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1.͸͡Ίʹ
Generative Adversarial NetworksʢGANsʣ͸ Gener-

ator͓Αͼ DiscriminatorΛఢରతʹֶश͢Δ͜ͱͰɼ࣮
ࡏͳ͍ը૾Λੜ੒͢Δख๏Ͱ͋ΔɽGenerator͸ɼજ͠ࡏ
ม਺Λ༻͍ͯը૾Λੜ੒͠ɼੜ੒ը૾͕ Discriminatorʹ
ΑΓ࣮ը૾ͱࣝผ͞ΕΔΑ͏ʹֶश͢ΔɽDiscriminator
͸ɼ࣮ը૾ͱੜ੒ը૾ΛࣝผͰ͖ΔΑ͏ʹֶश͢ΔɽGANs
ͷֶश࣌ɼGeneratorͷੜ੒ը૾ʹภΓ͕ੜ͡ΔͱɼDis-
criminator͸࣮ը૾ͱੜ੒ը૾Λ؆୯ʹࣝผͰ͖ɼϞʔυ
่յΛ͜͢͜ىͱ͕͋Δɽ͜ͷ໰୊Λղܾ͢ΔͨΊʹɼෳ
਺ͷGeneratorΛ༻͍Δ͜ͱͰɼϞʔυ่յͷൃੜΛ཈੍
͢Δख๏͕ఏҊ͞Ε͍ͯΔ [2]ɽ͔͠͠ɼ͜ͷख๏͸ Gen-
erator͕ಠཱͯ͠ը૾Λੜ੒͢ΔͨΊɼੜ੒ը૾ʹภΓ͕
ੜ͡Δ໰୊͸ղܾ͍ͯ͠ͳ͍ɽͦ͜ͰɼຊڀݚͰ͸ੜ੒ը
૾ͷภΓΛ཈੍͢ΔͨΊʹɼෳ਺ͷGenerator͕஌ࣝΛస
Ҡ͠ͳ͕Βڞಉֶशͯ͠ը૾Λੜ੒͢Δख๏ΛఏҊ͢Δɽ

2.ؔ࿈ڀݚ
ैདྷख๏Ͱ͋ΔDeep Convolutional GANs͓ΑͼMulti-

Agent Diverse GANsʹ͍ͭͯड़΂Δɽ
Deep Convolutional GANsʢDCGANsʣ[1]͸ɼ৞

ΈࠐΈ૚Λ༻͍Δ͜ͱͰੜ੒ը૾ͷ࣭Λ্ͨͤ͞޲GANs
ͷख๏Ͱ͋Δɽ࣮ը૾ͱͯ͠ਖ਼໘ͷإը૾ͷΈͷσʔλ౳
ͷྨͨ͠ࣅσʔλͷΈѻ͏৔߹ʹ͓͍ͯ͸ɼ࣮ը૾ͱ۠ผ
͕Ͱ͖ͳ͍઱໌ͳը૾Λੜ੒Ͱ͖Δɽֶश͢ΔࡍʹϞʔυ
่յ͕ൃੜ͢Δ৔߹͕ଟ͘ɼ҆ఆֶͨ͠श͕ࠔ೉Ͱ͋Δɽ

Multi-Agent Diverse GANsʢMAD-GANsʣ[2]͸ɼ
ෳ਺ͷGenerator͓Αͼ̍ͭͷDiscriminatorͰߏ੒͞Ε
ͨGANsͷख๏Ͱ͋ΔɽDiscriminator͸࣮ը૾ͱੜ੒ը
૾Λࣝผ͢ΔͷΈͳΒͣɼͲͷGenerator͔Βੜ੒͞Εͨ
ੜ੒ը૾Ͱ͋Δ͔Λࣝผ͢ΔΑ͏ʹֶश͢ΔɽMAD-GANs
͸ɼ̍ͭ Generator͕ੜ੒͢Δը૾ʹภΓ͕ੜͨ͡৔߹ɼ
ଞͷGenerator͸ภͬͨը૾ͱ͸ҟͳΔը૾Λੜ੒͓ͯ͠
ΓɼDiscriminator͸࣮ը૾ͱੜ੒ը૾Λ؆୯ʹ͸ࣝผͰ
͖ͳ͍ɽ͜ΕʹΑΓɼMAD-GANsΛ༻͍Δ͜ͱͰϞʔυ
่յͷൃੜΛ཈੍͢Δ͜ͱ͕ՄೳͱͳΔɽ͔͠͠ɼੜ੒ը
૾ͷภΓ͕ੜ͡Δ͜ͱࣗମΛ๷͙͜ͱ͸Ͱ͖ͳ͍ɽ

3.ఏҊख๏
ຊڀݚͰ͸ෳ਺ͷGeneratorΛ༻ֶ͍ͯशΛ͍ߦɼGen-

erator͕͍ޓͷ஌ࣝΛసҠ͠ͳ͕Βڞಉֶशͯ͠ը૾ੜ੒
Λ͏ߦ GANsͷख๏ΛఏҊ͢Δɽ

3.1 GANsͷڞಉֶश
ఏҊख๏ͷωοτϫʔΫߏ଄Λਤ 1 ʹࣔ͢ɽֶशʹ࢖

༻͢Δ Generator ͷ਺Λ k ͱ͢Δͱɼ֤ Generator ͸
G1, . . . , GkͰද͞ΕΔɽ֤ Generator͸ɼજࡏม਺ z ∼ Pz

Λ༻͍ͯੜ੒ը૾Λੜ੒͢ΔɽͦͷͨΊɼkຕͷੜ੒ը૾͕
ಘΒΕΔɽ·ͨɼ֤Generatorͷಛ௃Ϛοϓ·ͨ͸ੜ੒ը
૾Λ஌ࣝసҠάϥϑΛ༻͍ͯసҠͤ͞Δ͜ͱͰɼGenerator
ಉ࢜Ͱͷ஌ࣝͷ఻ୡΛՄೳʹ͍ͯ͠ΔɽDiscriminator͸
DͰද͞Εɼ࣮ը૾ͱੜ੒ը૾Λࣝผ͢ΔͷΈͳΒͣɼͲ
ͷ Generator ͔Βੜ੒͞Εͨੜ੒ը૾Ͱ͋Δ͔Λࣝผ͢
ΔɽͦͷͨΊɼ࠷ऴ૚ͷग़ྗ஋ͷϢχοτͷ਺͸ k+ ݸ1
ͱͳ͓ͬͯΓɼιϑτϚοΫεؔ਺Λ༻͍ͯΫϥεείΞ
d1, . . . , dk+1 Λग़ྗ͢ΔɽείΞ d1, . . . , dk ͸֤ Gener-
ator ͔Βੜ੒͞Εͨੜ੒ը૾Ͱ͋Δ֬཰Λද͠ɼείΞ
dk+1 ͸࣮ը૾Ͱ͋Δ֬཰Λද͢ɽωοτϫʔΫ಺෦ʹ͸ɼ
ֶशͷ҆ఆԽΛਤΔͨΊɼBatch Normalization͕༻͍Β
ΕΔ৔߹͕ଟ͍ɽ͔͠͠ɼGANsʹ͓͚Δֶशͷ҆ఆԽʹ
͸ Batch Normalization͸ෆे෼Ͱ͋Δɽͦ͜Ͱɼຊख๏
Ͱ͸ Discriminator ʹ Spectral NormalizationʢSNʣΛ
ಋೖ͢Δɽ͜ΕʹΑΓɼଛࣦؔ਺ʹมߋΛՃ͑Δ͜ͱͳ͘
Ϟʔυ่յΛ཈੍͠ɼGANsʹ͓͚Δֶशͷ҆ఆԽΛਤΔ
͜ͱ͕ՄೳͱͳΔɽ

ਤ 1: ఏҊख๏ͷωοτϫʔΫߏ଄

3.2 ஌ࣝసҠάϥϑʹΑΔ࠷దԽ
ఏҊख๏͸ɼ஌ࣝసҠάϥϑΛಋೖ͢Δ͜ͱͰɼ֤Gen-

erator͕͍ޓʹ஌ࣝసҠ͠ͳ͕Βֶश͢Δɽ̏ͭͷ Gen-
eratorΛ༻͍ͨ৔߹ʹ͓͚Δ஌ࣝసҠάϥϑΛಋೖͨ͠ఏ
Ҋख๏Λਤ 2ʹࣔ͢ɽֶशʹ࢖༻͢ΔGeneratorͷ਺Λ k
ͱ͢Δͱɼ֤Generator͸G1, . . . , GkɼDiscriminator͸
DͱͳΓɼϊʔυͱͯ͠ද͢ɽ֤Generatorͷϊʔυؒʹ
͸̎ͭͷΤοδΛఆٛ͠ɼͦΕͧΕҟͳΔ͖޲ͷ༗޲άϥ
ϑͰද͢ɽ֤Τοδͷ͖޲͸ɼֶश࣌ʹޯ഑ͷ৘ใ͕఻Θ
Δํ޲Λද͍ͯ͠Δɽ֤GeneratorͷϊʔυؒͷΤοδ͸
Generator ಉ࢜ͷ஌ࣝͷ఻ୡΛද͠ɼi ൪໨ͷ Generator
ͷΤοδLD,i͸ i൪໨ͷGenerator͕ੜ੒ͨ͠ੜ੒ը૾͕
Discriminatorʹ࣮ը૾ͱ൑அ͞Ε͔ͨͲ͏͔ͷ৘ใͷ఻
ୡΛද͢ɽ·ͨɼΤοδ Ladversarial ͸ɼDiscriminatorͷ
ࣝผ݁Ռ͕ਖ਼͍͔͠Ͳ͏͔ͷ৘ใͷ఻ୡΛද͢ɽ֤Τοδ
ʹ͸ݸผͷଛࣦؔ਺Λఆٛ͠ɼ֤Generatorͷํ޲Λ͍޲
ͨΤοδͷଛࣦؔ਺ʹ͸ήʔτؔ਺Λಋೖ͢Δ͜ͱͰɼ఻
೻͞ΕΔଛࣦΛ੍͢ޚΔɽຊख๏Ͱ͸ɼήʔτؔ਺ͱͯ͠
Through GateɼCutoff GateɼNegative linear Gate͓Α
ͼ Positive linear GateΛ༻͍ΔɽThrough Gate͸ɼೖ
ྗ͞Εͨαϯϓϧ͝ͱͷଛࣦΛͦͷ··௨ؔ͢਺Ͱ͋Δɽ
Cutoff Gate͸ଛࣦΛ 0ͱ͠ɼଛࣦͷࢉܭΛߦΘͳ͍ؔ਺
Ͱ͋Γɼ೚ҙͷΤοδΛ੾அ͢Δ͜ͱ͕Ͱ͖ΔɽNegative
linear Gate͸ֶश͕ਐΉʹͭΕͯଛࣦΛݮগͤ͞Δؔ਺Ͱ
͋Γɼֶशͷং൫͸ Through Gateɼऴ൫͸ Cutoff Gate
ͱಉ͡ॲཧͱͳΔɽPositive linear Gate ͸ֶश͕ਐΉʹ
ͭΕͯଛࣦΛ૿Ճͤ͞Δؔ਺Ͱ͋Γɼֶशͷং൫͸ Cutoff
Gateɼऴ൫͸ Through Gateͱಉ͡ॲཧͱͳΔɽ

ਤ 2: ෳ਺ͷ Generatorʹ͓͚Δ஌ࣝసҠάϥϑʢk = 3ʣ

3.3 ֶशํ๏
ఏҊख๏Ͱ͸ɼDiscriminatorͷֶश͓Αͼ Generator

ͷֶशΛަ܁ʹޓΓฦ͢͜ͱͰ GANs ͷֶशΛ͏ߦɽ·
ͨɼDiscriminatorͷֶश͸MAD-GANsͱಉ༷Ͱ͋Δɽ

Generator ͷֶश͸ɼ֤ Generator ͷੜ੒ը૾͕ Dis-
criminator ʹΑΓ࣮ը૾ͱࣝผ͞ΕΔΑ͏ʹ͏ߦɽ·ͨɼ
ఏҊख๏Ͱ͸஌ࣝసҠάϥϑʹԠͯ͡ɼ֤Generator͕ޓ
͍ͷ஌ࣝΛసҠ͠ͳ͕Βֶश͢Δɽ֤Generatorͷϊʔυ
ؒͷΤοδ͸ Generatorಉ࢜ͷ஌ࣝͷ఻ୡΛද͠ɼi൪໨
ͷ GeneratorͷΤοδ LD,i ͸ i൪໨ͷ Generator͕ੜ੒



ͨ͠ੜ੒ը૾͕ Discriminatorʹ࣮ը૾ͱ൑அ͞Ε͔ͨͲ
͏͔ͷ৘ใͷ఻ୡΛද͢ɽGeneratorͷϊʔυؒͷΤοδ
Ͱɼt൪໨ͷGeneratorͷ஌ࣝΛ s൪໨ͷGeneratorʹస
Ҡ͢Δࡍͷଛࣦؔ਺Λ Lt,s ͱ͠ɼi ൪໨ͷ Generator ͕
ੜ੒ͨ͠ੜ੒ը૾͕ Discriminatorʹ࣮ը૾ͱ൑அ͞Εͨ
͔Ͳ͏͔Λද͢ଛࣦؔ਺Λ LD,i ͱ͢Δɽ·ͨɼ֤Τοδ
ʹ͓͚Δήʔτؔ਺͸ Gate(·)ͱ͢ΔɽGeneratorͷֶश
Ͱ͸ɼ֤ Generator ʹೖྗ͞ΕΔજࡏม਺ z ∼ Pz ͸ಉ
Ұͱ͢Δɽ࠷ऴతͳ֤Generatorͷଛࣦؔ਺͸Τοδ͔Β
ಘΒΕͨ Lt,s ͓Αͼ LD,i Λ૯࿨ͯ͠ࢉग़͢Δɽ࢖༻͢Δ
Generator ͷ਺Λ k ͱ͢ΔͱɼDiscriminator ʹରͯ͠ i
൪໨ͷGenerator͕ੜ੒ͨ͠ੜ੒ը૾Λೖྗͨ͠ࡍͷࣝผ
݁Ռ͸ d(i) = d(i)1 , . . . , d(i)k+1 Ͱද͞ΕΔɽ·ͨɼਖ਼ղϥϕ
ϧ͸ tg = tg1, . . . , t

g
k+1 Ͱද͞Εɼtgk+1 ͕ 1 Ͱͦͷଞ͕ 0

ͷϕΫτϧͱͳΔɽ͜ͷͱ͖ɼଛࣦؔ਺ LD,i ͸ࣜ (1)ͱ
ͳΔɽ

LD,i = Gate

(
−

k+1∑

j=1

tgj loge d
(i)
j

)
(1)

ఏҊख๏Ͱ͸ɼಛ௃ϚοϓΛసҠ͢Δ͜ͱʹΑΓɼ஌ࣝస
ҠΛ͏ߦɽಛ௃Ϛοϓͷνϟωϧ൪߸Λ c = 1, . . . , Cɼಛ
௃Ϛοϓͷ૚ͷҐஔΛm = 1, . . . ,Mɼಛ௃ϚοϓͷϕΫτ
ϧ൪߸Λ n = 1 . . . , N ͱ͢Δͱɼi൪໨ͷ Generatorͷಛ
௃Ϛοϓ͸ Fi,m,c,n Ͱද͞ΕΔɽ͜ͷͱ͖ɼϋΠύʔύϥ
ϝʔλΛ αͱ͢Δͱɼଛࣦؔ਺ Lt,s ͸ࣜ (2)͓Αͼࣜ (3)
ͱͳΔɽ

Q(m,n)
i =

1
C

C∑

c=1

F 2
i,m,c,n (2)

Lt,s = Gate

⎛

⎜⎝
α

MN

M∑

m=1

N∑

n=1

⎛

⎜⎝
Q(m,n)

t∥∥∥Q(m,n)
t

∥∥∥
2

− Q(m,n)
s∥∥∥Q(m,n)
s

∥∥∥
2

⎞

⎟⎠

2⎞

⎟⎠ (3)

4.ධՁ࣮ݧ
ैདྷख๏ͱͷൺֱʹΑΓɼఏҊख๏ͷ༗ޮੑΛௐࠪ͠ɼ

͸ɼ10ΫϥεͷʹݧΔɽ࣮͢ࡧదͳ஌ࣝͷసҠํ๏Λ୳࠷
Ұൠ෺ମͷΧϥʔը૾Ͱߏ੒͞Ε͍ͯΔ CIFAR-10σʔλ
ηοτΛ༻͍ɼֶ श༻ͷαϯϓϧͰ͋Δ 50, 000ຕΛ 64×64
ʹϦαΠζͯ͠࢖༻͢Δɽຊ࣮ݧͰ͸ɼϕʔεͷGANsͷ
ख๏ͱͯ͠DCGANsΛ༻͍Δɽ·ͨɼ஌ࣝసҠάϥϑʹ͓
͚Δήʔτؔ਺ͷ୳ࡧճ਺Λ 1, 500ͱ͠ɼ֤Generatorʹ
͓͚Δੜ੒ը૾ͷ Inception ScoreʢISʣΛ࠷େԽ͢Δήʔ
τؔ਺ͷ૊Έ߹ΘͤΛ୳͢ࡧΔɽֶश࣌ͷόοναΠζΛ
256 ͱ͠ɼֶशճ਺Λ 50ɼ֤ Generator ʹೖྗ͢Δજࡏ
ม਺ͷ࣍ݩ਺Λ 100ɼϋΠύʔύϥϝʔλ αΛ 1, 000ͱ͢
Δɽੜ੒ը૾ͷ࣭ΛධՁ͢Δࢦඪͱͯ͠ IS͓Αͼ Fréchet
Inception DistanceʢFIDʣΛ༻͍Δɽ·ͨɼIS͸͍ߴ஋ɼ
FID͸௿͍஋ʹͳΔ΄Ͳੜ੒ը૾ͷ࣭͕͍͜ߴͱΛදͯ͠
͍Δɽ

4.1 ఏҊख๏ͷ༗ޮੑͷௐࠪ
ຊ࣮ݧͰ͸ɼDCGANs͓ΑͼMAD-GANsɼఏҊख๏

ʹ͓͚Δੜ੒ը૾ͷ࣭Λൺֱ͢ΔɽDCGANs͸ SNͷಋೖ
ͷ༗ແʹΑΔ̎ύλʔϯΛൺֱର৅ͱ͢ΔɽMAD-GANs
͓ΑͼఏҊख๏͸ SNΛಋೖ͠ɼGeneratorͷ਺Λ 3ͱ͢
Δɽֶशճ਺Λ 200 Epoch ͱ͠ɼֶशऴྃ࣌ͷϞσϧύ
ϥϝʔλΛ༻͍ͯධՁΛ͏ߦɽ֤ख๏ͷ IS͓Αͼ FIDΛ
ද 1ʹࣔ͢ɽද 1ΑΓɼఏҊख๏͸ IS͕࠷΋͍ߴ஋ͱͳ
Γɼ࠷΋ੜ੒ը૾ͷ࣭͕͍͜ߴͱ͕֬ೝͰ͖ΔɽFID͸ SN
Λಋೖͨ͠ DCGANs͕࠷΋௿͘ɼఏҊख๏΋ಉ༷ʹ௿͍
஋Ͱ͋ΔɽGAN ͸ֶश͕ਐΉͱɼIS ͱ FID ͕τϨʔυ
Φϑͷؔ܎ʹ͋Δ͜ͱ͕஌ΒΕ͍ͯΔɽຊ࣮ݧʹ͓͚Δఏ
Ҋख๏͸ɼ֤ Generatorʹ͓͚Δੜ੒ը૾ͷ ISΛ࠷దԽ
ର৅ͱ͠ɼ࠷େԽ͢Δήʔτؔ਺ͷ૊Έ߹ΘͤΛ୳ͨ͠ࡧɽ
ఏҊख๏͸࠷దԽର৅Λ FID ͱ͠ɼ࠷খԽ͢Δήʔτؔ
਺ͷ૊Έ߹Θͤͷ୳ࡧʹΑΓɼFIDʹಛԽͨ͠ख๏΋࣮ݱ
Ͱ͖Δɽ

4.2 ੜ੒ը૾ͷՄࢹԽ
MAD-GANs͓ΑͼఏҊख๏ʹಉҰͷજࡏม਺Λೖྗ͠ɼ

ੜ੒ͨ͠ը૾Λൺֱ͢Δɽੜ੒ը૾ͷՄࢹԽ݁ՌΛਤ 3ʹ
ࣔ͢ɽਤ 3ͷ݁Ռ͔ΒɼఏҊख๏͸࣮ը૾ʹ͍ۙը૾͕ੜ
੒Ͱ͖͍ͯΔ͜ͱ͕֬ೝͰ͖Δɽ

ද 1: IS͓Αͼ FIDͷൺֱ݁Ռ

SN IS ↑ FID ↓

DCGANs
4.57± 0.03 25.79

! 4.77± 0.05 21.17

MAD-GANs ! 4.77± 0.03 28.76

ఏҊख๏ ! 5.37± 0.09 23.77

࣮ը૾ − 8.70± 0.14 −

(a) MAD-GANs

(b) ఏҊख๏
ਤ 3: ੜ੒ը૾ͷՄࢹԽ݁Ռ

4.3 ஌ࣝసҠάϥϑͷ࠷దԽ
ఏҊख๏ʹ͓͍ͯɼ஌ࣝసҠάϥϑΛ༻͍ͨήʔτؔ

਺ͷ୳ࡧΛ 1, 500 ճ͍ߦɼ஌ࣝͷ఻ୡํ๏Λ࠷దԽͨ͠ɽ
దԽର৅Ͱ͋Δ֤࠷ Generatorʹ͓͚Δੜ੒ը૾ͷ IS͕
େͷ஋ͱͳͬͨάϥϑΛਤ࠷ 4 ʹࣔ͢ɽ੺৭ͷΤοδ͕
Positive linear Gateɼփ৭ͷΤοδ͕ Through Gate Λ
ද͍ͯ͠ΔɽG1 ͸ɼଞͷ Generator͔Β஌ࣝΛసҠ͞Ε
ͳ͍G2ͱൺֱͯ͠ ISͷ஋͕͘ߴɼ஌ࣝͷసҠ͸ੜ੒ը૾
ͷ࣭ͷ্޲ʹ༗ޮͰ͋Δͱ͍͑Δɽ·ͨɼGeneratorؒͷ
஌ࣝͷసҠ͸ֶशॳظ͸ෆཁͰ͋Γɼֶश͕ਐΉʹͭΕͯ
సҠ͢Δͱྑ͍͜ͱ΍ɼG3 ͸ G1 ͷόοϑΝͷΑ͏ͳ໾
ׂΛՌͨ͢͜ͱͰɼG1 ͷֶशͷ҆ఆԽʹد༩͍ͯ͠Δ͜
ͱ͕֬ೝͰ͖Δɽ

ਤ 4: ஌ࣝసҠάϥϑͷ࠷దԽ݁Ռ
5.͓ΘΓʹ
ຊڀݚͰ͸ෳ਺ͷGenerator͓Αͼ̍ͭͷ Discrimina-

torΛ༻͍ͯɼͦΕͧΕͷ GeneratorͰ஌ࣝΛసҠ͠ͳ͕
ΒڞಉֶशΛ͏ߦख๏ΛఏҊͨ͠ɽධՁ࣮ݧʹΑΓఏҊख
๏ͷ༗ޮੑΛ֬ೝͨ͠ɽޙࠓ͸ෳ਺ͷ DiscriminatorΛ༻
͍Δ͜ͱͰɼΞϯαϯϒϧޮՌʹΑΓੜ੒ը૾ͷ͞ΒͳΔ
࣭ͷ্޲Λ໨͢ࢦɽ
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