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1.͡Ίʹ
ਂڧԽֶशɼΤʔδΣϯτ͕ڥͱͷΠϯλϥΫ

γϣϯΛ௨ͯ͡ಘΔใुΛཔΓʹɼঢ়گʹԠͯ͡࠷దͳߦ
ಈબ͢ΔͨΊͷํࡦΛֶश͢Δख๏Ͱ͋Δɽํࡦωο
τϫʔΫͰද͞ݱΕ͓ͯΓɼωοτϫʔΫ෦ͷԋࢉෳ
ಈબʹରͯ͠ߦͰ͋ΔɽͦͷͨΊɼΤʔδΣϯτͷࡶ
அࠜڌΛղੳ͢Δ͜ͱඇৗʹࠔͰ͋Δɽ
ຊڀݚͰɼਂڧԽֶशͷදతͳख๏Ͱ͋Δ Asyn-

chronous Advantage Actor-Critic (A3C) [1]ʹAttention
Λಋೖͨ͠Mask-Attentionߏػ A3C (Mask A3C)ΛఏҊ
͢ΔɽMask A3CͰɼํࡦͱঢ়ଶՁʹର͢ΔΤʔδΣ
ϯτͷྖࢹҬΛදͨ͠ݱMask-attentionΛ֫ಘͰ͖Δɽ
ਪ࣌ʹ Mask-attention ΛՄࢹԽ͢Δ͜ͱͰɼΤʔδΣ
ϯτͷߦಈબʹର͢Δ֮ࢹతઆ໌ͷ࣮ݱΛతͱ͢Δɽ
·ͨɼAttentionߏػͷಋೖʹΑΓɼMask-attentionΛߟ
ֶྀͯ͠श͢Δ͜ͱͰɼΤʔδΣϯτͷੑ্ΛਤΔɽ

2.Asynchronous Advantage Actor-Critic
A3C [1] ɼAsynchronous ͱ Advantage Λಋೖͨ͠

Actor-Critic๏ϕʔεͷਂڧԽֶशख๏Ͱ͋ΔɽAsyn-
chronousෳڥʹ͓͚ΔඇಉظͰͷύϥϝʔλߋ৽ɼ
Advantage εςοϓઌͷใुΛֶྀͨ͠ߟशͰ͋Δɽ
A3C ͷωοτϫʔΫߏɼΈࠐΈʹΑΓಛϚο
ϓΛநग़͢Δ Feature extractorɼํࡦΛग़ྗ͢Δ Policy
branchɼঢ়ଶՁΛग़ྗ͢Δ Value branch͔Βߏ͞Ε
Δɽํࡦ͋Δঢ়ଶʹ͓͍ͯબ͢Δߦಈͷ֬Ͱ͋
Δɽঢ়ଶՁ͋Δঢ়ଶʹ͓͚ΔใुͷظͰ͋Γɼ͋
Δঢ়ଶʹ͍Δ͜ͱͷՁΛද͢ɽ

3.Mask-Attention A3C
ΤʔδΣϯτͷߦಈબʹର͢ΔஅࠜڌΛղੳ͢Δ

ͨΊɼA3Cʹ AttentionߏػΛಋೖͨ͠Mask-Attention
A3C (Mask A3C)ΛఏҊ͢ΔɽMask A3CͰɼPolicy
branch ͱ Value branch ʹର͠ Attention Λಋೖ͢ߏػ
Δ͜ͱͰɼ֤ϒϥϯνͷग़ྗʹରͯ͠ྖͨ͠ࢹҬΛද͢
Mask-attention Λ֫ಘ͢Δɽਪ࣌ʹ͓͚Δ֤ϒϥϯν
ͷ Mask-attentionΛՄࢹԽ͢Δ͜ͱͰɼํࡦͱঢ়ଶՁ
ͷҟͳΔ 2ͭͷࢹ͔ΒɼΤʔδΣϯτͷߦಈબʹର͢
Δ֮ࢹతઆ໌Λ࣮͢ݱΔɽ

3.1 ωοτϫʔΫߏ
ਤ 1ʹఏҊ͢ΔMask A3CͷωοτϫʔΫߏΛࣔ͢ɽ

Mask A3CɼFeature extractorɼPolicy branchɼValue
branchɼAttention͔ߏػΒߏ͞ΕΔɽै དྷͷA3CͰɼ
ΔͨΊɼFeatureྀ͢ߟใΛྻܥ࣌ extractorʹ LSTM
Λ༻͍Δɽ͔͠͠ɼMask A3Cʹ LSTMΛಋೖ͢Δͱɼೖ
ྗը૾ʹର͢Δۭؒใ͕ܽམ͢ΔͨΊɼMask-attention
Λ֫ಘͰ͖ͳ͍ɽͦ͜Ͱɼۭؒ࣌ใΛྀߟͰ͖Δ Con-
volutional LSTM (ConvLSTM) [2] Λಋೖ͢Δɽϒϥϯ
ν iͷMask-attention Mi ɼFeature extractor͔Βग़
ྗ͞ΕΔಛϚοϓ Fi ʹର͠ɼ1× 1× # of chanelsͷ
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ਤ 1: Mask A3CͷωοτϫʔΫߏ

ΈࠐΈͱ SigmoidؔΛద༻͢Δ͜ͱͰ֫ಘ͢Δɽ

3.2 Attentionߏػ
Mask A3C ͰɼPolicy branch ͱ Value branch ʹ

AttentionߏػΛಋೖ͢Δɽ͜ΕʹΑΓɼ֫ಘͨ͠Mask-
attention MiΛྀ͠ߟɼํٴࡦͼঢ়ଶՁΛग़ྗ͢ΔɽAt-
tentionߏػɼϒϥϯν iʹ͓͚ΔதؒͷಛϚοϓ
Fi ʹର͠ɼMask-attention Mi Λ༻͍ͯϚεΫॲཧΛߦ
͏ɽಛϚοϓʹର͢ΔMask-attentionΛ༻͍ͨϚεΫॲ
ཧΛࣜ (1)ʹࣔ͢ɽ͜͜ͰɼstೖྗͰ͋Δݱঢ়ଶɼFi(st)
ϒϥϯν iʹ͓͚ΔதؒͷಛϚοϓɼMi(st)ϒ
ϥϯν i ʹ͓͚Δ Mask-attentionɼF ′

i (st) ϚεΫॲཧ
ͷಛϚοϓͰ͋Δɽޙ

F ′
i (st) = Fi(st)ɾMi(st) (1)

4.ධՁ࣮ݧ
Mask A3Cͷ༗ޮੑΛ֬ೝ͢ΔͨΊɼOpenAI Gym [3]

ͷήʔϜλεΫΛ༻͍ͯධՁ࣮ݧΛ͏ߦɽ

4.1 ཁ֓ݧ࣮
ΔήʔϜɼBreakout͢༺ ͱ Ms.Pac-ManɼSpace

Invadersͷ 3छྨͰ͋Δɽൺֱख๏ɼA3CͱMask A3Cɼ
֤ϒϥϯνͷΈʹରͯ͠ AttentionߏػΛಋೖͨ͠Mask
A3C (Policy Mask A3CɼValue Mask A3C)ͷܭ 4ͭͰ
͋ΔɽೖྗήʔϜը໘ͷάϨʔεέʔϧը૾ͱ͠ɼग़ྗ
Ͱ͋Δߦಈ֤ήʔϜʹ͓͚Δૢ࡞ͱ͢Δɽֶश݅
worker Λ 35ɼֶशΛ 0.0001ɼׂҾΛ 0.99 ͱ͢
Δɽֶशऴྃ݅ global step͕ 1.0× 108 ʹ౸ୡͨ͠
߹ͱ͢Δɽ·ͨɼΤϐιʔυͷऴ֤ྃ݅ήʔϜʹ͓
͚Δ 1ϓϨΠऴྃɼٴͼ step͕ 1.0× 104 ʹ౸ୡͨ͠
߹ͱ͢Δɽ

4.2 είΞൺֱ
֤ήʔϜλεΫʹ͓͚Δ 100Τϐιʔυؒͷ࠷େ/ฏۉε

ίΞΛද 1ʹࣔ͢ɽද 1͔ΒɼBreakoutʹ͓͚Δ࠷େεί
Ξશख๏ʹ͓͍ͯ 864Ͱ͋Δɽ͜ͷείΞɼBreakout
Ͱ֫ಘͰ͖Δߴ࠷είΞͰ͋Δɽ·ͨɼBreakoutʹ͓͚Δ
ฏۉείΞɼMask A3C͕ A3Cͱൺֱ͠΄΅ಉͰ͋
ΔɽMs.Pac-ManͰɼ࠷େ/ฏۉείΞڞʹMask A3C
είΞͰ͋ΔɽSpace͍ߴ࠷͕ InvadersͰɼ࠷େεί
Ξ Policy Mask A3CɼฏۉείΞMask A3C͕࠷
είΞͰ͋ΔɽBreakoutύυϧͰϘʔϧΛଧͪฦ͍͢ߴ
ͷΈͰ͋Γɼ֎తཁҼͷͳ͍୯७ͳλεΫͰ͋Δɽͦͷͨ
ΊɼA3CͱMask A3C͕ಉͷείΞͰ͋ͬͨͱ͑ߟΒ
ΕΔɽҰํɼMs.Pac-Man ͱ Space Invaders ɼఢͳͲ
ͷ֎తཁҼΛߦྀͯ͠ߟಈΛબ͢Δඞཁ͕͋ΔɽPolicy
branchʹAttentionߏػΛಋೖͨ͠ Policy Mask A3Cͱ
Mask A3C ͰɼΫοΩʔΠϯϕʔμʔͳͲɼํࡦʹؔ
࿈ͨ͠ྖҬΛڧௐ͢ΔɽͦͷͨΊɼA3Cͱൺֱ͠είΞ͕
ΒΕΔɽ͑ߟͱ্ͨ͠

4.3 Mask-attentionΛ༻͍֮ͨࢹతઆ໌
֤ήʔϜʹ͓͚ΔMask-attentionͷՄࢹԽྫΛਤ 2ʹ

ࣔ͢ɽਤ 2(a)ͷ Policy͔ΒɼFrame 1ͰϘʔϧͷਐߦ
ΔɽFrame͍ͯ͠ࢹΛํ 2ͰύυϧΛؚΊͨϘʔϧ
पғΛ͠ࢹɼϘʔϧΛଧͪฦͨ͠ޙͰ͋Δ Frame 3Ͱ
͍ͯ͠ࢹΔྖҬ͕ͳ͍ɽ͔͜͜ΒɼBreakout ͰϘʔ
ϧΛଧͪฦ͢લʹ͓͍ͯɼϘʔϧͷਐํߦΛ༧ଌ͠
ύυϧΛ੍͍ͯ͠ޚΔͱ͑ߟΒΕΔɽਤ 2(b)ͷ Policy͔
ΒɼFrame 1ͰύοΫϚϯपғΛ͍ͯ͠ࢹΔɽFrame
2 Ͱը໘ʹଘ͢ࡏΔΫοΩʔΛ͠ࢹɼFrame 3 Ͱ
 Frame 2 ʹ͓͚ΔྖࢹҬʹύοΫϚϯ͕Ҡಈ͍ͯ͠
Δɽ͔͜͜ΒɼMs.Pac-ManͰύοΫϚϯͷपғΛܯռ
͠ͳ͕ΒɼΫοΩʔ͏͔Α͏ʹ੍͍ͯ͠ޚΔͱ͑ߟΒ
ΕΔɽਤ 2(c) ͷ Policy ͔ΒɼFrame 1 ͰΠϯϕʔμʔ
Λ͠ࢹɼߦಈܸ߈Λબ͍ͯ͠Δɽͦͯ͠ɼFrame 3
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(a) Breakout: നҹϘʔϧͷਐํߦΛࣔ͢ɽ
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(b) Ms.Pac-Man: നҹύοΫϚϯͷਐํߦΛࣔ͢ɽ
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(c) Space Invaders: നҹϏʔϜͷਐํߦΛࣔ͢ɽ

ɹ

ਤ 2: Mask-attentionͷՄࢹԽྫ: Policyʹ͓͚ΔԼ෦ͷίϯτϩʔϥɼݱϑϨʔϜͰϞσϧ͕ਪͨ͠ߦಈͰ͋Δɽ

ද 1: ֤ήʔϜ͓͚Δ 100 Τϐιʔυؒͷ࠷େ/ฏۉείΞ:
֤ख๏Ͱ Ϟσ͍ߴ࠷είΞ͕ۉश͠ɼฏֶͭͣߦࢼ5
ϧͷείΞΛࣔ͢ɽmax/mean ࠷େ/ฏۉείΞͰ͋
Δɽ

Att. mechanism Breakout Ms.Pac-Man Space Invaders

Policy Value max mean max mean max mean

A3C 864 662.0 5380 4573.3 19505 18531.8

ఏҊख๏

! 864 595.8 6330 4833.8 19860 19102.8

! 864 606.9 4830 4044.5 19675 18537.8

! ! 864 640.0 6610 5314.1 19810 19212.5

ද 2: Mask-attentionͷసʹΑΔείΞൺֱɿnor-
mal  Mask-attention Λస͠ͳ͍߹ɼin-
verseసͨ͠߹ɼrandomϥϯμϜʹߦ
ಈબͨ͠߹Ͱ͋Δɽ

Att. mechanism Breakout Ms.Pac-Man Space Invaders

Policy Value max mean max mean max mean

! normal 864 595.8 6630 4833.8 19860 19102.8

inverse 4 2.2 290 268.9 805 306.9

! ! normal 864 640.0 6610 5314.1 19810 19212.5

inverse 5 1.8 410 194.4 915 420.2

random 5 1.2 1080 247.8 460 142.1

ɹ

ʹ͓͍ͯ Frame 1 Ͱͨ͠ࢹΠϯϕʔμʔΛܸഁ͍ͯ͠
Δɽ͔͜͜ΒɼSpace InvadersͰܸഁ͢ΔΠϯϕʔμʔ
Λೝࣝ͠ɼΤʔδΣϯτΛ੍͍ͯ͠ޚΔͱ͑ߟΒΕΔɽ·
ͨɼਤ 2(a)(b)(c) ͷ State value ͔ΒɼBreakout Ͱϒ
ϩοΫɼMs.Pac-ManͰΫοΩʔɼSpace InvadersͰ
ΠϯϕʔμʔΛ͍ͯ͠ࢹΔɽͦͯ͠ɼͨ͠ࢹମͷݮ
গʹ߹ΘͤྖࢹҬ͕ॖখ͍ͯ͠Δɽ͜ΕΒͷ݁Ռ͔Βɼ
PolicyͷMask-attentionݱঢ়ଶʹର͠ߦಈʹ݁͢Δ
ମɼState valueͷMask-attentionείΞʹد༩͢Δ
ମΛද͍ͯ͠Δͱ͑ߟΒΕΔɽ

4.4 Mask-attentionͷ༗ޮੑ
Mask A3C ʹΑΔߦಈͷ֮ࢹతઆ໌Λ͏ߦʹ͋ͨΓɼ

Mask-attention ͕Ϟσϧͷग़ྗͰ͋Δํࡦʹରͯ͠༗ӹ
ͳྖҬΛද͍ͯ͠Δ͔͢ূݕΔɽํূݕ๏ͱͯ͠ɼMask
A3Cʹ͓͚Δ Policy branchͷMask-attentionΛస͠
ͨϚοϓΛ࡞͠ɼͦͷϚοϓΛ Attentionߏػʹ༻͍ͨ
߹ͷείΞΛࢉग़͢ΔɽMask-attentionΛస͢Δ߹
ͱస͠ͳ͍߹ʹ͓͚ΔείΞΛൺֱ͢Δ͜ͱͰɼMask-
attention తઆ໌ʹ༗ޮͰ͋Δ͜ͱΛ֬ೝ֮͢ࢹಈͷߦ͕
Δɽද 2ʹɼMask-attentionͷసʹΑΔείΞൺֱΛࣔ
͢ɽද 2͔ΒɼશήʔϜʹ͓͍ͯ inverse͕ normalͱൺֱ
ͯ͠ஶ͘͠είΞ͕Լ͠ɼrandomͱಉͷείΞͰ͋
Δɽ͕ͨͬͯ͠ɼPolicy branchʹ͓͚ΔMask-attention

ɼߴείΞΛ֫ಘ͢Δߦಈʹରͯ͠༗ӹͳྖҬΛ֫ಘ͠
ͨͱ͑ݴΔɽ

5.͓ΘΓʹ
ຊڀݚͰɼਂڧԽֶशͷදతͳख๏Ͱ͋ΔA3Cʹ

AttentionߏػΛಋೖͨ͠Mask A3CΛఏҊͨ͠ɽMask
A3CͰɼਪ࣌ʹMask-attentionΛՄࢹԽ͢Δ͜ͱͰɼ
ΤʔδΣϯτͷߦಈબʹର͢Δஅࠜڌͷ֮ࢹతઆ໌Λ
ͳλεΫࡶෳʹߋͳͲͷޚɼϩϘοτ੍ޙࠓɽͨ͠ݱ࣮
ͷద༻ͱՄࢹԽʹऔΓΉ༧ఆͰ͋Δɽ
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