥ෰ͷ

৭Ͱ͋Δʮgreenʯ΍ʮblackʯ͕෇༩͞Ε͍ͯΔɽ·ͨObjects

ؒͷ Relationships ͸ɼʮwomanʯͱʮbicycleʯΛ͍ͯ͛ܨΔ

ʮridingʯͳͲ͕͛ڍΒΕΔɽ

ਤ 1 γʔϯάϥϑͷྫ

ຊڀݚʹ͓͚ΔγʔϯάϥϑͷఆٛΛࣔ͢ɽຊߘͰ͸ɼγʔ

ϯάϥϑΛ G = (O,E) Ͱද͢ɽO ͸άϥϑͷϊʔυΛද

͠ɼE ͸ΤοδΛද͢ɽ͜͜Ͱ O ͱ͸ Objects ͷू߹Ͱ͋

ΓɼO = {o1, o2, ..., on} ͱͳΔɽ·ͨɼE ͱ͸ Objects ͷϖ

Ξಉ࢜Λ݁Ϳ Relationships ͷू߹Ͱ͋ΓɼRelationships ͸

Objects − Relationships − Objects ͷܗΛऔΔɽ͜ͷ Ob-

jectsؒͷ RelationshipsΛΘ͔Γ΍͘͢͢ΔͨΊɼObjects−
Relationships−Objectsͷؔੑ܎Λ head− edge− tailͱද

Δ͢ݱ [12]ɽͭ·Γγʔϯάϥϑ G ʹ͓͍ͯɼO ͸ head ͱ

tailͷू߹Ͱ͋ΓɼE ͸ edgeͷू߹Ͱ͋Δͱ͑ݴΔɽ

3. 1. 1 γʔϯάϥϑͷಛ௃

ຊઅͰ͸ɼγʔϯάϥϑͰͷදݱͷಛ௃Λड़΂Δɽ



·ͣγʔϯάϥϑͷେ͖ͳಛ௃͸ɼ໊લͷࣔ͢௨Γը૾಺༰

Λάϥϑߏ଄Ͱද͢ͱ͍͏఺Ͱ͋Δɽਤ 2 Ͱ͸ɼਤ 1 ͷࠨʹ

ࣔͨ͠ը૾ʹର͢ΔγʔϯάϥϑͷҰ෦ͱɼγʔϯάϥϑʹࣔ

͞Ε͍ͯΔ෦෼ͷΈͷΩϟϓγϣϯΛ͍ࣔͯ͠ΔɽͦΕͧΕͷ

ObjectsɼAttributesɼRelationshipsͷ৭͸ɼγʔϯάϥϑͱ

ΩϟϓγϣϯͰରԠ͍ͯ͠Δɽ

ਤ 2 γʔϯάϥϑͱΩϟϓγϣϯͷൺֱ

ਤ 2ΛݟΔͱɼγʔϯάϥϑΑΓΩϟϓγϣϯͷํ͕͍͔ࡉ

৘ใ·Ͱ͍ࣔͯ͠ΔΑ͏ʹ͡ײΒΕΔɽ͔͠͠ɼ͜Ε͸Ωϟϓ

γϣϯΛจষͰද͢ݱΔͱ͍͏౎߹্ɼγʔϯάϥϑ্ʹ͸ࡌ

ͤΔ͜ͱ͕ग़དྷͳ͔ͬͨ৘ใ΋෇Ճ͍ͯ͠ΔͨΊͰ͋Δɽ࣮ࡍ

ʹ͸ɼ৘ใྔ͸͞΄ͲมΘΒͣɼදํݱ๏ͷΈͷҧ͍ͱ͑ݴΔɽ

৘ใྔ͕มΘΒͳ͍ͱͯͬݴ΋ɼΩϟϓγϣϯ͸ࣗવޠݴͷจ

ষͰද͞ݱΕΔͨΊɼಉ͡ओ͕ޠԿ౓΋ݱΕͨΓɼObjectsؒ

ͷ͕ؔੑ܎Θ͔Γʹ͔ͬͨ͘Γͱ໰୊఺΋͋Δɽରͯ͠γʔϯ

άϥϑ͸ɼෳࡶͳ৘ใΛ؆ܿͳߏ଄ʹ͢Δ͜ͱͰɼΩϟϓγϣ

ϯΑΓཧղ͠΍͍͢΋ͷͱͳ͍ͬͯΔɽ

ಛʹγʔϯάϥϑͷಛ௃ͱͯ͛͠ڍΒΕΔ఺͸ɼը૾ཧղͷ

༰қ͞Ͱ͋Δɽਤ 2Λͯݟ΋Β͑ΔͱΘ͔Δ͕ɼΩϟϓγϣϯ

ͷํ͸ৄهʹࡉड़͞Ε͍ͯΔʹ΋ؔΘΒͣɼը૾Λ͔ු͍ࢥ΂

Δͱଟ༷ͳ৘͔ු͕ܠͿͷͰ͸ͳ͍ͩΖ͏͔ɽରͯ͠γʔϯά

ϥϑ͸ɼը૾ͷҙຯߏ଄Λݩʹάϥϑͱͯ͠ද͞ݱΕ͍ͯΔͨ

Ίɼը૾಺༰Λਖ਼֬ʹهड़͢Δ͜ͱ͕Ͱ͖ΔͷͰ͋Δɽͭ·Γɼ

ը૾͔Βγʔϯάϥϑ΍Ωϟϓγϣϯ΁ͷม׵͸ಉఔ౓ͷ৘

ใྔΛͨͤ࢒ͱͯ͠΋ɼγʔϯάϥϑ΍Ωϟϓγϣϯ͔Βը૾

಺༰΁ͷม׵ʹ͸େ͖ͳ͕ࠩग़ͯ͠·͏ͱ͑ݴΔɽ͜ͷ఺͕ɼ

γʔϯάϥϑͷҰ൪ͷಛ௃ͱͯ͛͠ڍΒΕΔɽ

3. 2 γʔϯάϥϑͷධՁख๏

γʔϯάϥϑΛվྑ͢Δ্Ͱਫ਼౓ͷධՁΛ͢Δඞཁ͕͋Δ͕ɼ

γʔϯάϥϑͷධՁʹ͸ఆ·ͬͨख๏͕ͳ͍ɽγʔϯάϥϑ͸

άϥϑߏ଄Ͱ͸͋Δ΋ͷͷɼҰൠతͳແ޲άϥϑ΍༗޲άϥϑ

ΑΓ΋৘ใྔ͕ଟ͍ɽ༗޲άϥϑͱಉ༷ʹΤοδʹ͸͋Δϊʔ

υ͔Β͋Δϊʔυ΁ͷ͕͖͋޲ΓɼϊʔυʹՃ͑ͯΤοδʹ΋

ϥϕϧ͕෇༩͞Ε͍ͯΔɽ͜ΕͰ͸Ұൠతͳάϥϑಉੑܕ൑ఆ

໰୊ͳͲͰͷղܾ͸೉͍͠ɽ

άϥϑಉੑܕ൑ఆ໰୊ͱ͸ɼ2ͭͷάϥϑ͕ಉ͡ܗΛ͍ͯ͠

Δ͔Ͳ͏͔Λ൑ఆ͢Δ໰୊ͷ͜ͱͰ͋Δɽ͜ͷ৔߹ͷಉ͡ܗͱ

͍͏ͷ͸ɼ2ͭͷάϥϑ͕ಉ਺ͷϊʔυͱಉ਺ͷΤοδΛ࣋ͪɼ

શͯͷϊʔυ͕ಉҰͷͭͳ͕ΓํΛ͍ͯ͠Δঢ়ଶͷ͜ͱͰ͋Δɽ

άϥϑͷಉੑܕΛ൑ఆ͢Δ໰୊͸ͱͯ΋͕ྔࢉܭଟ͘ɼ࣮ݱత

ͳ࣌ؒͰղ͘͜ͱ͸೉͍͠ɽ·ͨɼຊڀݚͰ͸վྑͨ͠γʔϯ

άϥϑ͕ݩγʔϯάϥϑͱಉܕͰ͋Δඞཁ͸ͳ͍ͨΊɼผͷධ

Ձख๏Λಋೖ͢Δɽ

ຊڀݚͰ͸ɼγʔϯάϥϑͷվྑਫ਼౓ΛධՁ͢ΔͨΊʹɼ৽

ͨͳධՁख๏Λಋೖ͢Δɽຊڀݚͷ໨త͸ɼҙຯߏ଄ʹண໨͢

Δ͜ͱͰγʔϯάϥϑͷਫ਼౓Λ্͛Δ͜ͱͰ͋Δɽγʔϯάϥ

ϑͷਫ਼౓Λ্͛Δͱ͸ɼը૾͔ΒಘΒΕΔ๲େͳ৘ใΛશͯά

ϥϑʹͯ͠͠·͏͜ͱ͔Βɼը૾ͷಛ௃ΛΑ͘ද͍ͯ͠Δཁૉ

ͷΈΛ؆ܿʹάϥϑʹ͢Δ͜ͱͰ͋Δɽ

ධՁख๏ͱͯ͠͸ɼ͍͔ͭ͘ͷཁૉΛ૊Έ߹Θͤͨ૯߹తͳ

ධՁʹΑͬͯਫ਼౓ΛٻΊΔ͜ͱͱ͢Δɽ۩ମతʹ͸γʔϯάϥ

ϑͷϊʔυͷ਺ɼΤοδͷ਺ɼ͋ Β͔͡Ίબ୒ͨ͠୅දObjects

͕աෆ଍ͳؚ͘·Ε͍ͯΔ͔ɼҎ্ͷ 3఺ʹΑͬͯධՁ͢Δɽ

͋Β͔͡Ίબ୒ͨ͠୅ද Objects ͱ͸ɼը૾಺༰Λ্ࣔ͢Ͱ

ΘΕΔࢥతʹॏཁͩͱ֮ࢹ Objects5ͭͱɼը૾ʹ͸ؚ·Εͯ

͍Δ͕ຊ࣭తͰ͸ͳ͍ Objects5ͭͰ͋Δɽը૾಺༰Λ্ࣔ͢

Ͱ֮ࢹతʹॏཁͩͱࢥΘΕΔ Objects5͕ͭͲΕ͚ͩγʔϯά

ϥϑʹؚ·Ε͍ͯΔ͔ͱɼը૾ʹ͸ؚ·Ε͍ͯΔ͕ຊ࣭తͰ͸

ͳ͍ Objects5͕ͭͲΕؚ͚ͩ·Ε͍ͯͳ͍͔ʹΑͬͯධՁ͢

Δɽ͜ΕΒ͸࠷௿Ͱ΋ Objects͕ 10Ҏ্͋Δը૾Ͱ͔͠ධՁ

Ͱ͖ͳ͍ͨΊɼςετσʔληοτશͯͰ͸ͳ͘ɼςετσʔ

ληοτ͔Βબ୒ͨ͠ 100ͷը૾Λ͍࢖ධՁ͢Δɽ·ͨɼਖ਼౰

ͳධՁΛߦͳ͏ͨΊɼ͜ΕΒ͸ධՁ࣮ݧͷલʹ͋Β͔͡Ίબ୒

͓ͯ͘͠ɽҎԼͷਤ 3ʹબ୒ͨ͠ ObjectsͷྫΛࣔ͢ɽϊʔυ

ͷ਺ͱΤοδͷ਺͸ɼͲͷఔ౓γʔϯάϥϑ͕ຊ࣭తͳ৘ใ͔

ͭ؆ܿͳදݱʹͳ͔ͬͨΛධՁ͢ΔͨΊʹ༻͍Δɽ

ਤ 3 ධՁͷͨΊʹબ୒ͨ͠ Objects ͷྫ

4 ఏ Ҋ ख ๏

4. 1 ҙຯߏ଄ʹ͓͍ͯॏཁͰͳ͍Τοδͷ࡟আ

ը૾͔ΒಘΒΕΔಛ௃ʹ͸ɼը૾͕͍ࣔͯ͠Δ৘ใΛత֬ʹ

ද͍ͯ͠Δಛ௃ͱɼը૾ͷҙຯΛ͑ߟΔ্Ͱͦ͜·ͰॏཁͰ͸

ͳ͍ಛ௃͕͋Δͱ͑ݴΔɽਤ 4ͷ௨Γɼࠨͷը૾ʹࣔ͞Εͨྖ

Ҭͱӈʹࣔ͞ΕͨྖҬΛൺֱ͢Δͱɼը૾ͷҙຯߏ଄ΛٻΊΔ

্Ͱ͸ࠨͷը૾͔ΒಘΒΕͨྖҬͷํ͕ॏཁͰ͋Δͱ͑ߟΒΕ

Δɽࠨͷը૾Ͱ͸ը૾தԝʹ͋ΔʮιϑΝʯΛɼӈͷը૾Ͱ͸

ʮιϑΝʯͷޙΖʹ͋ΔʮϥΠτʯʹྖҬ͕ࣔ͞Ε͍ͯΔɽ͜ͷ

ը૾ྫͷ৔߹ɼॏཁͳཁૉͱ͑ߟΒΕΔͷ͸ʮιϑΝʯʮςʔϒ



ϧʯʮ૭ʯʮ෦԰ʯͳͲ͕͛ڍΒΕΔɽͭ·ΓӈͰࣔ͞ΕͨྖҬ

͸ɼ࣮ࡍʹը૾ͷҙຯߏ଄Λ͑ߟΔ্ͰॏཁͰ͸ͳ͍ཁૉͰ͋

Δͱ͑ߟΒΕΔɽͦ͜Ͱࢲ͸ɼ͜ͷΑ͏ͳը૾ͷҙຯߏ଄ʹ͓

͍ͯॏཁͰ͸ͳ͍ͱ͑ߟΒΕΔཁૉ͕ɼγʔϯάϥϑʹ൓ө͞

Εͳ͍Α͏ʹ͢Δ͜ͱΛ໨ͨ͠ࢦɽ

ਤ 4 ҙຯߏ଄ʹ͓͚Δॏཁͳը૾ྖҬ

͜ͷΑ͏ͳը૾ͷҙຯߏ଄ʹ͓͍ͯɼॏཁͰͳ͍ΤοδΛ࡟

আ͢Δʹ͸Ͳ͏͢Ε͹Α͍ͩΖ͏͔ɽࢲ͸ɼը૾͔Βೝࣝ͞Ε

ͨ ObjectsͱͦΕΒͷ Relationshipsʹ͓͍ͯɼଟ਺ͷը૾ʹ

͓͍ͯग़ݱස౓ͷ͍ߴ΋ͷ͸ॏཁͰ͸ͳ͍ͷͰ͸ͳ͍͔ͱ͑ߟ

ͨɽ͞ΒʹɼͦΕΒͷग़֬ݱ཰ʹΑΔख๏ͷ෼ྨΛߦͳͬͨɽ

ਤ 5 ը૾͔ΒಘΒΕΔ head− edge− tail ϖΞͷྫ

4. 1. 1 ಉ࣌֬཰ʹΑΔॏཁ౓ͷ௿͍Τοδͷ࡟আ

ਤ 5Ͱ͸ɼಉҰը૾͔ΒಘΒΕΔෳ਺ͷ head− edge− tail

ͷϖΞͷҰ෦Λྻ͍ͯ͠ڍΔɽ͜ͷਤΛݟΔͱΘ͔Δ௨Γɼ

head− edge− tail ͸ͦͷը૾ͷಛ௃Λ໌֬ʹද͢ϖΞ΋͋Ε

͹ɼଞͷը૾ʹ͓͚Δಉ͡Α͏ͳޫܠΛද͢ϖΞ΋ଘ͢ࡏΔɽ

ਤ 5ʹࣔ͞Ε͍ͯΔྫͰ͑ݴ͹ɼpillow − on − couch͸ɼͨ

ͩ෦԰ʹιϑΝ͕ஔ͍ͯ͋Δ͚ͩͰ͸ͳ͘ɼιϑΝͷ্ʹ͸ປ

͕͋Δ఺Λ໌͍ࣔͯ͠Δɽ͜Ε͸ը૾ͷಛ௃Λද͢ͱͯͬݴΑ

͍ͩΖ͏ɽ͔͠͠ɼ൓ରʹ couch − on − floor ͳͲ͸ը૾ͷ

ಛ௃Λ্ࣔ͢Ͱɼ͋·ΓॏཁͰ͸ͳ͍ͷͰ͸ͳ͍͔ͱ͑ߟΒΕ

Δɽͦͷཧ༝ͱͯ͠͸ɼιϑΝͷ৘ใ͕ଞͰࣔ͞Ε͍ͯͨ৔߹

ιϑΝ͕চʹ͋Δͷ͸౰વͱͯ͑͠ߟΒΕΔ఺΍ɼιϑΝ͕

͋Δը૾͸ͨ͘͞Μ͋ΔͷͰߋʹਂ͍৘ใͰͳ͍ͱҙຯ͕ͳ

͍఺ͳͲ͕͛ڍΒΕΔɽͭ·ΓࠓճͷྫͰ͏ݴͱɼଟ਺ͷը૾

ؚ͕·ΕͨσʔληοτͰͨ͑ߟ৔߹ couch − on − floor ͸

pillow − on− couchΑΓଟ͘ग़͍ͯ͠ݱΔͱ͑ߟΒΕΔɽ

͜ͷΑ͏ʹɼhead− edge− tail ͷ৘ใ͕શͯಉͩͬͨ͡৔

߹ͷΈͷग़ݱճ਺Λɼ(head,edge,tail)ͷಉ࣌֬཰ʹΑΔग़ݱ

ճ਺ͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δɽಉ࣌֬཰ͱ͸ɼෳ਺ͷࣄ৅͕

ಉ࣌ʹ͖ىΔ֬཰ͷ͜ͱͰ͋ΔɽX ͱ Y ͕ಉ࣌ʹ͖ىΔ֬཰

͸ɼP (X,Y )Ͱࣔ͞ΕɼҎԼͷࣜ 1Ͱ͞ࢉܭΕΔɽ

P (X,Y ) = P (X)P (Y ) (1)

ͭ·Γɼhead− edge− tail ͷશͯͷཁૉ͕ಉ࣌͡ͷग़֬ݱ

཰͸ɼP (head, edge, tail)ͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δɽ

ස౓ͷଟ͍ݱग़͍ͯͮجʹ࿅σʔλʹ͓͍ͯɼಉ࣌֬཰܇

head− edge− tailͷϖΞΛςετσʔλͰ͸࡟আ͢Δ͜ͱͰɼ

ॏཁͳཁૉͷΈΛऔΓग़ͤΔͱͨ͑ߟɽϖΞΛ࡟আ͢Δͱ͍͏

−͸ɼheadۀ࡞ edge− tailΛશͯ࡟আ͢ΔͷͰ͸ͳ͘ɼedge

ͱ tailΛ࡟আ͢Δۀ࡞ͷ͜ͱͰ͋Δɽͭ·Γγʔϯάϥϑ্ʹ

͸ headͷΈ͕࢒Γɼ͜ΕΛ܁Γฦ͢͜ͱͰɼؼ࠶తʹ࡟আ͠

͍ͯ͘ɽ࡟আΛߦͳ͏৚݅ࣜ͸ҎԼͷ௨ΓͰ͋Δɽ

D(t) =
∑

i∈I

∑

x∈E

τ(i)P (x, t) (2)

͜͜Ͱ I ͸σʔληοτʹؚ·ΕΔը૾ͷ૯਺Ͱ͋Γɼτ(i)

͸ i൪໨ͷը૾ͷͭࡾ૊Ͱ͋Δɽͭࡾ૊ͷग़ݱճ਺Λγʔϯά

ϥϑ͝ͱʹՃ͠ࢉɼ͞Βʹσʔληοτதͷશͯͷը૾ʹର͠

ͯՃ͢ࢉΔ͜ͱͰɼશͯͷը૾ʹର͢Δͭࡾ૊ͷग़ݱස౓Λٻ

ΊΔɽͦͯ͠ɼग़ݱස౓͕೚ҙͷ஋ C Λӽ͑ͨ৔߹࡟আΛߦ

ͳ͏ɽ

4. 1. 2 ৚݅෇͖֬཰ʹΑΔॏཁ౓ͷ͍ߴϊʔυͷݕग़

4.1.1 Ͱ͸ಉ࣌֬཰ʹΑΔग़ݱස౓ΛݩʹΤοδͷ࡟আΛߦ

ͳ͕ͬͨɼຊ߲Ͱ͸৚݅෇͖֬཰ʹΑΔϊʔυͷݕग़Λߦͳ͏ɽ

৚݅෇͖֬཰ͱ͸ɼ͋Δࣄ৅ Y ࣄɼͦͷ৚݅ԼͰʹ͖࣌ͨى͕

৅ X Δ֬཰ͷ͜ͱͰ͋ΔɽP͖ى͕ (X|Y ) Ͱࣔ͞ΕɼҎԼͷ

ࣜ 3Ͱ͞ࢉܭΕΔɽ

P (X|Y ) =
P (X,Y )

P (Y )
(3)

4.1.1Ͱ͸ head − edge − tail ͕શͯಉ͡৔߹Λಉ࣌֬཰ͱ

ͯ͠ଊ͑ͨɽಉ༷ʹͯ͠ɼ͋Δ head͔Β edge− tail͕ग़͢ݱ

Δ৔߹΍ɼhead− edge͔Β tail͕ग़͢ݱΔ৔߹Λ৚݅෇͖֬

཰ͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δͱͨ͑ߟɽ

ಉ࣌֬཰ʹΑΔग़ݱճ਺Ͱ͸ɼશͯͷγʔϯάϥϑʹ͓͍

ͯ head − edge − tail ͕શͯಉҰͷ৔߹ͷग़ݱճ਺Λ਺͑ͨɽ

ຊ߲Ͱ͸ಉ͡γʔϯάϥϑʹ͓͍ͯɼhead ͕ಉҰͷ΋ͷ͔Β

edge− tail͕ੜ͡Δ৔߹ͱɼhead−edge͕ಉҰͷ΋ͷ͔Β tail

͕ੜ͡Δ৔߹ΛɼͦΕͧΕҎԼͷࣜͰٻΊΔɽࣜ 4͕ɼhead͕

ಉҰͷ΋ͷ͔Β edge − tail ͷϖΞ͕ੜ͡Δ৔߹Ͱ͋Γɼࣜ 5

͕ɼhead − edge͕ಉҰͷ΋ͷ͔Β tail ͕ੜ͡Δ৔߹Ͱ͋Δɽ

͜͜Ͱ S ͸γʔϯάϥϑʹؚ·ΕΔΤοδͷ૯਺Ͱ͋Δɽ

S∑
P ((edge− tail)|head) (4)

S∑
P (tail|head, edge) (5)

σʔληοτதͷଟ਺ͷγʔϯάϥϑʹෳ਺ճग़͍ͯ͠ݱΔ

ཁૉ͸ɼը૾ͷຊ࣭తͳಛ௃Λࣔ͞ͳ͍ͱͨ͑ߟɽ൓ରʹɼݸʑ

ͷγʔϯάϥϑʹ͓͍ͯෳ਺ճग़͢ݱΔཁૉ͸ɼͦͷը૾ʹ͓



͍ͯॏཁͳಛ௃Λද͍ͯ͠Δ͜ͱ͕ଟ͍ͱͨ͑ߟɽͦ͜Ͱɼ্

͍͓ͯʹ଄ߏͷࣜΛγʔϯάϥϑʹద༻͠ɼͦͷը૾ͷҙຯه

ॏཁͳཁૉΛݕग़͢Δɽ

4.1.1 Ͱ͸ಉ࣌֬཰ʹΑͬͯग़ݱճ਺ΛٻΊɼҰఆͷ஋Λ௒

͑ͨ head− edge− tailͷϖΞ͸શͯ࡟আͨ͠ɽຊ߲Ͱ͸ɼ৚

݅෇͖֬཰ʹΑΔग़ݱස౓ʹΑΓ֤ϊʔυͷॏཁ౓ΛٻΊɼॏ

ཁ౓͕௿͍෦෼άϥϑΛ࡟আ͢Δ͜ͱͰɼ͞Βʹਫ਼౓Λ্͛Δ

͜ͱ͕Ͱ͖Δͱͨ͑ߟɽ

4. 2 ෳ਺ग़͢ݱΔཁૉͷݕ౼

4.1Ͱ͸౷ܭతख๏ʹண໨͠ɼଟྔͷσʔλʹ͓͍ͯग़ݱස

౓ͷ͍ߴ head − edge − tail ͷϖΞ͸ը૾ͷಛ௃Λද͞ͳ͍

ͱ͑ߟɼͦͷϖΞΛ࡟আ͢Δ͜ͱͰਫ਼౓্޲Λ໨ͨ͠ࢦɽ·

ͨɼͻͱͭͷγʔϯάϥϑʹ͓͍ͯෳ਺ճग़͢ݱΔཁૉ͸ॏ

ཁͰ͋Δͱ͑ߟɼॏཁ౓͕௿͍෦෼άϥϑΛ࡟আ͢Δ͜ͱΛ

ఏҊͨ͠ɽຊઅͰ͸ɼͻͱͭͷγʔϯάϥϑͰෳ਺ճग़͢ݱΔ

head− edge− tailͷϖΞͷѻ͍ʹ͍ͭͯݕ౼Λߦͳ͏ɽ

ਤ 6 head− edge− tail ͷϖΞ͕ෳ਺ճग़͢ݱΔը૾ͷྫ

ਤ 6Ͱࣔ͢Α͏ʹɼը૾͔Βੜ੒͞Εͨγʔϯάϥϑʹ͸ɼ

ಉ͡ head − edge − tail ͷϖΞ͕ෳ਺ճग़͢ݱΔ͜ͱ͕͋Δɽ

͜ͷݱ৅͸ਤͷΑ͏ͳจ͕ࣈॻ͍ͯ͋Δ৔߹͚ͩͰ͸ͳ͘ɼͨ

͘͞Μͷݐ෺͕͍ࣸͬͯΔը૾ͳͲͷ৔߹ʹ΋ੜ͡Δ͜ͱ͕͋

Δɽ͔͠͠ਤΛݟΔͱΘ͔ΔΑ͏ʹɼ͜ΕͰ͸৑௕ੑͰ͋Δͨ

Ίɼਤ 6ͷԼͷΑ͏ʹͳΔͷ͕ཧ૝తͰ͋Δͱ͑ߟΒΕΔɽ

ͦ͜Ͱࢲ͸ɼ͜ͷΑ͏ͳ՝୊Λղܾ͢ΔͨΊʹɼෳ਺ग़͠ݱ

ͨ head − edge − tail ͷϖΞΛ·ͱΊΔ͜ͱͰγʔϯάϥϑ

Λ؆ܿʹ͢Δ͜ͱ͕Ͱ͖Δͱͨ͑ߟɽͻͱͭͷγʔϯάϥϑͰ

head− edge− tail ͷϖΞ͕ෳ਺ճग़ͨ͠ݱ৔߹ɼͦΕΒΛ·

ͱΊɼhead Λม͢ܗΔ͜ͱͰ؆ܿͳγʔϯάϥϑʹ͢Δɽਤ

6ͷྫͰࣔ͢ͱɼletter − on− board͕ෳ਺ճग़͍ͯ͠ݱΔͷ

Ͱɼletters− on− boardͷΑ͏ʹ letter Λෳ਺ܗʹ͠ɼ·ͱ

ΊΔ͜ͱͰ؆ܿͳදݱʹ͢Δɽheadͷมܗ͸Word2Vecͷ୯

ͣ·ͳ͏ͨΊɼߦ཭ʹΑͬͯڑ౓ͱϨʔϕϯγϡλΠϯࣅྨޠ

Word2Vec [13] ͱϨʔϕϯγϡλΠϯڑ཭ʹ͍ͭͯઆ໌͢Δɽ

ଓ͚ͯෳ਺ग़͢ݱΔ෦෼άϥϑͷ࡟আख๏ʹ͍ͭͯઆ໌͢Δɽ

4. 2. 1 Word2VecͱϨʔϕϯγϡλΠϯڑ཭ʹΑΔྨࣅ౓

·ͣɼWord2Vec [13]ʹ͍ͭͯઆ໌͢ΔɽWord2Vecͱ͸ɼ؆

୯ʹ͏ݴͱ୯ޠΛϕΫτϧͱͯ͠ද͢ݱΔ͜ͱͰ࣍ݩΛѹॖ͢

Δख๏ͷ͜ͱͰ͋ΔɽϕΫτϧͱͯ͠ද͢ݱΔ͜ͱͰɼ୯ޠͷ

ҙຯ΍จ๏ͳͲΛଊ͑Δ͜ͱ͕Ͱ͖ΔΑ͏ʹͳΔɽWord2Vec

Ͱ͸ɼϕΫτϧԽ͢Δࡍʹ෼ࢄදݱΛ͜͏࢖ͱͰ࣍ݩΛѹॖ͢

Δ͜ͱ͕Ͱ͖Δɽ͜ΕΛ༻͍Δ͜ͱͰɼը૾ʹରԠ͢ΔΩϟϓ

γϣϯ͔Β࠷దͳྨࣅ୯ޠΛ͚ͭݟΔ͜ͱ͕Ͱ͖Δɽ

͔͠͠Word2VecʹΑΔྨࣅ୯ޠͰ͸ɼͦͷੑ্࣭ɼશ͘ٯ

ͷҙຯͰ΋ྨࣅ౓͕͘ߴͳͬͯ͠·͏ͱ͍͏໰୊͕͋Δɽͦ͜

ͰWord2VecʹՃ͑ɼϨʔϕϯγϡλΠϯڑ཭ΛଌΔ͜ͱͰ໰

୊Λղܾ͢Δɽ

ϨʔϕϯγϡλΠϯڑ཭ͱ͸୯ޠಉ࢜ͷྨࣅ౓ΛଌΔ਺஋Ͱ

͋Γɼ͋Δจ͔ྻࣈΒ໨తͷจྻࣈ΁ͷฤूڑ཭ͷ͜ͱͰ͋Δɽ

ฤूڑ཭ͱ͸ɼ͋Δจ͔ྻࣈΒ໨తͷจྻࣈʹม͢ܗΔ·Ͱͷ

ճ਺ͷ͜ͱͰ͋ΔɽWord2VecͱϨʔϕϯγϡλΠϯܗখม࠷

Δɽ͚ͭݟΛޠ୯ࣅऴతͳྨ࠷཭Λ૊Έ߹Θͤɼڑ

4. 2. 2 ෳ਺ग़͢ݱΔ෦෼άϥϑͷू໿

ෳ਺ग़͢ݱΔ෦෼άϥϑͷ࡟আʹ͸ɼ্ Ͱઆ໌ͨ͠Word2Vec

ͱϨʔϕϯγϡλΠϯڑ཭Λར༻͢Δɽ·֤ͣγʔϯάϥϑʹ

ରͯ͠ head − edge − tail ͷಉ࣌ग़ݱ਺ΛҎԼͷࣜ 6ͰٻΊɼ

Ұఆճ਺Ҏ্ग़ͨ͠ݱ৔߹ʹ·ͱΊΔɽ

M(t, i) =
∑

x∈E

τ(i)P (x, t) (6)

֤γʔϯάϥϑ಺ͰCҎ্ͷग़ݱճ਺Ͱ͋ͬͨ head−edge−
tailͷϖΞʹରͯ͠ɼ෦෼άϥϑΛ·ͱΊΔۀ࡞Λߦͳ͏ɽࣜ

7Λຬͨ͢৔߹ headΛม͠ܗɼຬͨ͞ͳ͍৔߹͸ head͸มܗ

ͤͣɼ෦෼άϥϑͷ·ͱΊ͚ͩߦͳ͏ɽࣜ 7Ͱ͸Word2Vecͱ

ϨʔϕϯγϡλΠϯڑ཭Λ૊Έ߹Θͤɼ࠷దͳྨࣅ୯ޠ΁ͷม

ͳ͍ͬͯΔɽߦΛܗ

͜͜ͰɼLD ͱ͸ϨʔϕϯγϡλΠϯڑ཭ΛٻΊΔؔ਺Ͱ͋

ΓɼWV ͱ͸Word2Vec Ͱͷྨࣅ౓ΛٻΊΔؔ਺Ͱ͋Δɽ·

ͨɼxʹ͸೚ҙͷ head͕౰ͯ͸·Γɼtʹ͸ྨࣅ౓ΛٻΊΔର

৅Ͱ͋ΔಉҰγʔϯάϥϑ಺ͷ Objects͕౰ͯ͸·Δɽ

(LD(x, t) <= 3) ∧ (WV (x, t) > 0.4) (7)

ͦͷޙɼ·ͱΊͨ෦෼άϥϑΛݩͷ৔ॴʹஔ͢׵Δɽඞཁͳ

৔߹͜ΕΛؼ࠶తʹߦͳ͍ɼ؆ܿͳγʔϯάϥϑΛੜ੒͢Δɽ

5 ධ Ձ ࣮ ݧ

5. 1 σʔληοτ

ຊڀݚͰ͸ɼσʔληοτͱͯ͠ Krishna ΒʹΑͬͯ࡞

੒͞Εͨ Visual Genome [14] ͱ Lin ΒʹΑͬͯ࡞੒͞Εͨ

MSCOCO(Microsoft Common Objects in Context) [15]Λ࢖

༻͢ΔɽͦΕͧΕͷσʔληοτͷಛ௃ʹ͍ͭͯड़΂ɼ࣮ݧલ

ͳ͏લॲཧʹ͍ͭͯઆ໌͢Δɽߦʹ

5. 1. 1 Visual Genome

Visual Genome [14] ͸ɼ108,077 ຕͷը૾ؚ͕·Ε͓ͯΓɼ

֤ը૾ʹγʔϯάϥϑ͕෇༩͞Ε͍ͯΔσʔληοτͰ͋Δɽ

ͭ·Γ֤ը૾͝ͱʹɼը૾தʹؚ·ΕΔ෺ମ (Objects)ɼ෺ମ

ʹ෇ଐ͢Δଐੑ (Attributes)ɼ2ͭͷ෺ମϖΞؒͷؔੑ܎ (Re-

lationships) ͕෇༩͞Ε͍ͯΔɽObjects ʹ͸֤ը૾தʹؚ·



ΕΔ෺ମ໊ͱ෺ମྖҬ͕ɼAttributesʹ͸֤෺ମຖʹ৭΍ܗঢ়

ͷଐੑ৘ใ͕ɼRelationships ʹ͸෺ମϖΞؒͷؔੑ܎৘ใ͕

ؚ·ΕΔɽಛఆͷখྖҬʹରͯ͠Ωϟϓγϣϯ͕෇༩͞Εͯ

͍Δ͕ɼը૾શମͷΩϟϓγϣϯ͸෇༩͞Ε͍ͯͳ͍ɽVisual

Genome͸ɼγʔϯάϥϑΛ༻͍Δ༻͍ͳ͍ʹؔΘΒͣɼଟ͘

ͷڀݚ [1], [9]?[11], [16]Ͱར༻͞Ε͍ͯΔσʔληοτͰ͋Δɽ

5. 1. 2 MSCOCO(Microsoft Common Objects in Con-

text)

MSCOCO [15] ͸ Microsoft ʹΑͬͯఏ͞ڙΕɼ໿ 330,000

ຕͷը૾ΛؚΈɼ֤ը૾ʹΩϟϓγϣϯ͕෇͍͍ͯΔσʔλ

ηοτͰ͋Δɽ֤ը૾ʹ͖ͭฏۉ 5 ͭͷΩϟϓγϣϯ͕෇༩

͞Εɼ෺ମ໊ͱ෺ମҐஔ͕ৄࡉʹࣔ͞Ε͍ͯΔɽը૾ʹରͯ͠

෺ମͷྖҬ͕ࣔ͞Εɼը૾ӈԼͷϘτϧͷΑ͏ͳখ͍͞෺ମ

ʹ΋ରԠ͍ͯ͠ΔɽͦͷͨΊɼ͜ͷσʔληοτ͸ଟ͘ͷը૾

ೝࣝ [17]΍ը૾Ωϟϓγϣϯੜ੒ [8], [18]ͷڀݚʹར༻͞Εͯ

͍Δɽ

5. 1. 3 લ ॲ ཧ

ධՁ࣮ݧͰ࢖༻͢Δσʔληοτͷલॲཧʹ͍ͭͯઆ໌͢Δɽ

֤ը૾ʹରͯ͠ɼγʔϯάϥϑͱΩϟϓγϣϯ͕෇༩͞Ε͍ͯ

ΔσʔληοτΛ࢖༻͢ΔͨΊɼVisual GenomeͱMSCOCO

ΛՃ࡞ͯ͠޻੒͢Δɽ

Visual Genome ʹ͸֤ը૾ʹରͯ͠ ObjectsɼAttributesɼ

Relationshipsؚ͕·Εͨγʔϯάϥϑ͕෇༩͞Ε͍ͯΔ͕ɼը

૾શମʹରͯ͠ͷΩϟϓγϣϯ͸෇༩͞Ε͍ͯͳ͍ɽ൓ରʹɼ

MSCOCO ʹ͸ෳ਺ͷৄࡉͳΩϟϓγϣϯ͕෇༩͞Ε͍ͯΔ

͕ɼγʔϯάϥϑʹؚ·ΕΔ৘ใ͸ͳ͍ɽ͜ΕΒͷ໰୊Λղܾ

͢ΔͨΊɼ2ͭͷσʔληοτΛ༻͍ͯ৽ͨͳσʔληοτΛ

੒͢Δɽ࡞

Visual Genome ಺ͷ͍͔ͭ͘ͷը૾͸ɼFlickr [19] ͱ

MSCOCO ͔Βऩू͞Ε͍ͯΔɽͦ͜Ͱ Visual Genome ͱ

MSCOCOʹڞ௨͢Δը૾ͷΈΛ࢖༻͢Δ͜ͱͱͨ͠ɽڞ௨ͷ

ը૾Λऩूͨ݁͠Ռɼ51,498 ຕͷը૾Λऩू͢Δ͜ͱ͕Ͱ͖

ͨɽ͜ΕΒͷը૾ʹ͸ɼγʔϯάϥϑͱฏۉ 5ͭͷΩϟϓγϣ

ϯ͕෇༩͞Ε͍ͯΔɽલॲཧͷ݁ՌΛҎԼͷද 1ʹࣔ͢ɽ

ද 1 લॲཧޙͷσʔληοτͷ಺༰

શͯ ࿅܇ ςετ

ը૾ຕ਺ 51,498 36,048 15,450

γʔϯάϥϑͷ૯਺ 51,498 36,048 15,450

ϊʔυͷ૯਺ 1,813,241 1,269,347 543,894

Τοδͷ૯਺ 1,110,813 777,126 333,687

ϢχʔΫͳϊʔυͷ૯਺ - 48,879 27,427

ϢχʔΫͳΤοδͷ૯਺ - 265,780 132,799

ද 1ʹࣔ͢௨Γɼ܇࿅ը૾ͱςετը૾ʹ͍ͭͯ͸ɼશ 51,498

ຕͷ͏ͪ 7ׂͷ 36,048ຕΛ܇࿅ը૾ɼ3ׂͷ 15,450ຕΛςε

τը૾ͱͨ͠ɽҎ߱͸ɼ܇࿅ը૾Ͱ࣮ݧΛߦͳ͍ɼςετը૾

ͰධՁΛߦͳ͏ɽ·ͨը૾ຖʹͻͱͭͷγʔϯάϥϑ͕෇༩͞

Ε͍ͯΔ͜ͱ͔Βɼγʔϯάϥϑͷ಺༁΋ը૾ຕ਺ͱಉ౳Ͱ͋

Δɽදͷʮϊʔυͷ૯਺ʯʹ ͍ࣔͯ͠Δͷ͸ Visual Genomeʹ

ؚ·Ε͍ͯΔObjectsͱ Attributesͷ৘ใͰ͋Γɼ஋ΛݟΔͱ

ը૾ 1ຕʹ͖ͭ໿ 35ͷϊʔυ৘ใ͕෇༩͞Ε͍ͯΔ͜ͱ͕Θ

͔Δɽಉ༷ʹɼදͷʮΤοδͷ૯਺ʯΛݟΔͱ֤ը૾ʹ͖ͭ໿

21ͷΤοδ৘ใ͕෇༩͞Ε͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼϢχʔ

Ϋͳϊʔυͷ૯਺ͱϢχʔΫͳΤοδͷ૯਺ͱ͍͏ͷ͸ɼͦΕ

ͧΕͷॏෳ͢ΔϊʔυͱΤοδΛ࡟আͨ͠૯਺ͷ͜ͱͰ͋Δɽ

5. 2 ຊ࣭తͳҙຯߏ଄ͷநग़

લॲཧΛߦͳͬͨσʔληοτΛݩʹͯ͠ɼຊ࣭తͳҙຯߏ

଄நग़͢ΔͨΊͷ࣮ݧΛߦͳ͏ɽຊઅͰ͸ɼ4.1Ͱࣔͨ͠ख๏

ͷ݁ՌΛࣔ͢ɽݧͳ͍ɼ࣮ߦΛݧ࣮͍ͯͮجʹ

લॲཧ͞Εͨσʔληοτʹ͓͍ͯɼγʔϯάϥϑG = (O,E)

ʹ͓͚Δ E ͷग़ݱස౓Λ֬ೝ͢Δɽ͜ͷۀ࡞͸܇࿅σʔληο

τʹ͓͍ͯͷΈߦͳ͍ɼ݁ՌΛྀͯ͠ߟςετσʔληοτʹ

൓өͤ͞ΔɽҎԼʹɼࣜ 2Λ܇࿅σʔληοτ 36,048ຕʹର

ͳͬͨ݁ՌΛࣔ͢ɽߦͯ͠

·ͣɼࣜ 2ʹ͓͍ͯ I ͸܇࿅ը૾ͷ૯਺Ͱ͋Δ 36,048ͱͳ

ΓɼE ͸ݸʑͷγʔϯάϥϑຖͷ head − edge − tail ͷϖΞ

ͷ਺Ͱ͋Δɽ࣮ࡍʹ head− edge− tailͷग़ݱස౓Λͨ͠ࢉܭ

݁Ռɼग़ݱճ਺͕ 5ճҎԼͷ head− edge− tail͸ 247,931Ͱ

࿅σʔλʹؚ·ΕΔϢχʔΫͳΤοδ਺ͷ܇ 93.3ˋͰ͋ͬͨɽ

࿅σʔλͷதͰҰ൪ଟ͔ͬͨʮclouds܇ in skyʯͷग़ݱճ਺͸

4,438ճͰ͋Γɼ܇࿅σʔλͷதͰ΋ head− edge− tail ͷग़

ճ਺ʹ͸େ͖ͳ͕ࠩ͋Δ͜ͱ͕Θ͔Δɽݱ

ද 2 ग़ݱճ਺͕ଟ͍ head− edge− tail ͷྫ

head− edge− tail ग़ݱճ਺

clouds in sky 4,438

window on building 3,536

man wearing shirt 3,107

sign on pole 1,144

window on train 1,144

ද 2ʹग़ݱճ਺͕ଟ͍ head− edge− tailͷྫΛࣔͨ͠ɽද

͔ΒΘ͔ΔΑ͏ʹɼ໌ Β͔ʹग़ݱճ਺ͷଟ͍ head− edge− tail

͸ɼը૾தͷഎܠʹ౰ͨΔΑ͏ͳɼը૾಺༰ʹ͋·Γ͕ؔ܎ͳ

͍ͱ͑ߟΒΕΔ΋ͷ͕ଟ͍ɽͦͷͨΊࢲ͸ɼ͋ΔҰఆͷ஋Λ௒

͑ͨग़ݱճ਺Λ࣋ͭ head− edge− tail͸ɼը૾ͷຊ࣭తͳҙ

ຯߏ଄Λநग़͢Δ্Ͱඞཁ͕ͳ͍ͱͨ͑ߟɽ

ग़ݱճ਺͕ 5ճҎԼͷ head−edge−tail͕σʔλதͷ 93.3ˋ

Λ઎ΊΔͱ͍͏݁Ռ͔ΒɼࠓճͷධՁ࣮ݧͰ͸ग़ݱճ਺ 5 ճ

Λϕʔεͱ࣮ͯ͠ݧΛߦͳ͏͜ͱͱͨ͠ɽग़ݱճ਺Λௐ΂ͨ݁

Ռɼग़ݱճ਺ 10ճҎԼͰ 96.8ˋɼ100ճҎԼͰ 99.8ˋͱͳͬ

ͨͨΊɼධՁ࣮ݧͰ͸ग़ݱճ਺ 6ճҎ্ͷ΋ͷΛ࡟আ͢Δ͜ͱ

Ͱे෼ͩͱ൑அͨ͠ɽ

͞Βʹಉ࣌֬཰ʹΑΔग़ݱස౓͚ͩͰ͸ͳ͘ɼ৚݅෇͖֬཰

ʹΑΔग़ݱස౓ʹ͍ͭͯ΋৮ΕΔɽhead− edge− tail ͷશͯ

͕ಉҰͷ৔߹ͷΈ࡟আΛߦͳ͓͏ͱ͕ͨ͠ɼ͜ΕͰ͸ͻͱͭͷ

γʔϯάϥϑ಺Ͱ 6 ճҎ্ग़ͨ͠ݱϖΞ΍ɼগ਺ͷը૾Ͱෳ

਺ճग़ͨ͠ݱϖΞΛ࡟আͯ͠͠·͏͜ͱʹͳΔɽ͔͠͠ɼͦΕ

Β͸Ռͨͯ͠ຊ࣭తͰͳ͍ͱ͑ݴΔͩΖ͏͔ɽΉ͠Ζը૾ͷಛ

௃Λද͍ͯ͠ΔՄೳੑ΋େ͖͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼࣜ 4ͱ



ࣜ සݱɼ֤γʔϯάϥϑ಺ͷϊʔυͱΤοδͷग़͍ͯͮجʹ5

౓ΛٻΊɼΤοδ઀ଓ਺͕ 4 Ҏ্ͷϊʔυ͸࡟আΛߦͳΘͳ

͔ͬͨɽ

ຊઅͰߦͳ͏ධՁ࣮ݧͰ͸ɼ্Ͱࣔͨ͠࡟আ͢΂͖ର৅Λς

ετσʔληοτʹରͯ͠ద༻͠ɼγʔϯάϥϑͷมԽΛ͔֬

ΊΔɽݩͷγʔϯάϥϑͱख๏ద༻ޙͷγʔϯάϥϑͷൺֱͷ

Ұ෦Λਤ 7ʹࣔ͢ɽશͯͷϊʔυͱΤοδΛͤࡌΔ͜ͱ͸೉͠

͍ͷͰɼมԽ͕͖ͨى෦෼ͷάϥϑΛࣔ͢ɽ

ਤ 7 ຊ࣭తͳҙຯߏ଄ͷநग़࣮ݧʹΑΓੜ੒͞Εͨγʔϯάϥϑͷ

ൺֱ

ਤ 7Ͱ͸γʔϯάϥϑͷҰ෦͔ͤ͠ࡌΔ͜ͱ͕Ͱ͖͍ͯͳ͍

͕ɼ͜͜Ͱࣔͨ͠΋ͷΛݟΔ͚ͩͰ΋ɼແବͳΤοδ͕࡟আͰ

͖͍ͯΔ͜ͱ͕Θ͔Δɽ΋ͪΖΜશ্͕ͯख͍͍ͬͯ͘ΔΘ͚

Ͱ͸ͳ͍͕ɼ࣮ࡍʹ݁ՌΛݟΔͱޮՌతʹ࡞༻͍ͯ͠Δͱ͑ߟ

ΒΕΔɽ

5. 3 ෳ਺ग़͢ݱΔཁૉͷධՁ

࣍ʹɼෳ਺ճग़͢ݱΔΤοδͷݕ౼Λߦͳ͏ɽ4.2Ͱࣔͨ͠

ఏҊख๏ʹ͍ͯͮجɼෳ਺ճग़͢ݱΔ෦෼άϥϑʹ͍ͭͯͷ࣮

Λ͠ɼ݁ՌΛධՁ͢Δɽݧ

ࣜ ͳ͏ɽ·ͣςετσʔληοߦΛݧɼҎԼͷ࣮͍ͯͮجʹ6

τʹରͯ͠ɼγʔϯάϥϑ಺ʹෳ਺ग़͢ݱΔ head− edge− tail

ͷϖΞͷग़ݱճ਺ΛٻΊɼͦΕΒʹରͯ͠ఏҊख๏Λద༻͢Δɽ

෦෼άϥϑͷ headʹରͯ͠ɼWord2VecͱϨʔϕϯγϡλΠ

ϯڑ཭Λ૊Έ߹ΘͤɼରԠ͢ΔΩϟϓγϣϯ͔Β࠷΋ྨࣅ౓ͷ

Λൈ͖ग़͢ɽޠ୯͍ߴ

ਤ 8Ͱ͸ɼਤ 7ͱಉ༷ʹ݁ՌͷҰ෦Λࣔ͢ɽਤΛͯݟ΋Θ͔

Δ௨Γɼ্ख͘ஔ׵ग़དྷͨ΋ͷͱग़དྷͳ͔ͬͨ΋ͷ͕ଘͨ͠ࡏɽ

ਤ 8 ෳ਺ग़͢ݱΔཁૉͷ·ͱΊ࣮ݧʹΑΓੜ੒͞Εͨγʔϯάϥϑ

ͷൺֱ

݁ՌΛ֬ೝͨ͠ͱ͜Ζɼboy΍ girlͳͲͷ୯ޠ͸্ख͍͔ͣ͘ɼ

book ΍ newspaper ͳͲ͸ൺֱత͍ߴਫ਼౓Λ͍ࣔͯͨ͠ɽboy

΍ girl͸ɼͦΕͧΕͷෳ਺ܗͰ͋Δ boys΍ girlsΑΓ΋ɼkid

΍ childͳͲͷํ͕ྨࣅ౓͕͘ߴͳ͍ͬͯͨɽ͔͠͠શମΛ௨

ͳ͔ͬͨɽ͜Ε͸Word2Vec͑ݴͱ͸͍ߴΔͱɼਫ਼౓͕ݟͯ͠

ʹΑΔྨࣅ౓͕ݪҼͰ͋Δͱ͑ߟΒΕΔɽ

Word2VecͰ͸ɼ୯ޠΛಉ͡ϕΫτϧۭؒʹຒΊࠐΈɼϕΫ

τϧಉ࢜ͷڑ཭΍ํ޲ʹΑͬͯྨࣅ౓ΛٻΊΔɽϕΫτϧۭؒ

΁ͷຒΊࠐΈ͸ɼ܇࿅σʔληοτʹؚ·ΕΔΩϟϓγϣϯΛ

Δ୯͍ͯࣅͳ͍ͬͯΔͨΊɼΩϟϓγϣϯ্Ͱ༻๏͕ߦ͍ͯ༺

ܗग़ྗ͞ΕΔɽ·ͨɼΩϟϓγϣϯ্ʹෳ਺͘ߴ౓͕ࣅ͸ྨޠ

ͱͯ͠ଘ͠ࡏͳ͍৔߹΍ద੾ͳ୯͕ޠଘ͠ࡏͳ͍৔߹ɼ্ख͘

ม͢ܗΔ͜ͱ͕ग़དྷͳ͔ͬͨɽͦͷͨΊɼஔ͖ͯ͑׵΋ࣗવͱ

ͳΔΑ͏ͳ୯ޠ͸্ख͍͔ͣ͘ɼஔ͖ͨ͑׵୯ޠΑΓ΋ෳ਺ܗ

ͷํ͕ࣗવͱͳΔ୯ޠ͸্ख͍ͬͨ͘ͱ͑ߟΒΕΔɽ

5. 4 ख๏ͷൺֱ݁Ռ

ͷ݁Ռʹ͍ͭͯड़΂Δɽ3.2Ͱࣔͨ͠ݧͰࣔͨ͠ධՁ࣮ه্

ධՁख๏Λݩʹɼબ୒ͨ͠ 100ͷը૾ʹ͍ͭͯ݁ՌΛൺֱ͠ɼ

ҎԼͷද 3ʹࣔ͢ɽݩͷγʔϯάϥϑΛ SGɼຊ࣭తͳҙຯߏ

଄ͷநग़ΛߦͳͬͨγʔϯάϥϑΛ SG − Eɼෳ਺ग़ͨ͠ݱ

෦෼άϥϑͷݕ౼ΛߦͳͬͨγʔϯάϥϑΛ SG − MɼͲͪ

Β΋ద༻ͨ͠γʔϯάϥϑΛ SG − E − M ͱ͢Δɽpositive

Objects਺͸ଟ͍΄Ͳྑ͘ɼnegative Objects਺͸গͳ͍΄Ͳ

ྑ͍݁ՌͱͳΔɽݩͷγʔϯάϥϑ͸શͯͷ ObjectsΛؚΜͰ

͍ΔͨΊɼͲͪΒ΋࠷େ஋ͷ 5ͱͳ͍ͬͯΔɽ



ද 3 ධՁ࣮݁ݧՌʢ஋͸ฏۉ஋Λͨ͠ࢉܭ΋ͷʣ

ϊʔυ਺ Τοδ਺ positive ਺ negative ਺

SG 35 21 5 5

SG-E 26.3 14.5 4.7 2.0

SG-M 30.1 18.2 4.9 3.8

SG-E-M 22.1 12.2 4.7 1.4

6 ߟ ࡯

ධՁ࣮ݧΛߦͳͬͨ݁Ռɼද 3ΛݟΔͱΘ͔Δ௨Γ SG-E-M

Ͱਫ਼౓্޲Λࣔ͢͜ͱ͕Ͱ͖ͨɽग़ݱස౓ʹͮ͘جΤοδͷ࡟

আʹ͓͍ͯ͸ɼෳࡶͳը૾ʹରͯ͠͸ಛʹ༗༻ੑΛࣔ͢͜ͱ͕

Ͱ͖͕ͨɼগͳ͍෺ମͰߏ੒͞Εͨ୯७ͳը૾Ͱ͸ɼਫ਼౓্޲

͕͋·ΓݟΒΕͳ͔ͬͨɽ͜Ε͸ɼଞͷը૾Ͱ͸ຊ࣭తͰͳ͍

෦෼͕ɼओཁͷཁૉͱͳ͍ͬͯΔ͜ͱ͔Β͖ͯ͠ى·ͬͨͱߟ

͑ΒΕΔɽ͔͠͠ɼݩʑγʔϯάϥϑ͸ෳࡶͳը૾಺༰Λɼ෺

ମಉ࢜ͷάϥϑߏ଄Ͱද͢͜ͱͰཧղ͠΍͘͢͢Δͱ͍͏ಛ௃

͕͋ΔͨΊɼ͜ͷ͜ͱ͸໰୊Ͱ͸ͳ͍ͱ͍ͯ͑ߟΔɽ·ͨɼಉ

࣌֬཰͚ͩͰ͸ͳ͘৚݅෇͖֬཰Λ༻͍Δ͜ͱʹΑΓɼ࡟আ͢

Δ΂͖Ͱ͸ͳ͍ϖΞΛ͜͢࢒ͱ͕Ͱ͖ͨ݁Ռ͕ɼ͍͔ͭ͘ͷα

ϯϓϧͰݟΒΕͨɽ

ಉҰͷγʔϯάϥϑ಺Ͱෳ਺ग़͢ݱΔ෦෼άϥϑͷݕ౼ʹͭ

͍ͯ͸ɼ୯ମͰ͸͋·Γ༗༻ੑΛࣔ͢͜ͱ͕Ͱ͖ͳ͔ͬͨɽݪ

Ҽͱͯ͠͸ɼΩϟϓγϣϯʹؚ·ΕΔޠኮͷ৘ใྔʹΑͬͯਫ਼

౓ʹ͕ࠩͰ͖ͯ͠·ͬͨͨΊͩͱ͑ߟΒΕΔɽΩϟϓγϣϯ্

͔Βྨࣅ୯ޠΛ͚ͭݟग़ͨ͢ΊɼΩϟϓγϣϯ্ʹଘ͠ࡏͳ

͍୯ޠʹ͸ஔ͖͑׵Δ͜ͱ͕Ͱ͖ͳ͍ɽͦͷͨΊɼྨࣅ୯ީޠ

ิ͕ᮢ஋Λ௒͑ͣɼͨͩ·ͱΊΔ͚ͩͷάϥϑ͕ଟ͔ͬͨɽ͠

͔͠ɼෳ਺ग़͍ͯ͠ݱΔ෦෼άϥϑΛ·ͱΊΔ͜ͱͰɼ؆ܿͳ

γʔϯάϥϑͱͳΔ͜ͱ͸ࣔ͢͜ͱ͕Ͱ͖ͨɽ·ͨ nagative

Objectsͷݮ࡟ʹ΋ޮՌΛ͍ࣔͯͨ͠ɽ

ͷه্ 2 ఺Λ૊Έ߹Θͤͨ݁Ռɼ؆͔ܿͭे෼ͳ৘ใྔͷ

γʔϯάϥϑ͕ੜ੒Ͱ͖Δ͜ͱΛࣔ͢͜ͱ͕Ͱ͖ͨɽ

ڍͷల๬ͱͯ͠͸ɼγʔϯάϥϑ͔Βͷը૾ੜ੒ͳͲ͕ޙࠓ

͛ΒΕΔɽຊڀݚͰఏҊͨ͠ख๏Λ༻͍Δ͜ͱͰɼΑΓը૾಺

༰ʹ͍ۙγʔϯάϥϑΛੜ੒͢Δ͜ͱ͕Ͱ͖ͨɽ͜ͷ͜ͱΑΓɼ

ҰൠతͳγʔϯάϥϑΑΓ΋؆ܿͳදݱͱͳΓɼຊ࣭తͳը૾

Λੜ੒͢Δ͜ͱ͕Ͱ͖Δͱ͑ߟΒΕΔɽ
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