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ୈ1ষ ͡Ίʹ

ը૾༰Λೝࣝ͠ը૾ใΛߏతʹཧղ͢Δ͜ͱɼίϯϐϡʔλϏδϣϯͷʹ
͓͍ͯॏཁͳ՝ͱͳ͍ͬͯΔɽը૾ใΛߏతʹཧղ͢Δͱ͍͏ͷɼը૾தʹࣔ͞
Ε͍ͯΔମಉ࢜ͷؔମͷঢ়ଶͳͲΛɼਓ͕֮ؒࢹతʹஅͰ͖Δͷͱಉʹཧղ
͢Δͱ͍͏͜ͱͰ͋ΔɽຊߘͰը૾Λߏతʹཧղ͢ΔͨΊɼը૾Ωϟϓγϣϯͱγʔ
ϯάϥϑΛ༻͍ΔɽΩϟϓγϣϯͱγʔϯάϥϑʹ͍ͭͯޙड़͢ΔɽຊষͰɼۙͷ
ը૾ೝࣝʹؔ͢Δڀݚʹ৮Εͭͭɼڀݚͷ֓ཁʹ͍ͭͯड़Δɽ
ۙɼݯࢿࢉܭͷൃୡਂֶशͷग़ݱʹΑΓɼػցֶशΛ༻͍༷ͨʑͳλεΫʹ͓͍

ͯେ͖ͳਐา͕ݟΒΕΔɽը૾ೝࣝͷʹߜΔͱɼମݕग़ [1, 2, 3, 4]γʔϯάϥϑ
[5, 6, 7, 16, 17, 18]ɼը૾Ωϟϓγϣϯੜ [11, 12, 14]ͳͲͷ͕͋ڀݚΔɽ͜ΕΒͷڀݚ
ͲΕը૾ͷཧղΛ͢ࢦ༰ͱͳ͍ͬͯΔɽମݕग़ɼը૾ใ͔ΒಛྔΛநग़͠ɼ
ը૾தͷମΧςΰϦମҐஔͳͲΛಛఆ͢ΔͰ͋Δɽը૾Ωϟϓγϣϯੜͱγʔ
ϯάϥϑʹؔͯ͠ޙड़͢Δ͕ɼ֓ཁΛड़ΔͱɼͲͪΒը૾ใΛݩʹͯ͠ҙຯߏΛ
ࣗવޠݴͰग़ྗ͢Δɽ
ը૾Ωϟϓγϣϯͱɼࣗ વޠݴͰͷը૾ใͷจઆ໌ͷ͜ͱͰ͋Δɽը૾Ωϟϓγϣ

ϯΛੜ͢Δ͜ͱΛը૾Ωϟϓγϣϯੜͱ͍ݴɼ͞ڀݚ͘Ε͍ͯΔɽը૾Ωϟϓγϣ
ϯੜͰओʹɼը૾Λೖྗͱͯࣗ͠વޠݴͷςΩετΛग़ྗ͢Δɽը૾ಛྔΛநग़͠ɼ
ͦΕΒΛೖྗͱͨ͠χϡʔϥϧωοτϫʔΫʹΑΓ୯ྻޠΛग़ྗ͠ɼը૾ΩϟϓγϣϯΛ
ੜ͢Δɽ
ը૾ΩϟϓγϣϯͷΑ͏ʹɼը૾ใΛผͷυϝΠϯͱͯ͠ଊ͑Δख๏ͱͯ͠γʔϯά

ϥϑ͕͋Δɽγʔϯάϥϑͱɼը૾தʹؚ·ΕΔମΛϊʔυͱͯͦ͠ΕΒͷؔੑΛ
ΤοδͰද͠ݱɼը૾ใΛߏతʹද͢ݱΔख๏Ͱ͋Δɽ·ͨɼγʔϯάϥϑͷੜΛߦ
ͳ͏ڀݚ͕γʔϯάϥϑੜͰ͋ΔɽγʔϯάϥϑੜͷͰɼଟ͘ͷڀݚͰը
૾ใͷΈ͔Βγʔϯάϥϑ͕ੜ͞ΕΔɽը૾ಛྔΛݩʹɼը૾ͷମʹ༩͞Ε
ͨଐੑମಉ࢜ͷؔ࿈ੑΛਪଌ͢Δ͜ͱͰγʔϯάϥϑΛੜ͢Δɽը૾Ωϟϓγϣϯ
ͱൺֱ͢Δͱɼը૾ใΛςΩετͱͯ͠ग़ྗ͍ͯ͠ͳ͍ɼը૾༰ΛཧղͰ͖͍ͯͳ
͍Α͏ʹ͡ײΔ͔͠Εͳ͍ɽ͔͠͠ɼମಉ࢜ͷؔੑΛάϥϑͱͯ͠ද͢ݱΔ͜ͱͰɼ
ςΩετදݱΑΓը૾༰Λ໌֬ʹද͢ݱΔ͜ͱ͕Ͱ͖Δͱ͍ͯ͑ߟΔɽ
Λཧղ͠Α͏ͱ͢ߏͷγʔϯάϥϑੜͰɼ্Ͱड़ͨΑ͏ʹը૾ใ͔Βࡏݱ

Δ͕ڀݚ΄ͱΜͲͰ͋Δɽ͔͠͠ը૾͔ΒಘΒΕͨใΛશͯάϥϑԽ͢ΔͨΊɼγʔϯ
άϥϑେʹͳͬͯ͠·͍ɼͦͷը૾ʹ͓͚Δॏཁͳཁૉ͕Կ͔Θ͔Βͳ͘ͳͬͯ͠·
͏ɽେͳγʔϯάϥϑͷྫΛਤ 1.1ʹࣔ͢ɽ
·ͨγʔϯάϥϑͷར༻๏ͱͯ͠ɼը૾ͷҙຯߏཧղը૾ੜͳͲ͕͛ڍΒΕΔ͕ɼ

͜ΕΒෳࡶͳγʔϯάϥϑͰޮՌతʹར༻͢Δ͜ͱ͕Ͱ͖ͳ͍ɽͦ͜Ͱɼطଘͷγʔ
ϯάϥϑͱը૾ΩϟϓγϣϯΛ༻͍Δ͜ͱͰɼΑΓਫ਼ͷ͍ߴγʔϯάϥϑΛੜ͢Δ͜
ͱΛͨ͠ࢦɽਫ਼͕͍ߴͱ͍͏ͷɼΑΓ؆ܿͳγʔϯάϥϑͰը૾ͷҙຯߏΛे
ʹද͢ݱΔ͜ͱ͕Ͱ͖Δ͜ͱΛද͢ɽ
͜ΕΛࣔͨ͢Ίɼೋͭͷख๏ΛఏҊ͢Δɽ·ͣɼը૾ͷຊ࣭తͳใநग़Ͱ͋Δɽγʔϯ

άϥϑʹ͓͍ͯɼଞͷը૾Ͱଟ͘ग़͍ͯ͠ݱΔ෦άϥϑɼಛఆͷը૾ͷಛΛදͯ͠
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ਤ 1.1: ը૾ʹؚ·ΕΔγʔϯάϥϑͷ෦ใͷྫΛࣔ͢ɽը૾ʹ͋ͯ͠هΔ S ɼ֤ը૾ʹදࣔ

ͯ͋͠Δγʔϯάϥϑͷ෦ใͷͰ͋Δɽ

͍ͳ͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼ܇࿅σʔληοτதͰҰఆҎ্ͷग़֬ݱʹୡͨ͠෦ά
ϥϑΛআ͢Δ͜ͱͰɼΑΓຊ࣭తͳγʔϯάϥϑ͕ੜͰ͖Δͱ͑ߟɼධՁ࣮ݧΛߦͳͬ
ͨɽ࣍ʹɼෳग़͢ݱΔ෦άϥϑͷूͰ͋Δɽ·ͨɼಉҰը૾Ͱෳճग़͢ݱΔ෦
άϥϑʹද͞ݱΕ͓ͯΓɼ͜͜ΛΑΓదͳ෦άϥϑʹஔ͖͑Δ͜ͱͰ؆ܿ
ͳදݱʹ͢Δ͜ͱ͕Ͱ͖Δͱͨ͑ߟɽ
γʔϯάϥϑͷվྑਫ਼Λ্ࣔ͢Ͱɼ৽ͨͳධՁख๏ΛఏҊ͢ΔɽγʔϯάϥϑɼҰ

ൠతͳ༗άϥϑແάϥϑΑΓใྔ͕ଟ͍ɽͦͷͨΊҰൠతͳάϥϑಉੑܕఆ
Ͱղ͘͜ͱ͍͠ͷͰɼγʔϯάϥϑͷվྑਫ਼Λ֬ೝ͢ΔͨΊͷ৽ͨͳධՁࢦඪ
Λಋೖͨ͠ɽ
ɼޮՌతͳ݁ՌΛࣔ͢͜ͱ͕ͯؔ͠ʹݧͷ݁Ռɼը૾ͷຊ࣭తͳใΛநग़͢Δ࣮ݧ࣮

ग़དྷͨɽଟͷը૾ʹͯ·Δ෦άϥϑΛআ͢Δ͜ͱͰɼ֤γʔϯάϥϑʹը૾
ͷಛΛΑࣔͨ͘͠ຊ࣭తͳใ͕ͨͬͱ͑ߟΒΕΔɽಉҰγʔϯάϥϑʹෳճग़
Ͱ͖ͨͱ͜Ζ͋ܗΒΕͨɽ্ख͘มݟ͕ࠩʹɼਫ਼͍ͯͭʹܗΔ෦άϥϑͷม͢ݱ
Δ͕ɼ͋·Γظͨ͠ஔ͖͕͑Ͱ͖ͳ͍͜ͱͷํ͕ଟ͔ͬͨɽ͜ΕΩϟϓγϣϯʹؚ
·Ε͍ͯΔใྔͷ͕ࠩىҼ͍ͯ͠Δͱ͑ߟΒΕΔɽධՁ࣮ݧͷ݁ՌɼશମΛ௨ͯ͠ΈΔ
ͱγʔϯάϥϑվྑ͞Ε͍ͯΔ͜ͱΛࣔ͢͜ͱ͕Ͱ͖ͨɽ
ຊߘͷߏͱͯ͠ୈ 2ষͰؔ࿈ڀݚʹ͍ͭͯड़ɼୈ 3ষͰຊڀݚͰ͏γʔϯάϥ

ϑʹ͍ͭͯઆ໌͢Δɽୈ 4ষͰఏҊख๏ʹ͍ͭͯड़ɼୈ 5ষͰఏҊख๏Λࣔͨ͢Ίʹߦ
ͳͬͨධՁ࣮ݧʹ͍ͭͯड़Δɽୈ 6ষͰධՁ࣮ݧͷ݁ՌΛ͠ߟɼୈ 7ষͰ·ͱΊͱ
͢Δɽ
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ୈ2ষ ؔ࿈ڀݚ

ຊষͰɼຊڀݚͷؔ࿈ڀݚʹ͍ͭͯड़Δɽۙଟ͘ߦͳΘΕ͍ͯΔίϯϐϡʔλϏ
δϣϯͷڀݚͷதͰɼγʔϯάϥϑͱը૾ΩϟϓγϣϯʹযΛͯઆ໌͢Δɽ͜Ε
ΒɼͲΕը૾༰Λߏతʹද͠ݱɼਓؒʹͱͬͯཧղ͘͢͢͠ΔࢼΈͰ͋Δɽγʔ
ϯάϥϑදݱɼը૾Ωϟϓγϣϯੜɼγʔϯάϥϑੜͷॱʹड़Δɽ

2.1 γʔϯάϥϑදݱ

γʔϯάϥϑͱɼը૾ͷҙຯใΛߏԽͨ͠දݱͷͻͱͭͰ͋Δɽը૾ͷதͷମ
ใɼମʹ༩͞Ε͍ͯΔଐੑใɼମϖΞؒͷؔੑใΛάϥϑߏͰද͢ݱΔɽ
γʔϯάϥϑͱͯ͠ද͢ݱΔ͜ͱͰɼը૾தͷମಉ࢜ͷؔ࿈ੑΛ໌ࣔతʹଊ͑Δ͜ͱ͕
Ͱ͖Δɽ
γʔϯάϥϑత֬ʹը૾ͷҙຯใΛදݱͰ͖Δ͜ͱ͔Βɼଟ͘ͷڀݚʹར༻͞

Ε͍ͯΔɽྫ͑ɼදతͳͷͱͯ͠ը૾࣭Ԡ [5]ը૾ࡧݕ [6]ɼͦͯ͠ը૾ੜ [7]
ͳͲ͕͛ڍΒΕΔɽ

TeneyΒ [5]ɼVQA(Visual Question Answering)ʹରͯ͠γʔϯάϥϑΛޮՌతʹར༻
͍ͯ͠ΔɽVQAͱɼը૾༰ʹؔ͢ΔࣗવޠݴςΩετͷ࣭จʹରͯ͠ɼը૾ใΛ
༻͍Δ͜ͱͰղΛੜ͢ΔڀݚͰ͋ΔɽTeneyΒɼ࣭จͷ୯ޠͷͭͳ͕Γͱը૾
ͷ֤ମΛάϥϑߏͱͯ͠ଊ͑ɼͦΕͧΕͷରԠؔΛֶशͤ͞Δ͜ͱͰޮՌతͳ݁Ռ
ΛੜΜͩɽ
·ͨɼը૾ࡧݕͷʹ͓͍ͯ JhonsonΒ [6]͕ɼγʔϯάϥϑΛ༻͍Δ͜ͱͰ݁ࡧݕ

Ռͷ্͕Մͳ͜ͱΛ͍ࣔͯ͠ΔɽҰൠతʹը૾ࡧݕΛ͢ΔࡍʹɼٻΊ͍ͯΔը૾ͷ
ಛΛత֬ʹࣔ͢͜ͱͰ༗༻ͳ݁ՌΛಘΔ͜ͱ͕Ͱ͖Δɽ͔͠͠ɼͰ͖Δ͚ͩಛྔΛؚ
ΊΑ͏ͱจষͳͲͷෳࡶͳใΛΫΤϦͱͯ͠͠·͏ͱɼٻΊ͍ͯΔը૾ͱ͔͚Εͨ
ͷ·Ͱؚ·Εͯ͠·͏ɽͦ͜Ͱ JhonsonΒɼը૾ใΛγʔϯάϥϑͱͯ͠ଊ͑Δ͜
ͱͰɼෳࡶͳΫΤϦʹରͯ͠త֬ͳ݁ՌΛࣔ͢͜ͱ͕ग़དྷΔͷͰͳ͍͔ͱ͑ߟɼ݁Ռͱ
ͯ͠༗༻ͳਫ਼Λ͍ࣔͯ͠Δɽ
ը૾ੜͷͰɼJhonsonΒ [7]͕γʔϯάϥϑΛ༻͍͍ͯΔɽࣗવޠݴใ͔Βͷ

ը૾ੜڀݚଘ͢ࡏΔ͕ɼStackGAN[8]ͳͲʹΑΔը૾ใΛઆ໌ͨ͠ςΩετ͔Βͷ
ը૾ੜ͕ҰൠతͰ͋Δɽ͔͠͠ JhonsonΒɼγʔϯάϥϑ͔Βը૾Λੜ͢Δ͜ͱͰɼ
ΑΓߴਫ਼͔࣮ͭݱతͳը૾ΛੜͰ͖Δ͜ͱΛࣔͨ͠ɽ͜ͷ͜ͱ͔ΒɼςΩετΑΓ
γʔϯάϥϑͷํ͕ը૾ใΛత֬ʹද͢ݱΔ͜ͱ͕Ͱ͖Δͱ͑ݴΔɽ

2.2 ը૾Ωϟϓγϣϯੜ

ը૾Ωϟϓγϣϯͱɼγʔϯάϥϑͱಉ༷ʹը૾ͷҙຯใΛද͢ݱΔํ๏ͷͻͱͭ
Ͱ͋Δɽը૾ΩϟϓγϣϯͰը૾༰ΛࣗવޠݴͷςΩετͱͯ͠ද͢ݱΔɽը૾ͷҙ
ຯใΛද͢ݱΔखஈͱͯ͠ը૾Ωϟϓγϣϯੜ͕ҰൠతͰ͋ΓɼγʔϯάϥϑΑΓ
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ଟ͘ͷߦ͕ڀݚͳΘΕ͍ͯΔɽͦͷͨΊɼը૾ͷҙຯใΛཧղ͢Δखஈͱͯ͠ͷը૾
Ωϟϓγϣϯʹ৮ΕΔඞཁ͕͋Δͱ͑ߟɼຊઅͰը૾Ωϟϓγϣϯੜʹؔ͢Δڀݚ
ʹ͍ͭͯड़Δɽ
ը૾Ωϟϓγϣϯੜʹؔ͢Δڀݚʹ͍ྺ͕࢙͋Γɼ͜͜ͰڻҟతͳਐาΛݟ

͍ͤͯΔɽਐาΛ͑ࢧΔཁҼͱͯ͛͠ڍΒΕΔͷ͕ਂֶशͰ͋ΔɽͦΕΒͷڀݚʹ͓͍
ͯఏҊ͞Ε͍ͯΔख๏ͰɼҰൠతʹ CNN(Convolutional Neural Network)[9]Λͯͬը
૾ಛΛநग़͠ɼRNN(Reccurent Neural Network)[10]ΛͯͬςΩετΛੜ͢ΔɽCNN
RNNਂֶशΛ༻͍ͨख๏Ͱ͋Γɼը૾ೝࣝࣗવޠݴॲཧʹؔ͢ΔҎલͷख๏ͱൺ
ਫ਼Λ͍ࣔͯ͠Δɽ͍ߴֱͯ͠

VinyalsΒ [11]ʹΑΔڀݚͰɼը૾Ωϟϓγϣϯੜͷදతͳख๏Ͱ͋ΔCNNͱRNN
Λ༻ͨ͠ख๏Λ༻͍͍ͯΔɽCNNͰநग़ͨ͠ը૾ಛΛ RNNʹೖྗ͢Δ͜ͱͰɼը૾
ใΛࣗવޠݴͷςΩετͱͯ͠ग़ྗ͢Δɽ

CNNͰը૾ಛΛநग़͢Δࡍʹը૾ΛۉҰͷάϦουʹ͚Δͷ͕Ұൠత͕ͩɼAn-
dersonΒ [12]ɼମʹযΛͯಛநग़Λ͢Δ͜ͱΛఏҊͨ͠ɽମͳͲͷಛతͳ
ྖҬʹযΛͯΔ͜ͱͰɼAttention[13]ͱݺΕΔޮ͕ߏػࢉܭՌతʹಇ͘ɽ͜Εɼ
ମʹணͯͦ͠ΕΒͷؔੑΛߏతʹද͢γʔϯάϥϑͱ͍ͯࣅΔɽAndersonΒͷڀݚ
ͰݸʑͷྖҬ͝ͱͷϥϕϧར༻͍ͯ͠ͳ͍͕ɼ͜ΕΒͷϥϕϧΛར༻͢Δ͜ͱͰγʔ
ϯάϥϑ࡞͞ΕΔɽ
·ͨۙͰɼࢣڭͳֶ͠शʹΑΔը૾Ωϟϓγϣϯੜͷڀݚ [14]͞Ε͍ͯΔɽFeng

ΒͷڀݚͰɼը૾ͱΩϟϓγϣϯͷϖΞσʔληοτΛඞཁͱͤͣɼGAN(Generative
Adversarial Network)[15]ͷΑ͏ʹੜثͱࣝผثΛར༻ͯ͠ΩϟϓγϣϯΛੜ͢Δɽڭ
ͳֶ͠शͰɼΩϟϓγϣϯΛੜ͢Δ্Ͱը૾શମΑΓಛతͳମͷใ͕ॏཁࢣ
ͱͳΔͨΊɼਫ਼ͷ͍ߴΩϟϓγϣϯΛੜ͢Δʹମಉ࢜ͷؔ࿈ੑΛҙࣝ͢Δ͜ͱ͕
ॏཁͱͳΔɽ

2.3 γʔϯάϥϑੜ

ը૾Ωϟϓγϣϯͱಉ༷ʹɼγʔϯάϥϑΛੜ͢Δख๏ൃୡ͖͍ͯͯ͠Δ [16, 17, 18]ɽ
͔͠͠ը૾Ωϟϓγϣϯੜͱൺֱ͢Δͱྔগͳ͘ɼ·ͩ·ͩൃలͷՄੑ͕͍ͯͬ
Δͱ͑ߟΒΕΔɽ
ମೝࣝͷ߹ɼঢ়͍ͯࣅ͕گΔ 2ຕͷը૾Λݟ͚Δ͜ͱ͍͠ɽྫ͑ɼʮਓʯͱ

ʮഅʯ͕ԣʹฒΜͰ͍Δը૾͕ 2ຕ͋Δͱ͢ΔɽҰํਓ͕അʹΖ͏ͱ͍ͯ͠Δͱ͜ΖͰɼ
͏Ұํਓ͕അʹӤΛ৯͍ͤͯ͞Δͱ͜Ζͩͬͨͱͯ͠ɼମೝࣝͷ݁Ռͱͯ͠
ʮਓʯͱʮഅʯͱ͍͏ใ͔͠ಘΔ͜ͱ͕ग़དྷͳ͍ɽͦ͜ͰXuΒ [16]ɼCNNͱRPN(Region
Proposal Network)[3]ʹΑͬͯಘΒΕͨྖҬใ͔ΒάϥϑߏΛਪ͢Δ͜ͱͰɼମؒ
ͷؔΛΑΓ໌ࣔతʹࣔ͢͜ͱ͕Ͱ͖Δͱͨ͑ߟɽ
γʔϯάϥϑͷੜʹ͓͍ͯॏཁͳͷɼਖ਼֬ʹମΛೝࣝ͢Δ͜ͱͱɼମಉ࢜ͷؔ

ੑΛਪଌ͢Δ͜ͱͰ͋ΔɽLiΒ [17]ը૾ಛΛநग़͢Δࡍʹɼྖ ҬಛɼϑϨʔζಛɼ
ମಛΛͦΕͧΕநग़͢Δ͜ͱͰߴਫ਼ͳγʔϯάϥϑੜΛͨ͠ࢦɽMSDN(Multi-level
Scene Description Network)ͱݺΕΔख๏Ͱɼ༷ʑͳྖҬαΠζͰը૾ಛΛநग़͢Δ͜
ͱʹΑͬͯɼΑΓը૾Λཧղ͢Δ͜ͱ͕Ͱ͖Δͱ͍͏͜ͱΛࣔͨ͠ɽ
ΑΓάϥϑߏʹযΛͯͨͷ YangΒ [18]ͷڀݚͰ͋ΔɽYangΒγʔϯάϥϑ

Λ࡞͢Δࡍʹɼશͯͷೝࣝͨ͠ମΛάϥϑͷϊʔυͱ͠ɼͦΕΒશͯʹରͯ͠ΤοδΛ
݁Μͩɽ͔ͦ͜Βମಉ࢜ͷؔ࿈Λֶश͠ɼ࠷ऴతʹؔ࿈ੑͷ͍ߴϊʔυಉ࢜Λ݁Μͩ
γʔϯάϥϑ͕ੜ͞ΕΔɽYangΒؔ࿈ΛٻΊɼͦͷ݁ՌʹԠͯ͡ΤοδͷΈΛΓ
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औ͍ͬͯͬͨɽ͔͠͠ɼମͱͯ͠ೝࣝ͞Εͨͱͯ͠ɼը૾ใΛత֬ʹද͢ͷʹඞཁ
ͷͳ͍ϊʔυ͋Δͱ͑ߟΒΕΔɽͦ͜Ͱɼମಉ࢜ͷؔ࿈ͷ͍Τοδ͚ͩͰͳ͘ɼ
ը૾ʹରͯ͠ͷؔ࿈ͷ͍ϊʔυΓऔΔ͜ͱʹΑͬͯɼΑΓత֬ʹը૾ใΛද͢
͜ͱΛ͢ࢦɽ
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ୈ3ষ γʔϯάϥϑ

ຊষͰɼຊ͍͓ͯʹڀݚ༻͢Δγʔϯάϥϑʹ͍ͭͯड़Δɽγʔϯάϥϑͷಛ
ͱͱʹɼຊڀݚͰఏҊ͢ΔγʔϯάϥϑͷධՁख๏ʹ͍ͭͯઆ໌͢Δɽ

3.1 γʔϯάϥϑͱ

ຊڀݚͰɼը૾ͷҙຯใΛߏతʹཧղ͢ΔͨΊʹγʔϯάϥϑΛ༻͍Δɽຊڀݚ
ʹ͓͚ΔγʔϯάϥϑͰɼମใΛObjectsɼମͷଐੑใΛAttributesɼମϖΞ
ؒͷؔੑΛ RelationshipsͰද͢ɽ
γʔϯάϥϑͷྫΛਤ 3.1ʹࣔ͢ɽਤͷӈଆʹࣔ͞Ε͍ͯΔͷ͕ɼࠨͷը૾ʹରԠ͢Δ

γʔϯάϥϑͷҰྫͰ͋Δɽ͜ͷྫͰɼObjectsͱ͠ ʮͯwomanʯʮbusʯʮtruckʯʮbicycleʯ
͕ࣔ͞Ε͍ͯΔɽʮwomanʯΛྫͱͯ͠ݟΔͱ Attributesɼҥͷ৭Ͱ͋Δʮgreenʯ
ʮblackʯ͕༩͞Ε͍ͯΔɽ·ͨObjectsؒͷRelationshipsɼʮwomanʯͱʮbicycleʯΛ
ΒΕΔɽ͛ڍΔʮridingʯͳͲ͕͍ͯ͛ܨ

ਤ 3.1: ͞ΕͨγʔϯάϥϑͷҰྫͰ͋Δɽը૾͔Βମ࡞ʑͷը૾Ͱ͋Γɼӈ͕ը૾͔Βݩ͕ࠨ
Λೝࣝ͠ɼͦΕͧΕͷؔੑͱମͷଐੑΛάϥϑߏͰද͍ͯ͠ݱΔɽਤͷγʔϯάϥϑͰɼೝ

ࣝ͞ΕͨମใͰ͋Δ ObjectsΛ੨৭ɼମͷଐੑใͰ͋Δ AttributesΛԫ৭ɼମಉ࢜ͷؔ
Ͱ͋Δੑ RelationshipsΛ৭Ͱ͍ࣔͯ͠Δɽ

ຊڀݚʹ͓͚ΔγʔϯάϥϑͷఆٛΛࣔ͢ɽຊߘͰɼγʔϯάϥϑΛG = (O, E)Ͱද
͢ɽOάϥϑͷϊʔυΛද͠ɼEΤοδΛද͢ɽ͜͜ͰOͱObjectsͷू߹Ͱ͋Γɼ
O = {o1, o2, ..., on}ͱͳΔɽ·ͨɼE ͱ ObjectsͷϖΞಉ࢜Λ݁Ϳ Relationshipsͷू߹
Ͱ͋ΓɼRelationshipsObjects − Relationships − ObjectsͷܗΛऔΔɽ͜ͷObjectsؒ
ͷRelationshipsΛΘ͔Γ͘͢͢ΔͨΊɼObjects − Relationships − ObjectsͷؔੑΛ
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head − edge − tailͱද͢ݱΔ [19]ɽͭ·ΓγʔϯάϥϑGʹ͓͍ͯɼO headͱ tailͷ
ू߹Ͱ͋ΓɼE edgeͷू߹Ͱ͋Δͱ͑ݴΔɽ

3.2 γʔϯάϥϑͷಛ

ຊઅͰɼγʔϯάϥϑͰͷදݱͷಛΛड़Δɽ
·ͣγʔϯάϥϑͷେ͖ͳಛɼ໊લͷࣔ͢௨Γը૾༰ΛάϥϑߏͰද͢ͱ͍͏

Ͱ͋Δɽਤ 3.2Ͱɼਤ 3.1ͷࠨʹࣔͨ͠ը૾ʹର͢ΔγʔϯάϥϑͷҰ෦ͱɼγʔϯάϥ
ϑʹࣔ͞Ε͍ͯΔ෦ͷΈͷΩϟϓγϣϯΛ͍ࣔͯ͠ΔɽͦΕͧΕͷObjectsɼAttributesɼ
Relationshipsͷ৭ɼγʔϯάϥϑͱΩϟϓγϣϯͰରԠ͍ͯ͠Δɽ

ਤ 3.2: ಉ͡ը૾ʹର͢ΔγʔϯάϥϑͱΩϟϓγϣϯͷൺֱΛࣔ͢ɽࠨଆ͕γʔϯάϥϑͰɼӈଆ
͕ΩϟϓγϣϯͰ͋ΔɽγʔϯάϥϑҰ෦͚ͩΛऔΓग़͠ɼΩϟϓγϣϯγʔϯάϥϑʹରԠ͠

͍ͯΔ෦Λൈ͖ग़͍ͯ͠ΔɽObjectsɼAttributesɼRelationshipsͦΕͧΕ੨৭ɼԫ৭ɼ৭Ͱ
৭͚͞Εɼ͜ͷ৭γʔϯάϥϑͱΩϟϓγϣϯͰରԠ͍ͯ͠Δɽ

ਤ 3.2ΛݟΔͱɼγʔϯάϥϑΑΓΩϟϓγϣϯͷํ͕͍͔ࡉใ·Ͱ͍ࣔͯ͠ΔΑ͏ʹ
Δͱ͍͏߹্ɼγʔϯάϥϑ্͢ݱΒΕΔɽ͔͠͠ɼ͜ΕΩϟϓγϣϯΛจষͰද͡ײ
ʹͤࡌΔ͜ͱ͕ग़དྷͳ͔ͬͨใՃ͍ͯ͠ΔͨΊͰ͋Δɽ࣮ࡍʹɼใྔ͞΄
ͲมΘΒͣɼදํݱ๏ͷΈͷҧ͍ͱ͑ݴΔɽใྔ͕มΘΒͳ͍ͱͯͬݴɼΩϟϓγϣϯ
ࣗવޠݴͷจষͰද͞ݱΕΔͨΊɼಉ͡ओ͕ޠԿݱΕͨΓɼObjectsؒͷ͕ؔੑΘ
͔Γʹ͔ͬͨ͘Γͱ͋Δɽରͯ͠γʔϯάϥϑɼෳࡶͳใΛ؆ܿͳߏʹ͢
Δ͜ͱͰɼΩϟϓγϣϯΑΓཧղ͍͢͠ͷͱͳ͍ͬͯΔɽ
ಛʹγʔϯάϥϑͷಛͱͯ͛͠ڍΒΕΔɼը૾ཧղͷ༰қ͞Ͱ͋Δɽਤ 3.2Λͯݟ

Β͑ΔͱΘ͔Δ͕ɼΩϟϓγϣϯͷํৄهʹࡉड़͞Ε͍ͯΔʹؔΘΒͣɼը૾Λ͍ࢥ
ු͔Δͱଟ༷ͳ͔ු͕ܠͿͷͰͳ͍ͩΖ͏͔ɽରͯ͠γʔϯάϥϑɼը૾ͷҙຯ
ड़͢Δ͜ͱ͕Ͱ͖ΔͷهʹΕ͍ͯΔͨΊɼը૾༰Λਖ਼֬͞ݱάϥϑͱͯ͠දʹݩΛߏ
Ͱ͋Δɽͭ·Γɼը૾͔ΒγʔϯάϥϑΩϟϓγϣϯͷมಉఔͷใྔΛͤ
ͨͱͯ͠ɼγʔϯάϥϑΩϟϓγϣϯ͔Βը૾༰ͷมʹେ͖ͳ͕ࠩग़ͯ͠·
͏ͱ͑ݴΔɽ͜ͷ͕ɼγʔϯάϥϑͷҰ൪ͷಛͱͯ͛͠ڍΒΕΔɽ
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3.3 γʔϯάϥϑͷධՁख๏

3.3.1 άϥϑߏͷධՁ

γʔϯάϥϑΛվྑ͢Δ্Ͱਫ਼ͷධՁΛ͢Δඞཁ͕͋Δ͕ɼγʔϯάϥϑͷධՁʹ
ఆ·ͬͨख๏͕ͳ͍ɽγʔϯάϥϑάϥϑߏͰ͋ΔͷͷɼҰൠతͳແάϥϑ
༗άϥϑΑΓใྔ͕ଟ͍ɽ༗άϥϑͱಉ༷ʹΤοδʹ͋Δϊʔυ͔Β͋Δϊʔ
υͷ͕͖͋ΓɼϊʔυʹՃ͑ͯΤοδʹϥϕϧ͕༩͞Ε͍ͯΔɽ͜ΕͰҰൠత
ͳάϥϑಉੑܕఆͳͲͰͷղܾ͍͠ɽ

ਤ 3.3: άϥϑಉੑܕఆͷྫΛࣔ͢ɽ͜ͷάϥϑ Gͱάϥϑ G′ ಉܕͰ͋Δͱ͑ݴΔɽ͜Ε

ΒಉͷϊʔυͱಉͷΤοδΛͪ࣋ɼͲΕಉҰͷͭͳ͕ΓํΛ͍ͯ͠ΔɽάϥϑಉੑܕΛఆ

͢Δͱ͕ͯྔࢉܭଟ͘ɼղ͘ͷ͕͍͠ɽ

ਤ 3.3ʹࣔ͢Α͏ʹɼάϥϑಉੑܕఆͱɼೋͭͷάϥϑ͕ಉ͡ܗΛ͍ͯ͠Δ͔Ͳ
͏͔Λఆ͢Δͷ͜ͱͰ͋Δɽ͜ͷ߹ͷಉ͡ܗͱ͍͏ͷɼ2ͭͷάϥϑ͕ಉͷ
ϊʔυͱಉͷΤοδΛͪ࣋ɼશͯͷϊʔυ͕ಉҰͷͭͳ͕ΓํΛ͍ͯ͠Δঢ়ଶͷ͜ͱͰ
͋ΔɽάϥϑͷಉੑܕΛఆ͢Δͱ͕ͯྔࢉܭଟ͘ɼ࣮ݱతͳؒ࣌Ͱղ͘͜ͱ
͍͠ɽ·ͨɼຊڀݚͰվྑͨ͠γʔϯάϥϑ͕ݩγʔϯάϥϑͱಉܕͰ͋Δඞཁͳ
͍ͨΊɼผͷධՁख๏Λಋೖ͢Δɽ

3.3.2 ຊڀݚͰͷγʔϯάϥϑධՁख๏

ຊڀݚͰɼγʔϯάϥϑͷվྑਫ਼ΛධՁ͢ΔͨΊʹɼ৽ͨͳධՁख๏Λಋೖ͢Δɽຊ
ʹண͢Δ͜ͱͰγʔϯάϥϑͷਫ਼Λ্͛Δ͜ͱͰ͋Δɽγʔߏͷతɼҙຯڀݚ
ϯάϥϑͷਫ਼Λ্͛Δͱɼը૾͔ΒಘΒΕΔେͳใΛશͯάϥϑʹͯ͠͠·͏͜
ͱ͔Βɼը૾ͷಛΛΑ͘ද͍ͯ͠ΔཁૉͷΈΛ؆ܿʹάϥϑʹ͢Δ͜ͱͰ͋Δɽ
ධՁख๏ͱͯ͠ɼ͍͔ͭ͘ͷཁૉΛΈ߹Θͤͨ૯߹తͳධՁʹΑͬͯਫ਼ΛٻΊΔ

͜ͱͱ͢Δɽ۩ମతʹγʔϯάϥϑͷϊʔυͷɼΤοδͷɼ͋Β͔͡Ίબͨ͠ද
Objects͕աෆͳؚ͘·Ε͍ͯΔ͔ɼҎ্ͷ 3ʹΑͬͯධՁ͢Δɽ͋Β͔͡Ίબͨ͠
දObjectsͱɼը૾༰Λ্ࣔ͢Ͱ֮ࢹతʹॏཁͩͱࢥΘΕΔObjects 5ͭͱɼը૾ʹ
ؚ·Ε͍ͯΔ͕ຊ࣭తͰͳ͍Objects 5ͭͰ͋Δɽ͜ΕΒͷObjectsʹ͍ͭͯɼҰൠ
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తʹॏཁͩͱ͑ߟΒΕΔͷΛɼຊߘͰબͨ͠ɽը૾༰Λ্ࣔ͢Ͱ֮ࢹతʹॏཁͩ
ͱࢥΘΕΔObjects 5͕ͭͲΕ͚ͩγʔϯάϥϑʹؚ·Ε͍ͯΔ͔ͱɼը૾ʹؚ·Ε͍ͯ
Δ͕ຊ࣭తͰͳ͍Objects 5͕ͭͲΕؚ͚ͩ·Ε͍ͯͳ͍͔ʹΑͬͯධՁ͢Δɽ͜ΕΒ
ͰObjects͕࠷ 10Ҏ্͋Δը૾Ͱ͔͠ධՁͰ͖ͳ͍ͨΊɼςετσʔληοτશͯͰ
ͳ͘ɼςετσʔληοτ͔Βબͨ͠ 100ͷը૾Λ͍ධՁ͢Δɽ·ͨɼਖ਼ͳධՁ
Λߦͳ͏ͨΊɼ͜ΕΒධՁ࣮ݧͷલʹ͋Β͔͡Ίબ͓ͯ͘͠ɽҎԼͷਤ 3.4ʹબͨ͠
ObjectsͷྫΛࣔ͢ɽϊʔυͷͱΤοδͷɼͲͷఔγʔϯάϥϑ͕ຊ࣭తͳใ͔
ͭ؆ܿͳදݱʹͳ͔ͬͨΛධՁ͢ΔͨΊʹ༻͍Δɽ

ਤ 3.4: ධՁͷͨΊʹબͨ͠ ObjectsͷྫΛࣔ͢ɽimageରͷը૾ɼpositiveը૾ͷಛΛ

Α͘ද͢ Objectsɼnegativeը૾ʹؚ·Ε͍ͯΔ͕ຊ࣭తͰͳ͍ ObjectsͰ͋Δɽ
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ୈ4ষ ఏҊख๏

4.1 ֓ཁ

ຊڀݚͰɼγʔϯάϥϑͱΩϟϓγϣϯใΛ༻͍Δ͜ͱͰɼΑΓྑ͍γʔϯάϥϑΛ
ੜ͢Δ͜ͱΛ͢ࢦɽຊষͰγʔϯάϥϑΛվྑ͢ΔͨΊͷख๏ΛఏҊ͢Δɽ4.2Ͱ
౷ܭతͳ؍ʹΑΓը૾ͷҙຯߏʹ͓͍ͯॏཁͳΤοδΛۃݟΊΔɽ4.3Ͱతͳද
Δɽ͜Ε͢ʹݱͳͬͯ͠·͏γʔϯάϥϑΛɼΩϟϓγϣϯΛ༻͍Δ͜ͱͰ؆ܿͳදʹݱ
ΒΛߦͳ͏͜ͱͰɼը૾ͷҙຯߏΛද͢ݱΔͷʹ؆͔ܿͭेͳγʔϯάϥϑΛੜͰ
͖Δͱͨ͑ߟɽ

4.2 ҙຯߏʹ͓͍ͯॏཁͰͳ͍Τοδͷআ

ը૾͔ΒಘΒΕΔಛʹɼը૾͕͍ࣔͯ͠ΔใΛత֬ʹද͍ͯ͠Δಛͱɼը૾ͷҙ
ຯΛ͑ߟΔ্Ͱͦ͜·ͰॏཁͰͳ͍ಛ͕͋Δͱ͑ݴΔɽਤ 4.1ͷ௨Γɼࠨͷը૾ʹࣔ͞
ΕͨྖҬͱӈʹࣔ͞ΕͨྖҬΛൺֱ͢Δͱɼը૾ͷҙຯߏΛٻΊΔ্Ͱࠨͷը૾͔Βಘ
ΒΕͨྖҬͷํ͕ॏཁͰ͋Δͱ͑ߟΒΕΔɽࠨͷը૾Ͱը૾தԝʹ͋ΔʮιϑΝʯΛɼӈ
ͷը૾ͰʮιϑΝʯͷޙΖʹ͋ΔʮϥΠτʯʹྖҬ͕ࣔ͞Ε͍ͯΔɽ͜ͷը૾ྫͷ߹ɼ
ॏཁͳཁૉͱ͑ߟΒΕΔͷʮιϑΝʯʮςʔϒϧʯʮ૭ʯʮ෦ʯͳͲ͕͛ڍΒΕΔɽͭ·
ΓӈͰࣔ͞ΕͨྖҬɼ࣮ࡍʹը૾ͷҙຯߏΛ͑ߟΔ্ͰॏཁͰͳ͍ཁૉͰ͋Δͱߟ
͑ΒΕΔɽͦ͜Ͱɼ͜ͷΑ͏ͳը૾ͷҙຯߏʹ͓͍ͯॏཁͰͳ͍ͱ͑ߟΒΕΔཁૉ͕ɼ
γʔϯάϥϑʹө͞Εͳ͍Α͏ʹ͢Δ͜ͱΛͨ͠ࢦɽ

ਤ 4.1: ҙຯߏʹ͓͚Δॏཁͳը૾ྖҬͷҰྫΛࣔ͢ɽಉ͡ը૾ʹରͯ͠ͰɼযΛ͍ͯͯΔ
ମͷҧ͍ʹΑͬͯɼը૾ใͷҙຯߏมԽͯ͘͠Δɽࠨը૾தԝʹ͋ΔʮιϑΝʯʹྖҬ͕

ࣔ͞Ε͍ͯͯɼӈޙΖʹ͋ΔʮϥΠτʯʹྖҬ͕ࣔ͞Ε͍ͯΔɽ͜ͷը૾ͷҙຯߏΛ࣌ͨ͑ߟɼ

ॏཁͱͳΔͷࠨͷʮιϑΝʯͰ͋Δͱ͑ߟΒΕΔɽ
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͜ͷΑ͏ͳը૾ͷҙຯߏʹ͓͍ͯɼॏཁͰͳ͍ΤοδΛআ͢ΔʹͲ͏͢ΕΑ͍ͩ
Ζ͏͔ɽ͜ͷΛղܾ͢Δʹɼը૾͔Βೝࣝ͞Εͨ ObjectsͱͦΕΒͷ Relationships
ʹ͓͍ͯɼଟͷը૾ʹ͓͍ͯग़ݱසͷ͍ߴͷॏཁͰͳ͍ͷͰͳ͍͔ͱ͑ߟΒ
ΕΔɽ͞ΒʹɼͦΕΒͷग़֬ݱʹΑΔख๏ͷྨΛߦͳͬͨɽ

ਤ 4.2: ը૾͔ΒಘΒΕΔ head − edge − tailͭࡾͷҰྫɽಉҰͷObjectsಉ৭Ͱࣔ͠ɼObjects
ؒͷӈ͖ҹRelationshipsΛද͢ɽͭ·ΓObjects͕ϊʔυɼRelationships͕Τοδͷάϥϑ
ͱͳ͍ͬͯΔɽߏ

4.2.1 ಉ֬࣌ʹΑΔॏཁͷ͍Τοδͷআ

ਤ 4.2ͰɼಉҰը૾͔ΒಘΒΕΔෳͷ head − edge − tailͷͭࡾͷҰ෦Λྻͯ͠ڍ
͍Δɽ͜ͷਤΛݟΔͱΘ͔Δ௨Γɼhead − edge − tailͦͷը૾ͷಛΛ໌֬ʹදͭ͢ࡾ
͋Εɼଞͷը૾ʹ͓͚Δಉ͡Α͏ͳޫܠΛදͭ͢ࡾଘ͢ࡏΔɽਤ 4.2ʹࣔ͞Ε
͍ͯΔྫͰ͑ݴɼpillow − on − couchɼͨͩ෦ʹιϑΝ͕ஔ͍ͯ͋Δ͚ͩͰͳ͘ɼ
ιϑΝͷ্ʹປ͕͋ΔΛ໌͍ࣔͯ͠Δɽ͜Εը૾ͷಛΛද͢ͱͯͬݴΑ͍ͩΖ͏ɽ
͔͠͠ɼରʹ couch − on − floorͳͲը૾ͷಛΛ্ࣔ͢Ͱɼ͋·ΓॏཁͰͳ͍ͷͰ
ͳ͍͔ͱ͑ߟΒΕΔɽͦͷཧ༝ͱͯ͠ɼιϑΝͷใ͕ଞͰࣔ͞Ε͍ͯͨ߹ιϑΝ
͕চʹ͋Δͷવͱͯ͑͠ߟΒΕΔɼιϑΝ͕͋Δը૾ͨ͘͞Μ͋ΔͷͰߋʹਂ
͍ใͰͳ͍ͱҙຯ͕ͳ͍ͳͲ͕͛ڍΒΕΔɽͭ·ΓࠓճͷྫͰ͏ݴͱɼଟͷը૾͕
ؚ·ΕͨσʔληοτͰͨ͑ߟ߹ couch − on − floor pillow − on − couchΑΓଟ͘ग़
ΒΕΔɽ͑ߟΔͱ͍ͯ͠ݱ
͜ͷΑ͏ʹɼhead−edge−tailͷใ͕શͯಉͩͬͨ͡߹ͷΈͷग़ݱճΛɼ(head,edge,tail)

ͷಉ֬࣌ʹΑΔग़ݱճͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δɽಉ֬࣌ͱɼෳͷࣄ͕ಉ࣌
Δ֬ͷ͜ͱͰ͋ΔɽX͖ىʹ ͱ Y ͕ಉ͖ىʹ࣌Δ֬ɼP (X, Y )Ͱࣔ͞ΕɼҎԼͷࣜ
Ͱ͞ࢉܭΕΔɽ

P (X, Y ) = P (X)P (Y ) (4.1)
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ͭ·Γɼhead − edge − tailͷશͯͷཁૉ͕ಉ࣌͡ͷग़֬ݱɼP (head, edge, tail)ͱ͠
ͯଊ͑Δ͜ͱ͕Ͱ͖Δɽ
සͷଟ͍ݱग़͍ͯͮجʹ֬࣌࿅σʔλʹ͓͍ͯɼಉ܇ head − edge − tailͷͭࡾΛ

ςετσʔλͰআ͢Δ͜ͱͰɼॏཁͳཁૉͷΈΛऔΓग़ͤΔͱ͑ߟΒΕΔɽͭࡾΛ
ɼheadۀ࡞আ͢Δͱ͍͏ − edge − tailΛશͯআ͢ΔͷͰͳ͘ɼedgeͱ tailΛআ
͢Δۀ࡞ͷ͜ͱͰ͋Δɽͭ·Γγʔϯάϥϑ্ʹ headͷΈ͕Γɼ͜ΕΛ܁Γฦ͢͜ͱ
Ͱɼؼ࠶తʹআ͍ͯ͘͠ɽআΛߦͳ͏݅ࣜҎԼͷ௨ΓͰ͋Δɽ

∑

i∈I

∑

x∈E

τ(i)P (x, t) > C (4.2)

I σʔληοτʹؚ·ΕΔը૾ͷ૯Ͱ͋Γɼτ(i)Ұͭͷը૾ʹؚ·ΕΔ E ͷ૯
Ͱ͋ΔɽE ͷग़ݱճΛγʔϯάϥϑ͝ͱʹՃ͠ࢉɼ͞Βʹσʔληοτதͷશͯͷը૾
ʹରͯ͠Ճ͢ࢉΔ͜ͱͰɼશͯͷը૾ʹର͢Δ Eͷग़ݱසΛٻΊΔɽͦͯ͠ɼग़ݱස
͕ҙͷ C Λӽ͑ͨ߹আΛߦͳ͏ɽ

4.2.2 ͖݅֬ʹΑΔॏཁͷ͍ߴϊʔυͷݕग़

4.2.1Ͱಉ֬࣌ʹΑΔग़ݱසΛݩʹΤοδͷআΛߦͳ͕ͬͨɼຊ߲Ͱ͖݅
֬ʹΑΔϊʔυͷݕग़Λߦͳ͏ɽ͖݅֬ͱɼ͋Δࣄ Y ɼͦͷʹ͖࣌ͨى͕
݅ԼͰࣄX Δ֬ͷ͜ͱͰ͋ΔɽP͖ى͕ (X|Y )Ͱࣔ͞ΕɼҎԼͷࣜͰ͞ࢉܭΕΔɽ

P (X|Y ) = P (X, Y )
P (Y ) (4.3)

4.2.1Ͱ head − edge − tail͕શͯಉ͡߹Λಉ֬࣌ͱͯ͠ଊ͑ͨɽಉ༷ʹͯ͠ɼ͋Δ
head͔Β edge − tail͕ग़͢ݱΔ߹ɼhead − edge͔Β tail͕ग़͢ݱΔ߹Λ͖݅
֬ͱͯ͠ଊ͑Δɽ
ಉ֬࣌ʹΑΔग़ݱճͰɼશͯͷγʔϯάϥϑʹ͓͍ͯ head − edge − tail͕શͯಉ

Ұͷ߹ͷग़ݱճΛ͑Δɽຊ߲Ͱಉ͡γʔϯάϥϑ iʹ͓͍ͯɼhead͕ಉҰͷͷ
͔Β edge − tail͕ੜ͡Δ߹ͱɼhead − edge͕ಉҰͷͷ͔Β tail͕ੜ͡Δ߹ΛɼͦΕ
ͧΕҎԼͷࣜͰٻΊΔɽࣜ 4.4͕ɼhead͕ಉҰͷͷ͔Β edge − tailͷͭࡾ͕ੜ͡Δ
߹Ͱ͋Γɼࣜ 4.5͕ɼhead − edge͕ಉҰͷͷ͔Β tail͕ੜ͡Δ߹Ͱ͋Δɽ͜͜Ͱ S
γʔϯάϥϑʹؚ·ΕΔΤοδͷ૯Ͱ͋Δɽ

∑

x∈E

τ(i)P ((edge − tail)|head) (4.4)
∑

x∈E

τ(i)P (tail|(head − edge)) (4.5)

σʔληοτதͷଟͷγʔϯάϥϑʹෳճग़͍ͯ͠ݱΔཁૉɼը૾ͷຊ࣭తͳಛ
Λࣔ͞ͳ͍ͱ͑ߟΒΕΔɽରʹɼݸʑͷγʔϯάϥϑʹ͓͍ͯෳճग़͢ݱΔཁૉɼ
ͦͷը૾ʹ͓͍ͯॏཁͳಛΛද͍ͯ͠Δ͜ͱ͕ଟ͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼ্هͷࣜΛ
γʔϯάϥϑʹద༻͠ɼͦͷը૾ͷҙຯߏʹ͓͍ͯॏཁͳཁૉΛݕग़͢Δɽ

4.2.1Ͱಉ֬࣌ʹΑͬͯग़ݱճΛٻΊɼҰఆͷΛ͑ͨ head − edge − tailͷͭࡾ
શͯআͨ͠ɽຊ߲Ͱɼ͖݅֬ʹΑΔग़ݱසʹΑΓ֤ϊʔυͷॏཁΛٻ
Ίɼॏཁ͕͍෦άϥϑΛআ͢Δ͜ͱͰɼ͞Βʹਫ਼Λ্͛Δ͜ͱΛ͢ࢦɽ
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4.3 ෳग़͢ݱΔཁૉͷݕ౼

4.2Ͱ౷ܭతख๏ʹண͠ɼଟྔͷσʔλʹ͓͍ͯग़ݱසͷ͍ߴ head − edge − tail

ͷͭࡾը૾ͷಛΛද͞ͳ͍ͱ͑ߟɼͦͷͭࡾΛআ͢Δ͜ͱͰਫ਼্Λ͠ࢦ
ͨɽ·ͨɼͻͱͭͷγʔϯάϥϑʹ͓͍ͯෳճग़͢ݱΔཁૉॏཁͰ͋Δͱ͑ߟɼॏཁ
͕͍෦άϥϑΛআ͢Δ͜ͱΛఏҊͨ͠ɽຊઅͰɼͻͱͭͷγʔϯάϥϑͰෳճ
ग़͢ݱΔ head − edge − tailͷͭࡾͷѻ͍ʹ͍ͭͯݕ౼Λߦͳ͏ɽ

ਤ 4.3: ͻͱͭͷγʔϯάϥϑʹ͓͍ͯ head − edge − tailͷͭࡾ͕ෳճग़͢ݱΔը૾ͷྫΛࣔ

͢ɽ্͕ݱঢ়ͷ͋Δੜ͞ΕͨγʔϯάϥϑͰ͋ΔɽຊདྷҰจͭͣࣈೝࣝ͢ΔͷͰͳ͘ɼจ

ͱͯ͠ೝࣝ͢Δ͜ͱͰҙຯΛཧղ͢Δ͜ͱ͕Ͱ͖ΔɽԼͷΑ͏ͳγʔϯάϥϑʹͳͬͯ͘ΕΔྻࣈ

ͷ͕ཧͰ͋Δɽ

ਤ 4.3Ͱࣔ͢Α͏ʹɼը૾͔Βੜ͞Εͨγʔϯάϥϑʹɼಉ͡ head − edge − tailͷ
ॻ͍ͯ͋Δ߹͚ͩͰ͕ࣈਤͷΑ͏ͳจݱΔ͜ͱ͕͋Δɽ͜ͷ͢ݱ͕ෳճग़ͭࡾ
ͳ͘ɼͨ͘͞Μͷݐ͕͍ࣸͬͯΔը૾ͳͲͷ߹ʹੜ͡Δ͜ͱ͕͋Δɽ͔͠͠ਤΛ
ΔͱΘ͔ΔΑ͏ʹɼ͜ΕͰੑͰ͋ΔͨΊɼਤݟ 4.3ͷԼͷΑ͏ʹͳΔͷ͕ཧతͰ͋
Δͱ͑ߟΒΕΔɽ
ͦ͜Ͱɼ͜ͷΑ͏ͳ՝Λղܾ͢ΔͨΊʹɼෳग़ͨ͠ݱ head − edge − tailͷͭࡾΛ

·ͱΊΔ͜ͱͰγʔϯάϥϑΛ؆ܿʹ͢Δ͜ͱ͕Ͱ͖Δͱਪଌͨ͠ɽͻͱͭͷγʔϯάϥ
ϑͰ head − edge − tailͷͭࡾ͕ෳճग़ͨ͠ݱ߹ɼͦΕΒΛ·ͱΊɼheadΛม͢ܗ
Δ͜ͱͰ؆ܿͳγʔϯάϥϑʹ͢Δɽਤ 4.3ͷྫͰࣔ͢ͱɼletter − on − board͕ෳճग़
ΔͷͰɼletters͍ͯ͠ݱ − on − boardͷΑ͏ʹ letterΛෳܗʹ͠ɼ·ͱΊΔ͜ͱͰ؆ܿ
ͳදݱʹ͢ΔɽheadͷมܗWord2Vecͷ୯ࣅྨޠͱϨʔϕϯγϡλΠϯڑʹΑͬͯ
ʹ͍ͭͯઆ໌͢Δɽଓ͚ͯෳڑͳ͏ͨΊɼ·ͣWord2Vec[20]ͱϨʔϕϯγϡλΠϯߦ
ग़͢ݱΔ෦άϥϑͷআख๏ʹ͍ͭͯઆ໌͢Δɽ
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4.3.1 Word2VecͱϨʔϕϯγϡλΠϯڑʹΑΔ୯ޠͷྨࣅ

·ͣɼWord2Vec[20]ʹ͍ͭͯઆ໌͢ΔɽWord2Vecͱɼ؆୯ʹ͏ݴͱ୯ޠΛϕΫτϧ
ͱͯ͠ද͢ݱΔ͜ͱͰݩ࣍Λѹॖ͢Δख๏ͷ͜ͱͰ͋ΔɽϕΫτϧͱͯ͠ද͢ݱΔ͜ͱͰɼ
୯ޠͷҙຯจ๏ͳͲΛଊ͑Δ͜ͱ͕Ͱ͖ΔΑ͏ʹͳΔɽWord2VecͰɼϕΫτϧԽ͢Δ
Λѹॖ͢Δ͜ͱ͕Ͱ͖Δɽݩ࣍ͱͰ͜͏Λݱදࢄʹࡍ

ਤ 4.4: Word2VecͷΠϝʔδΛදͨ͠ਤΛࣔ͢ɽ͕ࠨ୯ޠͷೖྗྫͰ͋Γɼӈ͕ೖྗ͞Εͨ୯͕ޠ
ຒΊࠐ·ΕͨϕΫτϧۭؒͷΠϝʔδͰ͋Δɽmanͱmenɼwomanͱ womenͦΕͧΕಉҰͷ

͍ۙɽ·ͨಉ༷ʹmanͱڑɼͪ࣋Λੑํ womanɼmenͱ womenಉҰͷํੑΛͯͬ࣋

͍Δ͕ɼͪ͜Β্ͷϖΞΑΓ͕ؔੑԕ͍͜ͱ͔ΒɼڑΛͯ͠ද͍ͯ͠ݱΔɽ͜Ε͋͘·

ͰΠϝʔδͰ͋Γɼ࣮ࡍͷϕΫτϧۭؒʹ͓͍ͯɼਤͷΑ͏ʹຒΊࠐ·Ε͍ͯΔ༁Ͱͳ͍ɽ

ਤ 4.4ʹWord2VecͷΠϝʔδΛͤࡌΔɽҰ൪ࠨଆʹ͍ࣔͯ͠Δͷ͕ɼೖྗ͞Εͨ୯ޠͷ
ྫͰ͋Δɽ୯ྻޠΛWord2VecͷχϡʔϥϧωοτϫʔΫʹೖྗ͢ΔͱɼҰ൪ӈଆʹࣔͯ͠
͍ΔΑ͏ʹಉ͡ϕΫτϧۭؒʹຒΊࠐ·ΕΔɽਤ 4.4ΠϝʔδͰ͋Δ͕ɼಉۭؒ͡ʹຒΊ
ΒΕͨ୯ޠɼͨࣅҙຯจ๏ʹΑͬͯಉ͡ํੑ͍ۙڑʹදΕΔɽਤʹࣔͨ͠୯ޠ
ྫΛ༻͍ͯઆ໌͢Δͱɼmanͱmenɼwomanͱ womenͦΕͧΕಉҰͷํੑΛͪ࣋ɼ
͍ۙɽ·ͨಉ༷ʹɼmanͱڑ womanɼmenͱ womenಉҰͷํੑΛ͍ͯͬ࣋Δɽ
͔͠͠ɼͪ͜Βઌ΄ͲͷؔΑΓڑ͕Ε͍ͯͯɼ͜Εઌ΄ͲΑΓ͕ؔੑԕ͍
͜ͱΛද͍ͯ͠Δɽ͜ΕΛ༻͍Δ͜ͱͰɼը૾ʹରԠ͢ΔΩϟϓγϣϯ͔Β࠷దͳྨࣅ୯
Δ͜ͱ͕Ͱ͖Δɽ͚ͭݟΛޠ
͔͠͠Word2VecʹΑΔྨࣅ୯ޠͰɼͦͷੑ্࣭ɼશ͘ٯͷҙຯͰྨࣅ͕͘ߴͳͬ

ͯ͠·͏ͱ͍͏͕͋Δɽͦ͜ͰWord2VecʹՃ͑ɼϨʔϕϯγϡλΠϯڑΛଌΔ͜
ͱͰΛղܾ͢Δɽ
ϨʔϕϯγϡλΠϯڑͱ୯ޠಉ࢜ͷྨࣅΛଌΔͰ͋Γɼ͋Δจ͔ྻࣈΒతͷ

จྻࣈͷฤूڑͷ͜ͱͰ͋Δɽฤूڑͱɼ͋Δจ͔ྻࣈΒతͷจྻࣈʹม͢ܗ
Δ·Ͱͷ࠷খมܗճͷ͜ͱͰ͋ΔɽWord2VecͱϨʔϕϯγϡλΠϯڑΛΈ߹Θͤɼ
Δɽ͚ͭݟΛޠ୯ࣅऴతͳྨ࠷
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4.3.2 ෳग़͢ݱΔ෦άϥϑͷू

ෳग़͢ݱΔ෦άϥϑͷআʹɼ্Ͱઆ໌ͨ͠Word2VecͱϨʔϕϯγϡλΠϯڑ
Λར༻͢Δɽ·֤ͣγʔϯάϥϑʹରͯ͠ head − edge − tailͷಉ࣌ग़ݱΛҎԼͷࣜ 4.6
ͰٻΊɼҰఆճҎ্ग़ͨ͠ݱ߹ʹ·ͱΊΔɽ

∑

x∈E

τ(i)P (x, t) > C (4.6)

͜͜ͰCҙͷͱ͢Δɽ֤γʔϯάϥϑ iͷதͰCҎ্ͷग़ݱճͰ͋ͬͨ head −
edge − tailͷͭࡾʹରͯ͠ɼ෦άϥϑΛ·ͱΊΔɽࣜ 4.7Λຬͨ͢߹ headΛม͠ܗɼ
ຬͨ͞ͳ͍߹ headมͣͤܗɼ෦άϥϑͷ·ͱΊ͚ͩߦͳ͏ɽࣜ 4.7ͰWord2Vec
ͱϨʔϕϯγϡλΠϯڑΛΈ߹Θͤɼ࠷దͳྨࣅ୯ޠͷมܗΛߦͳ͍ͬͯΔɽ
͜͜ͰɼLDͱϨʔϕϯγϡλΠϯڑΛٻΊΔؔͰ͋ΓɼWV ͱWord2VecͰͷ

ΊΔؔͰ͋Δɽ·ͨɼxʹҙͷٻΛࣅྨ head͕ͯ·ΓɼtʹྨࣅΛٻΊΔ
ରͰ͋ΔಉҰγʔϯάϥϑͷObjects͕ͯ·Δɽ

(LD(x, t) ≤ 3) ∧ (WV (x, t) > 0.4) (4.7)

ͦͷޙɼ·ͱΊͨ෦άϥϑΛݩͷॴʹஔ͢Δɽඞཁͳ߹͜ΕΛؼ࠶తʹߦͳ͍ɼ
؆ܿͳγʔϯάϥϑΛੜ͢Δɽ
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ୈ5ষ ධՁ࣮ݧ

5.1 ֓ཁ

ຊষͰɼఏҊख๏ΛධՁ͢Δ࣮ݧʹ͍ͭͯड़ΔɽධՁ࣮ݧͰɼ࣮ࡍʹఏҊख๏ʹ
Δσʔλ͍༺ʹݧγʔϯάϥϑΛੜ͠ɼϕʔεϥΠϯͱൺֱ͢Δɽ·ͣධՁ࣮͍ͯͮج
ηοτͱɼͦΕΒʹߦͳ͏લॲཧʹ͍ͭͯઆ໌͢Δɽ࣍ʹɼఏҊख๏ΛධՁ͢ΔͨΊʹߦ
ͳ࣮ͬͨݧͷ༰ʹ͍ͭͯड़Δɽ݁ݧ࣮ʹޙ࠷Ռʹ͍ͭͯ·ͱΊΔɽ

5.2 σʔληοτ

ຊڀݚͰɼσʔληοτͱͯ͠KrishnaΒʹΑͬͯ࡞͞ΕͨVisual Genome[21]ͱLin
ΒʹΑͬͯ࡞͞ΕͨMSCOCO(Microsoft Common Objects in Context)[22]Λ༻͢Δɽ
ͦΕͧΕͷσʔληοτͷಛʹ͍ͭͯड़ɼ࣮ݧલʹߦͳ͏લॲཧʹ͍ͭͯઆ໌͢Δɽ

ਤ 5.1: Visual Genomeσʔληοτʹؚ·ΕΔը૾ͷҰྫΛࣔ͢ɽମใ͕ۣܗͰࣔ͞Εɼۣܗ
Ͱғ·ΕͨখྖҬຖʹΩϟϓγϣϯ͕༩͞Ε͍ͯΔɽݟ͢͞ͷͨΊɼσʔληοτͰࣔ͞Εۣͨ

ͷ͏ͪܗ 5ͭΛද͍ࣔͯ͠Δɽ
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5.2.1 Visual Genome

Visual Genome[21]ɼ108,077ຕͷը૾ؚ͕·Ε͓ͯΓɼ֤ ը૾ʹγʔϯάϥϑ͕༩͞
Ε͍ͯΔσʔληοτͰ͋Δɽͭ·Γ֤ը૾͝ͱʹɼը૾தʹؚ·ΕΔମ (Objects)ɼ
ମʹଐ͢Δଐੑ (Attributes)ɼ2ͭͷମϖΞؒͷؔੑ (Relationships)͕༩͞Ε͍ͯ
ΔɽObjectsʹ֤ը૾தʹؚ·ΕΔମ໊ͱମྖҬ͕ɼAttributesʹ֤ମຖʹ৭
ใؚ͕·ΕΔɽ·ͨਤੑঢ়ͷଐੑใ͕ɼRelationshipsʹମϖΞؒͷؔܗ 5.1ʹࣔ
͢௨ΓɼಛఆͷখྖҬʹରͯ͠Ωϟϓγϣϯ͕༩͞Ε͍ͯΔ͕ɼը૾શମͷΩϟϓγϣϯ
༩͞Ε͍ͯͳ͍ɽVisual GenomeɼγʔϯάϥϑΛ༻͍Δ༻͍ͳ͍ʹؔΘΒͣɼଟ
͘ͷڀݚ [5, 16, 17, 18, 23]Ͱར༻͞Ε͍ͯΔσʔληοτͰ͋Δɽ

ਤ 5.2: MSCOCOσʔληοτʹؚ·ΕΔը૾ͷҰྫΛࣔ͢ɽݩ͕ࠨը૾ͰɼӈମྖҬ͕ࣔ͞
Εͨը૾Ͱ͋Δɽը૾ͷಛͱͳΔΑ͏ͳେ͖͍ମ͚ͩͰͳ͘ɼը૾ӈԼͷখ͍͞Ϙτϧʹྖ

Ҭ͕ࣔ͞Ε͍ͯΔɽ·ͨମྖҬ͚ͩͰͳ͘ɼମ໊ৄهʹࡉड़͞Ε͍ͯΔɽը૾ͷԼʹ͋Δς

Ωετը૾ʹର͢ΔΩϟϓγϣϯͰ͋Γɼ֤ը૾ʹରͯ͠ฏۉ 5ͭ༩͞Ε͍ͯΔɽ

5.2.2 MSCOCO(Microsoft Common Objects in Context)

MSCOCO[22]MicrosoftʹΑͬͯఏ͞ڙΕɼ 330,000ຕͷը૾ΛؚΈɼ֤ը૾ʹΩϟ
ϓγϣϯ͕͍͍ͯΔσʔληοτͰ͋Δɽ֤ը૾ʹ͖ͭฏۉ 5ͭͷΩϟϓγϣϯ͕༩
͞Εɼମ໊ͱମҐஔ͕ৄࡉʹࣔ͞Ε͍ͯΔɽ·ͨਤ 5.2ʹࣔ͢௨Γɼը૾ʹରͯ͠ମ
ͷྖҬ͕ࣔ͞Εɼը૾ӈԼͷϘτϧͷΑ͏ͳখ͍͞ମʹରԠ͍ͯ͠ΔɽͦͷͨΊɼ͜
ͷσʔληοτଟ͘ͷը૾ೝࣝ [24]ը૾Ωϟϓγϣϯੜ [14, 25]ͷڀݚʹར༻͞Εͯ
͍Δɽ
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5.2.3 લॲཧ

ධՁ࣮ݧͰ༻͢Δσʔληοτͷલॲཧʹ͍ͭͯઆ໌͢Δɽ֤ը૾ʹରͯ͠ɼγʔϯ
άϥϑͱΩϟϓγϣϯ͕༩͞Ε͍ͯΔσʔληοτΛ༻͢ΔͨΊɼVisual Genomeͱ
MSCOCOΛՃ࡞ͯ͢͠Δɽ

Visual Genomeʹ֤ը૾ʹରͯ͠ObjectsɼAttributesɼRelationshipsؚ͕·Εͨγʔ
ϯάϥϑ͕༩͞Ε͍ͯΔ͕ɼը૾શମʹରͯ͠ͷΩϟϓγϣϯ༩͞Ε͍ͯͳ͍ɽ
ରʹɼMSCOCOʹෳͷৄࡉͳΩϟϓγϣϯ͕༩͞Ε͍ͯΔ͕ɼγʔϯάϥϑʹؚ·
ΕΔใͳ͍ɽ͜ΕΒͷΛղܾ͢ΔͨΊɼ2ͭͷσʔληοτΛ༻͍ͯ৽ͨͳσʔλ
ηοτΛ࡞͢Δɽ

Visual Genomeͷ͍͔ͭ͘ͷը૾ɼFlickr[26]ͱMSCOCO͔Βऩू͞Ε͍ͯΔɽͦ
͜Ͱ Visual GenomeͱMSCOCOʹڞ௨͢Δը૾ͷΈΛ༻͢Δ͜ͱͱͨ͠ɽڞ௨ͷը૾
Λऩूͨ݁͠Ռɼ51,498ຕͷը૾Λऩू͢Δ͜ͱ͕Ͱ͖ͨɽ͜ΕΒͷը૾ʹɼγʔϯά
ϥϑͱฏۉ 5ͭͷΩϟϓγϣϯ͕༩͞Ε͍ͯΔɽલॲཧͷ݁ՌΛҎԼͷද 5.1ʹࣔ͢ɽ

ද 5.1: લॲཧޙͷσʔληοτͷ༰
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 5.1ʹࣔ͢௨Γɼ܇࿅ը૾ͱςετը૾ʹ͍ͭͯɼશ 51,498ຕͷ͏ͪ 7ׂͷ 36,048ຕ
Λ܇࿅ը૾ɼ3ׂͷ 15,450ຕΛςετը૾ͱͨ͠ɽҎ߱ɼ܇࿅ը૾Ͱ࣮ݧΛߦͳ͍ɼςετ
ը૾ͰධՁΛߦͳ͏ɽ·ͨը૾ຖʹͻͱͭͷγʔϯάϥϑ͕༩͞Ε͍ͯΔ͜ͱ͔Βɼγʔ
ϯάϥϑͷ༁ը૾ຕͱಉͰ͋Δɽදͷʮϊʔυͷ૯ʯʹ͍ࣔͯ͠Δͷ Visual
Genomeʹؚ·Ε͍ͯΔObjectsͱAttributesͷใͰ͋ΓɼΛݟΔͱը૾ 1ຕʹ͖ͭ
35ͷϊʔυใ͕༩͞Ε͍ͯΔ͜ͱ͕Θ͔Δɽಉ༷ʹɼදͷʮΤοδͷ૯ʯΛݟΔͱ
֤ը૾ʹ͖ͭ 21ͷΤοδใ͕༩͞Ε͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼϢχʔΫͳϊʔυ
ͷ૯ͱϢχʔΫͳΤοδͷ૯ͱ͍͏ͷɼͦΕͧΕͷॏෳ͢ΔϊʔυͱΤοδΛআ
ͨ͠૯ͷ͜ͱͰ͋Δɽ

5.3 ຊ࣭తͳҙຯߏͷநग़

લॲཧΛߦͳͬͨσʔληοτΛݩʹͯ͠ɼຊ࣭తͳҙຯߏநग़͢ΔͨΊͷ࣮ݧΛߦ
ͳ͏ɽຊઅͰɼ4.3Ͱࣔͨ͠ख๏ʹݧ࣮͍ͯͮجΛߦͳ͍ɼ࣮ݧͷ݁ՌΛࣔ͢ɽ
લॲཧ͞Εͨσʔληοτʹ͓͍ͯɼγʔϯάϥϑG = (O, E)ʹ͓͚ΔEͷग़ݱසΛ

֬ೝ͢Δɽ͜ͷۀ࡞܇࿅σʔληοτʹ͓͍ͯͷΈߦͳ͍ɼ݁ՌΛྀͯ͠ߟςετσʔ
ληοτʹөͤ͞ΔɽҎԼʹɼࣜ 4.2Λ܇࿅σʔληοτ 36,048ຕʹରͯ͠ߦͳͬͨ݁
ՌΛࣔ͢ɽ
·ͣɼࣜ 4.2ʹ͓͍ͯN ܇࿅ը૾ͷ૯Ͱ͋Δ 36,048ͱͳΓɼSݸʑͷγʔϯάϥ

ϑຖͷ head − edge − tailͷͭࡾͷͰ͋Δɽ࣮ࡍʹ head − edge − tailͷग़ݱසΛܭ
ճ͕ݱՌɼग़݁ͨ͠ࢉ 5ճҎԼͷ head − edge − tail 247,931Ͱ܇࿅σʔλʹؚ·ΕΔ
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ද 5.2: ग़ݱճ͕ଟ͍ head − edge − tailͷྫ

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

ϢχʔΫͳΤοδͷ 93.3ˋͰ͋ͬͨɽ܇࿅σʔλͷதͰҰ൪ଟ͔ͬͨʮclouds in skyʯ
ͷग़ݱճ 4,438ճͰ͋Γɼ܇࿅σʔλͷதͰ head − edge − tailͷग़ݱճʹେ͖
ͳ͕ࠩ͋Δ͜ͱ͕Θ͔Δɽ
ද 5.2ʹग़ݱճ͕ଟ͍ head − edge − tailͷྫΛࣔͨ͠ɽද͔ΒΘ͔ΔΑ͏ʹɼ໌Β͔

ʹग़ݱճͷଟ͍ head − edge − tailɼը૾தͷഎܠʹͨΔΑ͏ͳɼը૾༰ʹ͋·Γ
࣋ճΛݱɼ͋ΔҰఆͷΛ͑ͨग़ࢲΒΕΔͷ͕ଟ͍ɽͦͷͨΊ͑ߟͳ͍ͱ͕ؔ
ͭ head − edge − tailɼը૾ͷຊ࣭తͳҙຯߏΛநग़͢Δ্Ͱඞཁ͕ͳ͍ͱͨ͑ߟɽ
ग़ݱճ͕ 5ճҎԼͷ head − edge − tail͕σʔλதͷ 93.3ˋΛΊΔͱ͍͏݁Ռ͔Βɼ

ճݱͰग़ݧճͷධՁ࣮ࠓ 5ճΛϕʔεͱ࣮ͯ͠ݧΛߦͳ͏͜ͱͱͨ͠ɽग़ݱճΛௐ
ͨ݁Ռɼग़ݱճ 10ճҎԼͰ 96.8ˋɼ100ճҎԼͰ 99.8ˋͱͳͬͨͨΊɼධՁ࣮ݧͰ
ग़ݱճ 6ճҎ্ͷͷΛআ͢Δ͜ͱͰेͩͱஅͨ͠ɽͦ͜Ͱɼࠓճͷ߹Ͱࣜ
4.2ͷ C  6ͱ͢Δɽ
͞Βʹಉ֬࣌ʹΑΔग़ݱස͚ͩͰͳ͘ɼ͖݅֬ʹΑΔग़ݱසʹ͍ͭͯ

৮ΕΔɽhead − edge − tailͷશ͕ͯಉҰͷ߹ͷΈআΛߦͳ͓͏ͱ͕ͨ͠ɼ͜ΕͰͻ
ͱͭͷγʔϯάϥϑͰ 6ճҎ্ग़ͭࡾͨ͠ݱɼগͷը૾Ͱෳճग़ͭࡾͨ͠ݱ
Λআͯ͠͠·͏͜ͱʹͳΔɽ͔͠͠ɼͦΕΒՌͨͯ͠ຊ࣭తͰͳ͍ͱ͑ݴΔͩΖ͏͔ɽ
Ή͠Ζը૾ͷಛΛද͍ͯ͠ΔՄੑେ͖͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼࣜ 4.4ͱࣜ جʹ4.5
͍ͮͯɼ֤γʔϯάϥϑͷϊʔυͱΤοδͷग़ݱසΛٻΊɼΤοδଓ͕ 4Ҏ্ͷ
ϊʔυআΛߦͳΘͳ͔ͬͨɽ
ຊઅͰߦͳ͏ධՁ࣮ݧͰɼ্Ͱࣔͨ͠আ͖͢ରΛςετσʔληοτʹରͯ͠

ద༻͠ɼγʔϯάϥϑͷมԽΛ͔֬ΊΔɽݩͷγʔϯάϥϑͱख๏ద༻ޙͷγʔϯάϥϑ
ͷൺֱͷҰ෦Λਤ 5.3ʹࣔ͢ɽશͯͷϊʔυͱΤοδΛͤࡌΔ͜ͱ͍͠ͷͰɼมԽ͕ى
͖ͨ෦ͷάϥϑΛࣔ͢ɽ
ਤ 5.3ͰγʔϯάϥϑͷҰ෦͔ͤ͠ࡌΔ͜ͱ͕Ͱ͖͍ͯͳ͍͕ɼ͜͜Ͱࣔͨ͠ͷΛݟ

Δ͚ͩͰɼແବͳΤοδ͕আͰ͖͍ͯΔ͜ͱ͕Θ͔ΔɽͪΖΜશ্͕ͯख͍ͬͯ͘
͍ΔΘ͚Ͱͳ͍͕ɼ࣮ࡍʹ݁ՌΛݟΔͱޮՌతʹ࡞༻͍ͯ͠Δͱ͑ߟΒΕΔɽ

5.4 ෳग़͢ݱΔཁૉͷධՁ

ɼෳճ͍ͯͮجʹͳ͏ɽ4.3Ͱࣔͨ͠ఏҊख๏ߦΛ౼ݕΔΤοδͷ͢ݱɼෳճग़ʹ࣍
ग़͢ݱΔ෦άϥϑʹ͍ͭͯͷ࣮ݧΛ͠ɼ݁ՌΛධՁ͢Δɽ
ࣜ 4.6ʹ͓͍ͯCͷΛ 2ͱ͠ɼҎԼͷ࣮ݧΛߦͳ͏ɽ·ͣςετσʔληοτʹରͯ͠ɼ

γʔϯάϥϑʹෳग़͢ݱΔ head−edge− tailͷͭࡾͷग़ݱճΛٻΊɼͦ ΕΒʹର͠
ͯఏҊख๏Λద༻͢Δɽ෦άϥϑͷ headʹରͯ͠ɼWord2VecͱϨʔϕϯγϡλΠϯڑ
ΛΈ߹ΘͤɼରԠ͢ΔΩϟϓγϣϯ͔Β࠷ྨࣅͷ͍ߴ୯ޠΛൈ͖ग़͢ɽWord2Vec
ͷֶशɼશͯͷσʔληοτதͷը૾ʹରԠ͢ΔΩϟϓγϣϯΛ༻͍ͯߦͳͬͨɽ
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ਤ 5.4Ͱɼਤ 5.3ͱಉ༷ʹ݁ՌͷҰ෦Λࣔ͢ɽਤΛͯݟΘ͔Δ௨Γɼ্ख͘ஔग़དྷ
ͨͷͱग़དྷͳ͔ͬͨͷ͕ଘͨ͠ࡏɽ݁ՌΛ֬ೝͨ͠ͱ͜Ζɼboy girlͳͲͷ୯ޠ্
ख͍͔ͣ͘ɼbook newspaperͳͲൺֱత͍ߴਫ਼Λ͍ࣔͯͨ͠ɽboy girlɼͦΕ
ͧΕͷෳܗͰ͋Δ boys girlsΑΓɼkid childͳͲͷํ͕ྨࣅ͕͘ߴͳ͍ͬͯͨɽ
͔͠͠શମΛ௨ͯ͠ݟΔͱɼਫ਼͕͍ߴͱ͑ݴͳ͔ͬͨɽ͜ΕWord2VecʹΑΔྨࣅ
͕ݪҼͰ͋Δͱ͑ߟΒΕΔɽ

Word2VecͰɼ୯ޠΛಉ͡ϕΫτϧۭؒʹຒΊࠐΈɼϕΫτϧಉ࢜ͷڑํʹΑͬ
࿅σʔληοτʹؚ·ΕΔΩϟϓγϣ܇ΈɼࠐΊΔɽϕΫτϧۭؒͷຒΊٻΛࣅྨͯ
ϯΛ༻͍ͯߦͳ͍ͬͯΔͨΊɼΩϟϓγϣϯ্Ͱ༻๏͕͍ͯࣅΔ୯ޠྨࣅ͕͘ߴग़ྗ
͞ΕΔɽ·ͨɼΩϟϓγϣϯ্ʹෳܗͱͯ͠ଘ͠ࡏͳ͍߹దͳ୯͕ޠଘ͠ࡏͳ͍
߹ɼ্ख͘ม͢ܗΔ͜ͱ͕ग़དྷͳ͔ͬͨɽͦͷͨΊɼஔ͖ͯ͑ࣗવͱͳΔΑ͏ͳ୯ޠ
্ख͍͔ͣ͘ɼஔ͖ͨ͑୯ޠΑΓෳܗͷํ͕ࣗવͱͳΔ୯ޠ্ख͍ͬͨ͘ͱߟ
͑ΒΕΔɽ

5.5 ख๏ͷൺֱ݁Ռ

ɼબͨ͠ʹݩͷ݁Ռʹ͍ͭͯड़Δɽ3.3Ͱࣔͨ͠ධՁख๏ΛݧͰࣔͨ͠ධՁ࣮ه্ 100
ͷը૾ʹ͍ͭͯ݁ՌΛൺֱ͠ɼҎԼͷද 5.3ʹࣔ͢ɽݩͷγʔϯάϥϑΛ SGɼຊ࣭తͳҙຯ
ͳͬͨγʔϯάϥϑΛߦͷநग़Λߏ SG − Eɼෳग़ͨ͠ݱ෦άϥϑͷݕ౼Λߦͳͬͨ
γʔϯάϥϑΛ SG − MɼͲͪΒద༻ͨ͠γʔϯάϥϑΛ SG − E − M ͱ͢Δɽpositive
Objectsଟ͍΄Ͳྑ͘ɼnegative Objectsগͳ͍΄Ͳྑ͍݁ՌͱͳΔɽݩͷγʔϯ
άϥϑશͯͷObjectsΛؚΜͰ͍ΔͨΊɼͲͪΒ࠷େͷ 5ͱͳ͍ͬͯΔɽ

ද 5.3: ධՁ࣮݁ݧՌ

ฏۉϊʔυ ฏۉΤοδ
ฏۉ positive Objects

(Max:5,Min:0)
ฏۉ negative Objects

(Max:5,Min:0)
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
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ਤ 5.3: ͷγʔϯάϥϑͱɼ৽ͨʹੜͨ͠γʔϯάϥϑΛൺֱͨ͠ɽObjectsΛ੨৭ɼAttributesݩ
Λԫ৭ɼRelationshipsΛ৭Ͱ͍ࣔͯ͠ΔɽઢΛڥʹɼ্ʹࣔͨ͠ 3্ͭख͘վળ͞Εͨγʔϯ
άϥϑͰ͋ΓɼҰ൪Լຊ࣭తͳใ·Ͱআ͞Εͯ͠·ͬͨγʔϯάϥϑͰ͋Δɽ্ͷ 3ͭͦ
ΕͧΕը૾ͷຊ࣭Ͱͳ͍෦άϥϑ͕আ͞Ε͍ͯΔ͕ɼҰ൪Լը૾ʹ͓͚Δॏཁͳཁૉ͕ࣦ

ΘΕͯ͠·͍ͬͯΔΑ͏ʹ͡ײΒΕΔɽख๏ద༻ޙͷγʔϯάϥϑͰɼՖ͕͋Δ͜ͱ͕Θ͔Δ͕ɼ

ͨͩՖ͕͋Δ͚ͩͰՖළʹೖ͍ͬͯΔ͔͕Θ͔Βͳ͍ɽ
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ਤ 5.4: ෳग़͢ݱΔཁૉͷ·ͱΊ࣮ݧʹΑΓੜ͞ΕͨγʔϯάϥϑͷൺֱΛࣔ͢ɽݩ͕ྻࠨͷը
૾ɼதԝྻ͕ख๏ద༻લͷγʔϯάϥϑͷҰ෦ɼӈྻ͕ख๏ద༻ޙͷγʔϯάϥϑͷҰ෦Ͱ͋Δɽத

ԝྻͷγʔϯάϥϑɼຊདྷਤͰ͍ࣔͯ͠Δͷͱಉ༷ͷͭࡾ͕ෳ͋Δ͕ɼ͜͜Ͱݟ͢͞ͷ

ͨΊͻͱͭͷΈ͍ͯͤࡌΔɽObjectsΛ੨৭ɼRelationshipsΛ৭Ͱࣔ͠ɼมߦ͕ߋͳΘΕͨϊʔ
υΘ͔Γ͢͞ͷͨΊᒵ৭ͱͨ͠ɽ
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ୈ6ষ ߟ

ධՁ࣮ݧΛߦͳͬͨ݁Ռɼද 5.3ΛݟΔͱΘ͔Δ௨Γ SG-E-MͰਫ਼্Λࣔ͢͜ͱ͕Ͱ
͖ͨɽग़ݱසʹͮ͘جΤοδͷআʹ͓͍ͯɼෳࡶͳը૾ʹରͯ͠ಛʹ༗༻ੑΛࣔ
͢͜ͱ͕Ͱ͖͕ͨɼগͳ͍ମͰߏ͞Εͨ୯७ͳը૾Ͱɼਫ਼্͕͋·ΓݟΒΕͳ
͔ͬͨɽ͜Εɼଞͷը૾Ͱຊ࣭తͰͳ͍෦͕ɼओཁͷཁૉͱͳ͍ͬͯΔ͜ͱ͔Β͖ى
ͯ͠·ͬͨͱ͑ߟΒΕΔɽ͔͠͠ɼݩʑγʔϯάϥϑෳࡶͳը૾༰Λɼମಉ࢜ͷάϥ
ϑߏͰද͢͜ͱͰཧղ͘͢͢͠Δͱ͍͏ಛ͕͋ΔͨΊɼ͜ͷ͜ͱͰͳ͍ͱ
আ͢Δ͖͚ͩͰͳ͖݅֬͘Λ༻͍Δ͜ͱʹΑΓɼ֬࣌Δɽ·ͨɼಉ͍ͯ͑ߟ
Ͱͳ͍ͭࡾΛ͜͢ͱ͕Ͱ͖ͨ݁Ռ͕ɼ͍͔ͭ͘ͷαϯϓϧͰݟΒΕͨɽ
ಉҰͷγʔϯάϥϑͰෳग़͢ݱΔ෦άϥϑͷݕ౼ʹ͍ͭͯɼ୯ମͰ͋·Γ༗

༻ੑΛࣔ͢͜ͱ͕Ͱ͖ͳ͔ͬͨɽݪҼͱͯ͠ɼΩϟϓγϣϯʹؚ·ΕΔޠኮͷใྔʹ
Αͬͯਫ਼ʹ͕ࠩͰ͖ͯ͠·ͬͨͨΊͩͱ͑ߟΒΕΔɽΩϟϓγϣϯ্͔Βྨࣅ୯ޠΛݟ
͚ͭग़ͨ͢ΊɼΩϟϓγϣϯ্ʹଘ͠ࡏͳ͍୯ޠʹஔ͖͑Δ͜ͱ͕Ͱ͖ͳ͍ɽͦͷͨ
Ίɼྨࣅ୯ᮢ͕ิީޠΛ͑ͣɼͨͩ·ͱΊΔ͚ͩͷάϥϑ͕ଟ͔ͬͨɽ͔͠͠ɼෳग़
Δ෦άϥϑΛ·ͱΊΔ͜ͱͰɼ؆ܿͳγʔϯάϥϑͱͳΔ͜ͱࣔ͢͜ͱ͕Ͱ͍ͯ͠ݱ
͖ͨɽ·ͨ nagative ObjectsͷݮʹޮՌΛ͍ࣔͯͨ͠ɽ
ͷه্ 2ΛΈ߹Θͤͨ݁Ռɼ؆͔ܿͭेͳใྔͷγʔϯάϥϑ͕ੜͰ͖Δ͜

ͱΛࣔ͢͜ͱ͕Ͱ͖ͨɽ
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ୈ7ষ ͓ΘΓʹ

ຊڀݚͰɼҙຯߏʹ͍ͨͮجγʔϯάϥϑੜख๏ͷఏҊΛߦͳͬͨɽγʔϯάϥ
ϑͷઆ໌͔ΒೖΓɼը૾ΩϟϓγϣϯͱͷൺֱΛߦͳ͍ɼࡏݱͷγʔϯάϥϑੜը૾
ใΛৄࡉʹࣔͦ͏ͱ͗͢͠Δ͜ͱͰɼγʔϯάϥϑ͕ڊେʹͳΓɼ֮ࢹతʹཧղͮ͠Β͘
ͳͬͯ͠·͏ͱ͍͏՝Λࣔͨ͠ɽͦ͜Ͱɼݩͷγʔϯάϥϑͱ౷ܭใΛ༻͍Δ͜ͱ
Ͱɼը૾ͷ༰ΛΑΓਖ਼֬ʹࣔͤΔͷͰͳ͍͔ͱਪଌͨ͠ɽ·ͨɼͳ෦άϥϑΛਖ਼
͢͜ͱͰɼάϥϑใΛ؆ܿʹͰ͖ΔͷͰͳ͍͔ͱਪଌͨ͠ɽ

2ͭͷ՝Λղܾ͢ΔͨΊʹɼͦΕͧΕͷఏҊख๏Λࣔͨ͠ɽͻͱͭɼ܇࿅σʔλ
ηοτͷ౷ܭใΛݩʹͯ͠ɼෆཁͳ෦άϥϑΛআ͢Δͱ͍͏ख๏Ͱ͋Δɽ͏ͻͱ
ͭɼ୯ޠͷྨੑࣅΛ༻͍Δ͜ͱͰɼෳճग़ͯ͘Δ෦άϥϑͷใΛ·ͱΊΔͱ͍͏ख
๏Ͱ͋ΔɽఏҊख๏Λࣔͨ͢ΊͷධՁ࣮ݧΛߦͳͬͨ݁ՌΛࣔ͠ɼ༗༻ੑΛࣔ͢͜ͱ͕Ͱ
͖ͨɽ
ͰఏҊ͠ڀݚΒΕΔɽຊ͛ڍͷలͱͯ͠ɼγʔϯάϥϑ͔Βͷը૾ੜͳͲ͕ޙࠓ

ͨख๏Λ༻͍Δ͜ͱͰɼΑΓը૾༰ʹ͍ۙγʔϯάϥϑΛੜ͢Δ͜ͱ͕Ͱ͖ͨɽ͜ͷ
͜ͱΑΓɼҰൠతͳγʔϯάϥϑΑΓ؆ܿͳදݱͱͳΓɼຊ࣭తͳը૾Λੜ͢Δ͜ͱ͕
Ͱ͖Δͱ͑ߟΒΕΔɽ
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ँࣙ

ຊڀݚΛਐΊΔʹ͋ͨΓɼʑͷ͝ࢦಋΛ͖·ͨ͠ஜେֶਤॻؗใϝσΟΞܥख
௩ଠ।ڭतʹ৺ΑΓ͍ͨ͠ँײ·͢ɽ·ͨɼਏ͍͑ࢧʹ࣌ʹͳͬͯͩͬͨ͘͞શͯͷօ
ɽ͢·͍ͨ͠ँײʹ༷
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