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Ḿἰ ἄ₩ᶚεGANζῳוּ￼ ệ҃ẬҚ├ ￼ᶃӵᵀἄ ‛  Ӈῗι

ṓ ᶈӔּז GAN ῂҚ ￼ ềḙѽΆ ᴨệִ҃ℓἄוιӇḜҪṰ ᶢ

҈ ￼Ά│ἍᴨҦ  ᶈ ṪӐѧιἅҪ ῎ᶃӵּוἄ ￼ ℓӞ ҃ᶈ

ềḙѽі￼Ῐ ώ״  ἅҪ￼Ά│ BigBiGAN ấ ᶈῳӾ ￼ BigGAN ₩ᶚѳіι

ז▌ ᵸᵙӢᾡֶָᵸṄԎἛṝֹ ềḙѽ  ἅҪẍ┌ ӂ҃ Ҏ

BigBiGAN ₩ᶚ￼ ềḙѽᵙּוἄו ι ῎ Ҏᶢ҈ּוἄ￼₩ᶚᶈ ImageNet і

￼ῂ ềḙѽҨᴣῂ‍ҭᶃӵּוἄѧḫ҃אῳӾ ￼Ἡ   

 
 
1  

 

       ẉ‎ιἅҪṰ ֹ ᾭὯіּוἄ₩ᶚ￼ồ ṝ ⱡ Ҏ₩ᶚҨׁҝ ҈ԏῶᴅ₩Ẫἆ

Ṉ₩Ẫ￼֫ṵᶟιḜҪ ‗ ᴅћ֫ ꞌӉιӇ ấ₩ᵙ ҭ￼ ℓιḜҪṰ ệ҃ҧҚӡῸᶊ

 ἄᶶוּ ᶺ₩ỗ ֫ ꞌᶃӵ֫ṵ￼ ,1,17]ד 19]  

       ᶊιᶈ⸗ḧᶟѧּוἄᾭὯ￼ ד ẙת Ἅ ᶟ￼ Ѳ Ѧỳ│ԏῶ ῼ￼ Ậדι

ᵼѭᴝḊᾭὯῃӝὰ - ҡҊ ‎◊֡Ѷῂ ӗẔ - ẊћѨḹιᶃӵץᵍ￼ӡỤ ᶺ҈Ԑᶚ￼ֶ

ָớ ᵸḙѽ₩ᶚҝ ╜ ҎᶃⱭ￼ ‰ ⱡ ι ⱡּוἄ₩ᶚ￼ ℓῗјᴵᵋ ￼ιӇҠḕ

ᶈӪệ҅ ￼ χ Ҏ₩ᶚḙѽ҃Ҝѱ ѲιҨᴣḅӍַּזḜҪ ềḙѽό 

       ҝ ת⃰ ᴝḊᾭὯӐѭἐⅎ אἄ￼ỳ│֡Ѷ≡ῶḫוּ ᴦιῳἄו￼ῂ ḙѽΆ│

҃זַּ ḙѽ ᶟ Ἡ ι￼זּ ῗ ѭ ἅ ḙѽ￼Ά│[3,38,35,8] ҎΆ│ Ẃ╧

ᴣҨ• ΆẪᾡᴪἆ ᾭὯ￼•ҎΆ ιẊ ₩ᶚҨ ╜ἆּוἄ ᷂ӡỤ￼ᴿѦΆ ӕḅι

[37,38]ώ֧҃Ẽ Ӑѭῂק ḙѽ￼ἐⅎιԎѧ₩ᶚ ҄ Ԅᶃӵѧ￼ ￼Ḓ ιẊћ

Ҩ ╜Ѣ᷂￼  

       Ӑѭῂ ḙѽἐⅎ￼ּוἄ₩ᶚѭ ἅ ￼үחώӗ҃ ῶ Ậד￼ῲҦΆ⁮ιᵼѭḜҪ

ἄḾḢᾯᾭὯ֫ṵ ấ₩ ῂ ḾᴝḊᾭὯ үӍӢᾡ Ṱ Ẕּ҈ז ềḙѽ￼ ₩ἄוּ

ᶚῗּוἄḾἰ εGANζ[10]  GAN⁭‟ѧ￼ּוἄᵸῗҡ   ‾￼☺ᶈᴪ εѼ ѭñᵹᶲòζֹ

ׁ￼ἄᾭὯוּ ῑṃιԎѧḙѽӡᴺּי ￼ֶָᵸώӗιҨ֫תḫ ᵙּוἄ￼ᾭὯ‾ ιẬṀ

￼ἄᵸוּ ֧ ᵀ ḫᾭὯ֫ṵ ḾӚḙѽὸתεALIζ[7]ἆᴥᵇ GANεBiGANζ[4]Ά│ῗ 
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ᶃ 1χ BigBiGAN ⁭‟￼ ‗  ᵀֶָᵸ D ҈זּ Ὣ᷂  Ḝ￼ ԄῗᾭὯ☺ᶈḾιᴏ

ιҡᾭὯ֫ṵ Pxᵙ ᵸ E￼ ֧ѧ ‾ιἆ ῗ ιҡּוἄᵸ G￼

֧ᵙ☺ᶈ֫ṵ Pz ѧ ‾  Ὣ᷂ ὐץ ӺᾭὯ ᵙ Ӻ ιҨᴣṄᾭὯᵙ ‎￼ ᵀ

 

 
 

ấ Ӑѭ GAN ⁭‟￼Ἓṝι ᵸ₩ᶒṄḫ ᾭὯῑṃֹ☺ᶈ ￼ΆẪᶭẶ‰֝ GANι

ḫ іῗּוἄᵸḙѽ￼ῑṃ￼  

       ᶈῳҸֶָᵸ￼‖ ѧι[4] ῎ Ѧ ḧ￼ BiGAN ￼ ѭ ӆ҈ ט ᵸιῳᶽ ẙᶊ Ӊ

҃ ‗ἄ  ⱡ ι ‗ Ṯ￼ ẻẪּיᴠᾭֶָᵸ֘ḧι јῗ ᴅ￼ӵ ╜ ιḅ Ṯ

ᵸֶָ҈יּ Ẃῗ ѦẶᶽ￼ ιᵼ℅ṸῺḜҺғּו Ѧ ềιᴏẶ ‗ѧ￼ɒ Ѳɓ

ι јῗӉ  

       ᶈ[4]ѧι ῎҃ BiGAN ἆ ALI ⁭‟ḙѽ￼ ᵸῗ ImageNet іּ҈זї▫үח￼ᴵ ק

ềḙѽ￼ῶᾦἐⅎ ⱡ ιḜӔּ҃ז DCGAN [28]‾Ẫּוἄᵸιῂ│ᶈ ᾭὯ іּוἄ ᶃ

ӵιᵼ℅ ᵸᴵҨấ₩￼ ѲѼ Ẃῶ ᶈ ṪӐѧιἅҪӔּז BigGAN [1] Ӑѭּוἄᵸ Ὰ

Ḭ Ά│ι ῗ Ҧ₩ᶚιא ᶼὪ ImageNet ᶃӵѧḕᶈ￼ ᶺ₩Ẫᵙᶽ ֫ ‗ ἅ

Ҫ￼ Ꞌḅїχ 

 

ɓ ῎ BigBiGANεῶ BigGAN ￼ἄᵸוּ BiGANζש ImageNet іῂ ềḙѽ￼ῳᾺ

Ἡ   

ɓ ѭ BigBiGAN ώ֧҃ Ѧ῭ ḧ￼ ᵀֶָᵸⱱ   

ɓ Ḿ₩ᶚ Ὅ ҃ԅ ￼ḫ ֫‘ᵙ╦  

ɓ ῎ ềḙѽ ‰ ῶ҈יῂ‍ҭệᶃӵּוἄιẊṝ ҃ῂ‍ҭ ImageNet ἄ￼ῳᾺוּ ‛  

 

2 BigBiGAN 
 

       BiGAN [4]ἆ ALI [7]Ά│ ώ Ӑѭ GAN [10]⁭‟￼ἛṝιӔệ ᶼḙѽᴵҨּזӐὸת₩ᶚ[7]

ἆ⸗ề [4]￼ ᵸ ḧᾭὯ x￼֫ṵ Pxεӕḅιᶃӵζᵙ☺ z￼֫ṵ Pzε Ẃῗ ӆᴿᵇ

ᵃớ Ᾱ Nε0, Iζ￼ ᴅ ֫ṵζιּוἄᵸ G₩Ὁ‍ҭ֫ṵ Pεx|zζιᾭὯ x ḧ☺ᶈ Ԅ zҡ

☺ᶈ￼Ӿ ֫ṵ Pzѧ ‾ιḅ‰֝ GAN ἄᵸ[10]וּ ᵸ EḾ ‍ҭ֫ṵ Pεz|xζ ấ₩ι

╜ҡᾭὯ֫ṵ Px ‾￼ ḧᾭὯ x￼☺ᶈ z  

ז▌҃        EѳᶹιBiGAN ⁭‟ѧḾ GAN ￼ᴰ Ӣᾡῗ ᵀֶָᵸ DιԎӐѭ ԄᾭὯ -  ☺

ᶈ Ḿεxι zζε јҝҝῗ‰֝ GAN ѧ￼ᾭὯ xζιẊћḙѽ֫תᾭὯ֫ṵᵙ ᵸḾι  
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љ☺ᶈ֫ṵᵙּוἄᵸḾ ԏӌᶊιḜ￼ ԄḾῗ ᵙ ιẊћ ᵙ

￼ ‰ῗ ӔѣѦҡ ҎḾѧ ‾￼ ᵀ֫ṵ ᵙ Ҩ֫תҡ ɒ₱ ɓֶָᵸ  [4,7]ѧ

￼Ḿἰớ‖ṇ‖ᶽ ‰ι ӆ҈ GAN ⁭‟[10]￼ ‰ιḧѲḅїχ 

 

       ᶈ Ѧ ‰їι[4,7] ῎ιῳҸ￼ Dι ᵙ ῳṇק ᵀ֫ṵ ᵙ ѳ ￼ Jensen-

Shannon ᾫẙιᵼ℅ᶈԅṕῳҸῊιѣѦ ᵀ֫ṵ ש = ι ӆ‎ ‰֝ GAN ￼ ‛[10]

℅ᶹι[4] ῎ιᶈ ᵙ ῗ ḧớ֩ᾭ￼ừ֙їεᴏḙѽ￼‍ҭ֫ṵ ᵙ ῗꜞἾԀ֩

ᾭ Ɯζι ѣѦ֩ᾭῗԅṕῳҸ￼ χӕḅι ιῳӓ ᵀֶָᵸῶᾦᶊḾ x ᵙ

zᾼ҃ז ấἄ   

       ⱡἅҪ￼Ά│￼ԋ ιBigBiGANιҠⱡљ BiGAN [4,7] ᵃιӇἅҪ ῳӾ҃זּ ￼

BigGAN [1] ‗‟ἄᵸᵙֶָᵸוּ￼ἄᶃӵ₩ᶚוּ ℅ѳᶹιἅҪᴧאᾡ ￼ֶָᵸ ‗ᴵҨᶈј

ẽᵠּוἄ￼ừ֙ї ệ῭Ḅ￼ ềḙѽ ‛εᶃ 1ζ Ѽṏῗ ι ҃[4,7]ѧώ֧￼ṄᾭὯᵙ☺ᶈ֫

ṵ ᶈ ￼ ᵀֶָᵸὫ᷂ѳᶹιἅҪᶈḙѽ ‰ѧώ֧҃ᴰᶹ￼ Ӻ ιḜҪҝῗᾭὯ x ἆ☺

ᶈ z ￼֩ᾭ ⱡ[4,7] ῎ᴝḊ BiGAN ‰Ṱ Ặֺḙѽ￼ ᵀ֫ṵᶈԅṕῳҸש ιῨ x ᵙ z

￼ ֫ṵѼש ι Ҏ Ӻ ᶊὝṀɒ⃰ Άᵇɓ￼Ҹק ῎ Ặֺ￼ΆẪἚ ℅Ά│ ӕ

ḅιᶈᶃӵּוἄ￼іїᾰѧιx і￼ ӺὫ᷂ љᴝḊ GAN ש‰ ιẊώӗḙѽӡᴺι ӡᴺҝ

ίֺּוἄᵸҨ꜠ ҈Ԏ☺ᶈ Ԅ￼֫ṵᴞש ḫᶃӵ֫ṵ  εᶈἅҪ￼ ӂѧιἅҪṄ֣

῎ Ҏ ἄᵙוᴵҨᾡᵱּז▌￼ ềḙѽ ζ 

       ԏӌᶊιֶָᵸὫ᷂ ᵙ ᵸ - ἄᵸὫ᷂וּ  ᶢ҈‰ ֶָᵸɒệ֫ɓ֩ᾭ ᵙ Ẕ￼ᴅ

‾ Ὣ᷂ ‎ḧѲḅїχ 

 

       Ԏѧ ῗּ҈ז ֶָᵸ[23,33] ￼ɒ ɓε ẕ 1ζιѼּ҈ז BigGAN 

[1]  ֶָᵸ DץὐѕѦḒ₩ᶒχFιH ᵙ J Fҝᴨ xӐѭ Ԅ H ҝᴨ zιẊћԎᴠᾭ xᵙ z￼

֧￼ḙѽἮẽ ֧‰ Ӻệ֫ ᵙ  ᶈἅҪ￼ḫ ѧιᾭὯ x ῗᶃӵι ☺ z ῗ ק‗

￼Ẉ ᵇ ψᵼ℅ιFῗ ConvNet ιẊћ H ῗ MLP  ḧ x ᵙ z￼ ᵀệ֫ ￼ӎ׆יּ D Ḓ₩

ᶒ J ֧ιJῗ Fᵙ H ￼ ֧￼֩ᾭ  

       Ҹק ᵙ ￼ᴠᾭƎҨῳṇקὫ᷂ ιẊћҸק D ￼ᴠᾭƁҨῳṇקὫ᷂  ӵỀẂ ‾ι

ῼῺ ῗ ṇἥ ￼ ⸗ᴊ╒‾ ӂ ￼  

 

3  

 

       ἅҪ￼ᶽᶺᾭḫ Ỉּ҈ז ӂῂ ḙѽἩ ￼‰֝ᴃ ι Ӿᶈ[37]ѧώ֧  ἅҪᶈ῾‰

￼ ImageNet і BigBiGANι֛ Ḝ￼ḙѽ 
 

1 ἅҪ ҃ ѦῲҦ￼ֶָᵸὫ᷂ ιḜᶈѕѦὫ᷂ ￼Ởᵙіᴱ זּ ₭ɒ ɓ

 Ӈᴧא ⅝і ￼ א ṮệᶺιᵼѭḜָ֫ḾѕѦὫ᷂ ѧ￼⅛

Ѧ ɒᶁḧ ɓ  
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ιⱡᵅᶈԎ ֧і ớ֫ ᵸιӔּזἍῶ ‰ ԅ  ἅҪ ╜ ᶃӵּוἄ

ớ ιἵᵓִḊ֫ᾭ[31]εISζᵙ Frèchet ִḊ [15]εFIDζӐѭ‰֝Ὕ‰  

 

3.1  
 

       ἅҪҡ Ѧẍ┌￼╦ ẦḊιἅҪ ὶ ӂ҃ ᶺấ₩ Ὅι ‛ḅ 1 Ἅ ᶈᴵ ￼

ừ֙їιἅҪּזјᵃ￼ ḒḾ⅛Ѧᴪӌ ѕ₭ Ẋἵᵓ⅛Ѧẙ ￼ẈᶎӪᵙ‰֝Ṯ  

       ἅҪҡ 128Ö128 ֫ ꞌεᶢ҈ ζ￼ ḾḢԅἄⱦ￼₩ᶚẦḊι ‟‗ᵙ D ￼ F ֫ ᴨ

BigGAN ѧ Ẕ￼ 128Ö128 ‟‗ιץὐ ὶᵙԊҕᵹᶲṧԄᶈ[1]ѧ  z ѭ 120 ι֫ѭԈ

20 ιḅ[1]ѧ Ἅ ι ԄѭԈṖѧ￼⅛ Ṗ  D -  H ᵙ J - ￼Ԏӎ ҭῗԏῶ ResNet ‾Ẫ

ὶ￼ 8 Ṗ MLPεᵺѦ⅍ӎᶒι⅛ѦԏῶѣṖζᵙᶽṇѭ 2048 Ѧ Ṗ  ‟‗ῗῳִᶈ[13]ѧ

ᶃӵ֫҈זּ ￼ ResNet-v2-50 ConvNet ιὶ ῗᶈ ResNet ￼ԅṕẈᶎᵀẊ ֧ѳᵅԏῶ

ὶεѣѦ⅍ӎᶒζ￼ 4Ṗ MLPεᶽṇ 4096ζ ῂ‍ҭ BigGAN ḾẔ҈[24]ѧώ֧￼ɒᴅ‰

ɓ ιԎѧᴅѦɒ Ὁɓ‰ תἍῶᶃӵε҈זּ і ᵃ҈ḙѽӭṮҦῲ ‍ҭἥ ᾭ Ԅζ

ⱡᵅἅҪ╦ ₩ᶚ￼֡ѦΆ ι ‛ᶈҨїⅎ ѧ ẹ Aѧώӗ҃ԎҤ‟‗ᵙҸק ᶺ

‛￼ḢᾯḙѽΎ ᵍᶈץ ẹ Dѧ  

       ▄ᶇ֪Ṵ Pz ᵘ ῡ ḅᶈ ALI [7]ѧιἅҪ￼ᶢ ₩ᶚ￼ ᵸ ῗ ḧớ￼ιᴠᾭ֫קṵ

ᶈ₩ᶚ￼ ֧ᶴּי ớṖ ֧  ́ᵙ ιẊћӔּז ɒsoftplus ɓ ớ  

[6]ҡ ῳ ‰֝ӭṮ ƫ ῳᵅ￼ z Ӕּז‎ [20]￼ ᴠᾭק￼ ‾ι ιԎѧ

љ ḧớ ᵸε ḧớ ζ ⅝ιԎ ὶᶈ≡ῶ ‾￼ừ֙ї ╜ zεῶᾦᶊṄ P

εz|xζấ₩ѭꜞἾԀ֫ṵƜζι ḧớᶢ ₩ᶚḫ҃א῎Ῐ῭Ḅ￼֫ ớ εῂ ἄἄ ζוּ ἅ

Ҫ ⅝ ҃Ӕּזᶎפ￼ ε ᶎפ PzζιԎѧ ḧ ớ ֧ ḧớᶊ ╜ ι

ḅᶈ BiGAN [4]ѧἍӮ￼ ‾ љ ḧớ Base₩ᶚ ⅝ι Ѽḫ҃א῭Ṯ￼֫ ‛  

       ӹὄ᷁ ἅҪ ӂֵ҃ 2 ᵙ ѧώ֧￼Ὣ᷂֩ᾭ￼ ѦἆѣѦ Ӻ ￼ẽᵠ ֵ

Ӻ ε ῂ ӺζḾẔ҈[4,7]ѧώ֧￼ᴝḊ ‰ Ễ῎Ῐιx Ӻ Ḿּוἄớ ῶỄᶽ￼⃰ ẽ

ᵠιBaseᵙ x ҝῶ Ӻ ￼ ISᵙ FID῎ῘҸ҈ z ҝῶ Ӻᵙῂ Ӻ ‛ԏῶ ỴѲιᵼѭ

Ḝљ‰ּ֝וἄᵸὫ ש ιḜ ỉώצּ ҃֫ ớ  z Ӻ ғּו῭ᶽ￼ Ṯầιᴵ ῗּ҈י

Ḿ ᴅ￼֫ṵεḅᴿᵇᵃớ Ᾱ֫ṵζ Ḿḳ῏ιӇѼṀ FIDΆ ￼֫ ᵙּוἄּצῶᾡ  -  ṎԎ

ῗ≡ῶ x εz ӺҝḾ⅝ῂ Ӻ￼ζ ᴰ Ά ιḾ҈ z ιIS῭ ᴵ ῗּ҈י IS ᶊצּ

╜ ἄᵸḾ֫ṵ￼Ѯוּ҃ ₩Ẫε ζ￼ ᶀ јῗᾯӌ￼֫ṵιᵅ ᴵҨ FID῭ḄᶊὪ

Ẋћ῭ᴵ יּ Ḅ￼ ᵸӞ εBigζBiGAN ѧ￼ᴵ ớ ∂ᴵҨ ἄᵸᶈᾯѦ☺ᶈוּכ

ѧғּוῶẍẙ￼ ֧ι јῗṄᶽ ☺ᶈ ɒἱᴬɓֹᴅ ₩Ẫ￼ᾭὯ֫ṵ  

       Ḳ ѭ҃ ἄᵸוּ֘ ᶈ ềḙѽѧ￼ ớ ιἅҪᾡᴪ҃ṇ ѧ ε ᵙ D ᶁḧζ

￼ḳ ᶢ ₩ᶚ￼ḳ ￼ѕ֫ѳ εṇ ε32ζζιᾯӌ₩ᶚ Ẃј ḧιẊћ⅝ ḳ ᶢ ₩

ᶚεԏῶѕ֫ѳ҇￼ḳ εṇ ε64ζζι ẕ 2ζ￼֫ ‛῎Ῐ῭Ṯιּוἄớ Ῐ ῭Ṯεљ

[1]ѧ￼ ‛ ש ζᵙ֫  
 
 

2 ṓ IS ᵙ FID ᶈṇ ε32ζ ѧ￼ּוἄớ ᶈἅҪ╜ ￼♇і ẂṮ -  Ẹ ֹԎῳӓ ֫ ớ

ε43.59βζῊ - ₩ᶚᶈ ΈῼּוἄῊ ֹ ιתѭᵀ῭א IS 14.69ᵙ FID 60.67  
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Ṯצּא Ҏ ‛ ḫιẶᶽ￼ᶃӵּוἄᵸḾ҈ ᵸḙѽ Ḅ￼ ề ḫỄ Ӭ

ԋ ᶈ῾‎ἄ ιἅҪṸῺ῭Ḅ￼ּוἄ₩ᶚᴵ ҺṀ ềḙѽ￼ ℓᾡᵱ  

        ֜ GAN ἅҪ Ṅ BigBiGAN ￼ᶃӵּוἄớ љ≡ῶ ᵸ E￼‰֝ῂ‍ҭ BigGAN Ҩᴣ

ֶָᵸѧ￼‰֝ F ConvNet ⅝ ιᴱῶὫ᷂ѧ￼ ε ῂ εGANζζ ⱡ‰֝ GAN ḫ

￼ỉ῭Ḅצּ҃א ISιӇ BigBiGAN FID ᶽ ᵃι ῎ BigBiGAN ᵙ D ԄјҺẽᵠז￼ 2 ѧ

ὼ ￼Ὰώ֧￼ ӺὫ᷂ ἄớוּ￼ ε ⅝ѳїι≡ῶ ӺὫ᷂ ￼₩ᶚ￼ⱱ  -  zᴱῶ Ӻ

ᵙ≡ῶ Ӻ -  ᶈ FID Ά ἄớוּ￼ ⅝‰֝￼ GAN Ṯệᶺ ζἅҪὸ╜῭ ￼ IS￼ᴝᵼι

ӆ҈ּ҈י ӺὫ᷂ Ṁ IS ῭ ￼ᴝᵼ ὶї‎ἅҪṄṝ ι ᶭẶ￼ ῭זּ ￼ Ԅ֫

ꞌιӔּז BigBiGAN ᶈ FIDΆ ֝‰⅝ἄוּ￼ GAN ᶽᶽᾡ  

       ֪ ♆ Ԏῑїᵂַ֪ײ ♆  BiGAN [4]ώ֧҃ Ḿ ιԎѧ ⅝זּ ֧῭

֫ ꞌ￼ᶃӵιD Ӑѭ Ԅι ῎ᶈї▫үחі זּ 128Ö128 ԄṾῶ 64Ö64 Ҹ҈ 64Ö64 

ἅҪᶈ BigBiGAN ѧṍ ιṄ Ԅ֫ ꞌώ ֹ 256Ö256  -  љԐᶚ ￼ ImageNet ֫

ѧӔּז￼֫ ꞌ ש  -  Ẋᶈ ѧᾡᴪ ֧ᵙ D Ԅ֫ ꞌ ἅҪᶈ 1ѧ￼

‛ε ֫ ꞌ ε256ζᵙӉ/ ֫ ꞌ ε*ζζ ῎ι ֫ ꞌ￼ᶭזιBigBiGAN ḫ҃א῭

Ḅ￼ ềḙѽ ‛ι ֹ 256Ö256 ￼Ḣᾯ ֫ ꞌ Ӈῗιᵼѭּז 256Ö256 ֫ ꞌ￼ ᾯӌ

₩ᶚỹệᶺιἅҪ￼ ‛￼Ԏӎ ֫Ӕּז 128Ö128 ֫ ꞌ￼  

       ῶ ￼ῗιӔּז῭ ֫ ꞌ￼ ιṓ Ҩ ᵃ￼֫ ꞌ ε ֫ ꞌ ε256ζḾ⅝ᶢ

ᾭζιӇῗּוἄῘ ᾡᵱεṎԎῗ FIDζ ҈זּ҃ ềḙѽᵙὸתѳᶹι Ḿ҈ BigBiGAN Ӑ

ѭᾡᵱḾἰớᶃӵᵀἄ  ἐⅎ￼☺דῗ ѦҧҚ ￼ ‛  

      ῾ῶ ӠὙ Ԅ֫ ꞌᶁḧѭ 256ιἅҪṍ ҃ᴿ ẂẂ῭ᶽ￼ ‟‗ιץὐ[21]ѧή ￼

֡ ResNet-50 ᴪӌ ⸗ָῗιἅҪṄ Ṗ￼ḳ Ἓṝ҃ 2 ἆ 4 ӤιẊṄ׆ӎᶒ ‗ҐὭѭ Ѧ

ᵄѭ RevNet [9] ￼ᴵ ᴪӌιԎṖᾭᵙḳ љ Ẕ￼ ResNets ᵃ  εἅҪӔּ[21]זѧὼ ￼

RevNet ⱱ  ζἅҪᴧאᶢ ResNet-50 ₩ᶚε ֫ ꞌ ε256ζζҸ҈ RevNet -50ε

RevNetζιӇ Ḵẙ￼ἛṝιἅҪẦḊ ֹ RevNet -50 ￼ᾡ ιᴥḴẙ RevNet ￼ớ Ҹ҈

ᵃḳ ￼ ResNetεRevNet Ö2ᵙ ResNet Ö2 ζ ἅҪ ῭ᶽ￼ᵺӤḴẙ RevNet ₩ᶚε

RevNet Ö4ζ ֹ҃ ℓ￼ᶭ ιἅҪṄԎּ҈ז 3.2 ѧ￼ῳ ‛  

       / ҷצ Ӑѭῳᵅ￼ᾡ ιἅҪṄ Ҹקᵸљ ￼Ҹקᵸ֫ ιẊᴧא ᴅᶊӔּז 10 Ѧ

῭ ￼ ḙѽ ꞌᴵҨῘ ז Ẋᾡᵱῳ ềḙѽ ‛ Ḿ҈ ResNet-50ι Ṅ ớ֫ ᵸ

ẙώ ҃ 3βεResNetεʏ  LRζљ ֫ ꞌ ε256ζζ ἅҪ ṄԎẔּ҈זἅҪῳᶽ￼ ‟

‗ RevNet -50 Ö4ιẊ ệ҃ ӆ￼ᶭ ε RevNet 4εʏ  LRζљ RevNet Ö4  

 

3.2  

 

       ỀḘѼ ἅҪאᶈ і ╦ ѧ￼ - ֫ ֝ ẙ ᴨῳӓ₩ᶚιẊᶈḥΆ

ImageNet іῘ ‛ιљῳ ￼ῂ ḙѽᾰꞋѧ￼אῶἩ  ⅝ ѭ҃ ⅝ ιἅ

Ҫ ώӗ҃Ӕּז ṇ￼ᶢ҈ ResNet-50 ￼ ￼ῳӓớ ᴪӌ￼֫ ‛ Ҏ₩ᶚḾẔ҈ 1 ￼ῳ

ᵅѣ ιResNetεʏ  LRζᵙ RevNet Ö4εʏ  LRζ  

       ‛Ῐ ᶈ 2 ѧ εӐѭᴠ ι Ҏ‟‗￼Ḣԅ ￼֝ ớᶈ ẹ Aι 4 ѧ ֧ ζљ

ᶺאҦ ἅ Ά│ ⅝[27,2,37,35,8,14 ]ᴣԎ ᵀ[3]ιἅҪ ᶢ҈ּוἄ₩ᶚ￼ BigBiGAN Ά

│ᶈ ềḙѽΆ א Ḅιᶈῳ ￼ῂ ḙѽѧԏῶῳᾺἩ ↨Ẉ 
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1χBigBiGAN ᴪӌ￼ ‛ιᶈּוἄᶃӵ￼ִḊ֫ᾭ[31]εISζᵙ Frèchet ִḊ [15]εFIDζѧ ֧ιҨᴣ

ᶢ҈ ᵻặ֫ ᵸ ᵸ⸗ề[37]￼ ImageNet top -1֫ ֝ ꞌ︣֫⅝εCls.ζι⁞Ὧҡ ѧ  Ἲ

‾￼ 10Kᶃӵ￼֫ב ιἅҪṄԎ ѭɒ ɓ֫ ᵸε ζ֯Ṅ ‟‗εAζὝḧѭ ResNetεSζ

ἆ RevNetεVζι▄ẙεD.ιӕḅ ResNet-50 ѭ 50ζι ḴẙѺᾭεC.ζι1 ‎ [13]￼ᴝḊḴẙι

Ԅᶃӵ֫ ꞌεRζιῗᵋ ╜ΆṮẊћҡệֹ￼֫ṵεVar.ζѧ ‾ z ιҨᴣ Ḿ҈ ḙѽ ꞌ￼ḙѽ ꞌ

Ѻᾭ  Generator ε ζ֯Ὕḧ BigGAN ѺᾭεC.ζιԎѧ 96 ḾẔ҈[1]￼ᴝḊḴẙιẊ ֧ᶃӵ֫ ꞌ

εR.ζ Ὣ᷂֯Ὕḧ ‰ѧḕᶈ BigBiGAN Ὣ᷂￼ᵤҎ  Pz ֯Ṅ Ԅ֫ṵὝḧѭ‰֝ᶢ Nε0ι1ζἆ

ᶎ֫פṵ Uε1ι1ζ ⅛ ѧᶢ  ￼῭ᾡҨ ֧Ῐ ԏῶ Ṯ ᶀ￼ ‛ε֒ѭɒ´ ° ƫɓζῗԏῶ

јᵃ   Ḓ￼ѕ₭ ￼ẈᶎӪᵙ‰֝ӭṮ  ε ῭ᶺ ￼ḫ ҝ ₭ ζε*ᶢ҈ῳӓ FID ώ

ׁӯ₿ ὍᴝḊ GANεῂ εGANζζ￼ ‛;ᶢ҈ ֫ ֝ ẙεCls.ζ ώׁӯ₿ ὍԎҤ ‛ ζ 

 

 

2χӔּז ᵻặ֫ ᵸḾḥΆ ImageNet і￼ BigBiGAN ₩ᶚљῳ ҅Ά│￼⅝  ᶢ҈ἅҪ

￼ 10K ᶃӵ￼ trainval Ḓ ￼ῳ ẙι Ὅ BigBiGAN ‛Ẋώׁӯ₿  ResNet-50 ‛ḾẔ҈ 1

ѧ￼ ResNetεʏ LRζιRevNet -50 Ö4ḾẔ҈ RevNet Ö4εʏ  LRζ  
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3χἅҪ￼ BigBiGAN љῂ εῂ‍ҭζּוἄ￼⅝ љӾׁἵᵓ￼ῂ BigGAN ￼ ‛[24]  ἅҪṄɒӀ

‰ ɓΆ│Ὕḧѭ SLεᴅ‰ ζἆ  ѭ҃ ⅝ ιἅҪ BigBiGAN ￼ℓᾭε500Kζљ[24]ѧᶢ҈

BigGAN ￼Ά│ ᵃιӇѼᴵҨᶈῳᵅ ѧḾ 1M ℓ ᶹ ιẊ ḻ ℓ￼ᾡ  і Ἅῶ ‛ᶎ

ὐѧӪmץ Ҩᴣѕ₭ ￼ẈᶎӪ´ᵙ‰֝Ṯƫι֒ѭɒm+ ´ ° ƫζɓ  BigBiGAN ‛ῗ⁞Ὧῳӓ FIDљ

￼Έῼӯ₿ Ὅ￼  

 

‛ιӔּז ᵃ￼ ềḙѽ‟‗ε ẕ 3ζᵙ⸗ềε 2ѧ‰ ѭ AvePoolζ￼᾿ ╜ ι

ҡ[21]￼ῳ ԇṵ￼ ‛ѧᾡ 55.4β 60.8β￼ top -1 ẙιẊש ‛ᶢ҈Ḿ⅝ ╜

εCPCζ￼[14]ѧ￼ẊᴧṪӐ  

       ἅҪ ṍ ᶈ AvePool ו ￼јᵃ …іḙѽ ớ֫ ᵸι‰ ѭ BN+ CReLUιḜṄ RevNet 

Ö4 ￼ῳӓ ‛ώֹ״ 61.3β￼ top -1 ẙ ḧԅṕẈᶎᵀẊ ֧ aιἅҪ Ӿ h = 

BatchNorm εaζιẊ ὶ[ReLUεhζ,ReLUε-hζ] ‎ ῳ ⸗ềιῶῊ ѭɒCReLUɓ

ε ὶ ReLUζ ớ[32]  BatchNorm ῂᴠᾭἥ ιԎѧ[16]ק֝‰ scaleεƛζᵙ offsetεƚζ

ᴠᾭјҺ ḙѽιᵼ℅ᶈ℅ו і ớ֫ ᵸј╧ᴣүӍԎҤḙѽ  CReLU ớӠּפԎ Ԅ

ѧ￼ἍῶӡỤιẊӔ⸗ề ẙזӤι⅛Ѧ ᴵ ῶ҈יᾡᵱ ‛  

       ῳᵅιᶈ ẹ C ѧιἅҪ ‾ -k ῳ ֫ ‎ ӂ ιᶈ ѧḫא 43.3β￼

top -1 ẙ ῳ ṗ￼ḧớ ӕḅᶃ 12 Ἅ  

       ᾢײַנּרᶂӴⱳở ᶈ 3 ѧιἅҪῘ ҃Ӕּז BigBiGAN ῂ ￼ἄוּ ‛ιљᶢ҈

BigGAN ￼[1]ῂ ἄוּ ‛ ⅝ [24] ├Ỵι Ҏ ‛љ 1 ѧ￼ ‛јᵃιᵼѭӔּ[24]҃ז 

4 ￼ᾭὯᶭẶΆ│ε јῗᶈἅҪ￼ 1 ╦ ѧּ҈זἍῶ ‛￼ ResNet ‾Ẫ ᶴתζ ‎

[24]￼ ￼ᶭẶṀ ᶈ IS ᵙ FID ẙ ї῭Ḅ￼ᶃӵּוἄớ Ҏᾡ ᴵ ֫ῗּ҈י ᶭז,

Ẉᶎ‎ ιҺᶭזᶃӵѧ￼ ᶽ ֫ιҡ ғּו Ẃץᵍᶽ ֫ἆԅ ḧⱶӌ￼ᶃӵ￼ּוἄᵸι

ỀỀҺғּוүӍ῭ԏҦ ớ￼‾ ι Ҏ‾ ‎ ḧ￼ ε ֧῭Ḅ￼ ISζẊћ῭ὶ ᶊש Ḣᾯ

ѧỌתᶟ￼ ᾭὯεḅᶈ ḫᾭὯ ѧּ҈ז FIDζ ҃ ᶴתṮầѳᶹι 3 ѧ￼Ά

│ԏῶљ 1ѧ￼ Baseἆ High Res Eε256ζ ѧӔּז￼ ᵃ￼  

       Ҏ ‛ ῎ BigBiGAN Ῐ ᾡᵱ҃ IS ᵙ FIDι јῗᶢ ῂ‍ҭ BigGAN ἄוּ ‛љ ᵃ

εῂ ζɒ‰ ɓεὝ SLεᴅ‰ ζΆ│ѧ￼ᴅѦᶁḧ‰  -  BigBiGAN + SL љ BigGAN + 

SLζ ἅҪ ֹӔּז ֫ ꞌ ε BigBiGAN ֫ ꞌ  + SLζ￼ ℓᾡ ι ҃ ISᵙ FID

ї￼Ӿׁῂ ῶἩ εא￼ BigGAN + ζε ├Ỵιᶃӵּוἄ ‛Ҡⱡԏῶᴵ⅝ớχṓ

Ԅ֫ ꞌ ιӇּוἄ￼ᶃӵ֫ ꞌҠⱡῗ 128Ö128ζ [24]ώ֧￼ɒӀ‰ ɓῲҦΆ│ιḜӔ

ҡῂזּ ệֹ￼‰ ιᴏḾ BigBiGAN ￼ Ӽιѣ ᵀᴵҨғּו ℓ￼ᾡ ῳᵅι

500K ℓ ￼ ḻι ‛ Ῐ ᾡᵱιἅҪ ᶈ 3￼ῳᵅ ѧҨ 1M ℓ ἵᵓ ‛  

 
3ἅҪ￼ RevNet 4 ‟‗љ[21]ѧӔּז￼ῳẍ┌￼‟‗ ש ιᶈ ‰ ѭ 16  
4 ᴠ Compare GAN ⁭‟ѧ￼ɒ Ύɓ ᶴתΆ│χ 
https://github.com/google/compare_gan/blob/master/compare_gan/datasets.py. 
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ᶃ 2χҡῂ ￼ BigBiGAN ₩ᶚѧ Ὅ￼ ấε 3.3 ζ  ᶃӵῗḫ ᾭὯ xḐPx; ẕ ᶃӵῗּי ε

εxζζ ￼і ᶃӵ x ἄוּ￼ ấ  љᶽᶺᾭῘẪ ấἄ εӕḅιӵ ΆẪζјᵃιּיεBigζBiGAN 

[4,7] Ẫῳṇק￼ ấἄ ӫᵇ҈Ặ ῭ᶺ Ѳιᵙ  ԎҤ ấ ẹ B. 

 

 

3.3  
 

       ḅ[4,7]Ἅ ιεBigζBiGAN ᵙ ᴵҨ ᵸ￼ ╜☺ᶈ ề εxζ‎ ấᾭὯḫӕ

xιⱡᵅṄ ╜☺ ἄᵸҽוּ Ҩ ệ ấ ε εXζζ ἅҪᶈᶃ 2 ѧṝ ҃ BigBiGAN

ấ Ҏ ấ ӵ Ḣ ιᴵ ֫ᴝᵼῗ ‰≡ῶ῎ ẶֺἚ ấὫ᷂ -  ᶈ Ὴּה ≡ῶ

ấ ⱡ ιḜҪᴵҨѭ ᵸ ḙѽấ₩￼⸗ềώӗ Ҏ ӕḅιẸ ԄᶃӵץᵍꜟιҚἆ

ⱶῊι ấ Ẃῗԏῶ ӆ ιӈמ ᵙ ￼ת ᵃɒ ָɓ￼јᵃḫӕ -  ӕḅι ӆ￼ꜟҺΏᵇ

ᵃ Άᵇ Ҏ ấӫᵇ҈Ӡּפ Ԅ￼ Ѳ јῗӉ ￼ ẙ ῎ιBigBiGAN כ

ᵸḾׁ ấ₩ι јῗᵅ ԎҤ ấ ẹ B. 

 

4  

 

       ᶢ҈ ￼ᶃӵѧῂ ềḙѽ￼ ᶺΆ│Ṱ ῎ῗ Ẃἄו￼ Ẃ╧ᴣҡҨ•

ΆẪ ἄ ӆ҈ ḙѽ￼үחѧḙѽιӇῗԎѧɒ‰ ɓᴵҨ  ᶊҡᾭὯט ֳấ ῂ Қ

ṪᾛӐ Έῼ￼ӕḒῗ Ḿӈ ╜[2]ιԎѧ₩ᶚᶈ Ԅ￼ᶃӵᶒḾі Ẋ ╜ḜҪ￼ Ḿ

ӈ Ḿ⅝ ╜ εCPCζ[35,14]ῗῳ ￼ ԋΆ│ιԎѧι ḧᶃӵ ђι₩ᶚ ╜ᵤҎ ђ֧

ᶈԎҤᶃӵӈא ѧ ԎҤΆ│ץὐ [37,38]ι ᾿ι[27]ב֫ט ╜[8]ᵙ‾ ש [5] Ḿ

ҎΆ│ ҃Ѥ⁪￼ḫ ⅝ [3,21] Ḿ҈ᶽᶺᾭ ￼Ά│ιBigBiGAN ᵙᶢ҈ּוἄ₩ᶚ￼Ԏ

ҤΆ│ώӗ￼ԋ ҸמῗḜҪ￼ Ԅᴵ ῗԅ֫ ꞌᶃӵἆԎҤӡᴺιј ׇἆӢᾡἍ ￼ᾭὯ

εṓ ҎӢᾡᴵ ῶ ҈ᾭὯᶭẶζ Ỵᵖ ‛ ẂᴵҨ ὶẔּ҈זї▫үחѧ￼Ḣᾯᾭ

Ὧι јҺᴧּוᶟ ӈ  

       ῶ ᶺ ԋ￼ ט ᵸᵙ GAN ᴪӌ ώ֧ ԋ ᴙ εACNζ[12]ḙѽ ԎҤ

Ӿׁᶈ ѧ ӆ￼ҽ ᾭὯ￼ᾭὯ‎ᴙ ᾭὯ ָιҡ ғּוᴵҨɒ₩ ɓ Ѳ ӆ‾ ￼

₩ᶚι ӆ҈ BigBiGAN ấ  VQ-VAE [36]Ṅ ᾫε ζק ᵸљ ᵻặ ᵸ ḾιҨ

ғּוԏῶ ᴙ ᵼḒ￼ ḫ ấιẊᶈẶקḙѽ ѧṝ ềḙѽ ‛ ᶈḾἰ ѧιḾἰớ

ט ᵸ[25]ώ֧҃ ט ᵸẪ ᵸ -  ᵸḾιּזӵ ấἄ  ιֶָּזᵸҦῲ

VAE ѧӔּז￼Ӿ ￼ KL-ᾫẙ [20] ᶈᴰ Ѧώ֧￼ VAE-GAN █ᵀ[22]ѧιᶈᶽᶺᾭ VAE ѧ

Ӕּז￼ӵ ấ Ṯ ῲὭѭ 
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GAN ֶָᵸ￼ѧ Ṗ￼⸗ề AGE [34]ᵙ-GAN [29] ԎҤ█ᵀΆ│ᶭ҃ז ᵸ‎

ḧ GAN  ᶺ ҎΆ│љ BiGAN [7,4]⁭‟ѳ ￼ Ѧῶ ῗιBiGANָת￼ јҺҨ῎ ￼

ấἄ  ᵸἆּוἄᵸ  ⱡᴵҨ ῎εBigζBiGAN ᵍᶊӔ ấἄ ῳṇקιӇḧớ

ấ ‛ε 3.3 ζ ῎ ấἄ ԏῶјᵃ￼ӭḄιẶ ҃ӵ і￼ Ѳ  
 

5  
 

       ἅҪṰ ῎ιBigBiGAN ῗ ᶢ҈ּוἄ₩ᶚ￼ῂ ḙѽΆ│ιḜᶈ ImageNet іḫא

҃ᶃӵ ềḙѽ￼ῳӾ ‛  ἅҪ￼╦ ℓ ḫ҃Ặᶽ￼ּוἄ₩ᶚᴵҨῶ ҈ ềḙѽ

￼ṸῺιᴦ ‎ιḙѽὸת₩ᶚᴵҨᾡᵱᶽ ἄ₩ᶚוּ￼₩  ᶈ῾‎ιἅҪṸῺ ềḙѽᴵҨ

ᴩ ￼ᶚ₩תἄ₩ᶚᵙὸוּ҈ ℓᴧṝιҨᴣἛṝֹ῭ᶽ￼ᶃӵᾭὯẓ  

 

 
 

       Ӑ ỵ Aidan Clark ιOlivierH ènaffιDãurqydqghq RrugιSander Dieleman Ҩᴣ

DeepMind ￼ ᶺԎҤᵃ҆Ḿ ṪӐ￼ῶ ᵙᴦ  
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A    

 

       ἅҪ￼Ҹקᵸש BigGAN [1]  - ἅҪӔּזἥ ᶽṇѭ 2048￼ Adam [18]ᵙ ᵃ￼ḙѽꞌҨᴣ

ԎҤ ᴠᾭιӔּז ҸקᵸᵃῊ῭Ὰ ιӔּז ᵃ￼ҐῲҸקΆẪχѣѦ D ῭Ὰᵅ Ѧ ᵙ ￼ᴅ

ᵀ῭ᾺεἅҪјӔּ[1]זѧӔּז￼⃰Ґֱ⃰קιᴧאḜᶈῂ‍ҭ ѧ ֧҃῭Ṯ￼ ‛ιљ[24]

￼ᴧא ש ζ ӿ ặ ҈זּ[26]ק ᵙ DιӇјῗּ҈ז Ȃᶈ ᵙ ѧ ӔּזḢԅҐᴢא ἥ ‰

҈זὐּץεק֝ ӂ￼ ⸗ề￼ ớ֫ ᵸ ζ ἅҪ ḾἍῶ ӂѧ￼ ᵙ   ẔּזὝᾭ ט

ẈᶎεEMAζι ֟ѭ 0.9999  εἅҪᴧא Ṁ ӂᴱῶỄṇ￼ᾡ ιӇḾ҈ ӂᴐῗ Ѧ

Ễᶽ￼ᾡ ζ 

       ᶈ BigBiGAN ῊῼҨᴣ ớ֫ ӂ￼ ῊῼѧιἅҪӔּז ResNet [13]ẪᾭὯᶭẶ ᶴ

ת ԄιӇῗᶽṇѭ 128ἆ 256 јῗ 224￼ᶽṇε ẕ 5ζ  

       Ḿ҈ 1ѧἵᵓ￼╦ ѧ￼ ớ֫ ӂιἅҪҡḥΆ ImageNet [30] ѧώᴨ 10K  

Ὅ￼ᶃӵӐѭ Ẋᶈ іἵᵓ֝ ớιἅҪ ѳѭ trainval 1 ѧ￼Ἅῶ ‛ᶎҨ

500K ℓ ιᶢ҈ἅҪ￼ trainval ￼іב֫ ớ֫ ᵸ ẙώׁӯ₿ ᶈἍῶ Ҏ₩ᶚѧι ớ֫

ᵸ ִḊקѭ 0 Ẋћ ѭ 5K Adam ℓ ιԏῶ 0.01 ￼ε ζḙѽꞌᵙ EMA Ẉ◌ιԎ ֟ѭ

0.9999 ἅҪᴧאιᶈ BigBiGAN ῼ ι ᶈ ḧẸׁ   ￼ừ֙їҡ᷃ẦḊḧῼ Ὰ

℅ ớ֫ ӂιẊᶈ⅛₭ ӂѳׁṄ֫ ᵸ  ѭ 0ιῶ҈י ί ềḙѽ ẙ  

       ᶈ 2 ѧιἅҪṄ BigBiGAN Ὴ Ἓṝֹ 1Mℓ ιẊᶈ 50K ᶃӵ￼ḥΆ іἵᵓ

‛ιҨӝљѳׁ￼ṪӐ ⅝ Ҏ ‛ѧ￼֫ ᵸ ҃ 100K Adam ℓ ι ᴗ ḙѽꞌ

ιԜ₭Ṅ ֟ѭ 0.9999￼ EMA Ẕּ֫҈ז ᵸ  ѧ ᴠᾭ Ὅ

ᵙΈῼӯ₿Ԝ₭ᶢ҈ trainval ￼֫ ֝ ớ љ[1]ѧ ‾ιFID ἵᵓḢᾯ￼ ImageNet ￼

ᾭὯι Ṅ ￼ᶽṇ ᾯѭ ֧֫ ꞌẊ⌐Ѯ ѧỌתᶟ ᶴתι ҃ᶈ 3ѧὝ֧￼ι

ἅҪἵᵓ҃ Ḿ ￼ FIDẊљ[24] ⅝  

       Ἅῶ₩ᶚ Ӕּז 32ֹ 512Ѧ⁄Ọᶈ TPU pod֬Ɑ[11]і ᾭὯẊ  

⁴ᶙנּר        ᶈ 4 ѧιἅҪӔּזἅҪᶈ 3 ￼ḫ ѧӔּז￼₩ᶚӌ ‗ ԅ

￼ ‛ιҨ ⅝  
 

 
4χImageNet ֝ ớιּ҈זἅҪ￼ ềḙѽḫ ѧӔּז￼₩ᶚӌ ‗￼Ḣԅ ￼ ֹ  

 

       ṕᴑ ╥↓ᵷ  ᶈᶃ 3ѧιἅҪӔּזῳᶽ￼ RevNet Ö4 ‟‗ᴵ ￼ἅҪק BigBiGAN

ᵸ ￼ Ѧᴒ Ṗ￼ḙѽᴒ ⁄  ├Ỵεaζᵙεbζѧ￼ᴒ ⁄ѳ ￼ṮầεḾẔ҈ 1 ѧ￼

RevNet Ö4 ᵙ RevNet  Ö4εʏ  LRζ ᶈεbζѧιἅҪӔּז῭ ￼ ḙѽꞌẊ ֹ Ẕ￼ḧớ

ᾡ ᶈḙѽᴒ ⁄￼‾Ẫѧι⃰ḅᶈ BiGAN [4]ѧ ḻֹ￼ ‾ιԏῶ῭Ṉ￼ᵹᶲᵙԏῶ῭ᶺ ӆ

Gabor ᵙ ￼ᴒ ⁄ ῎₅‬ ԄṖ￼ᴒ ⁄ᴵҨּזӐḾј ₩ᶚ￼ Ᾰ  

 
5 TensorFlow ResNet TPU₩ᶚ￼ ᶴתҦ χ 
https://github.com/tensorflow/tpu/ tree/master/models/official/resnet. 
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(a) RevNet 4 (b) + Ŕ  LR 
 

ᶃ 3χṾῶ RevNetÖ4 ‟‗￼ῂ BigBiGAN ₩ᶚ￼ Ṗᴒ ⁄￼ᴵ ὐץιԎѧק 1024 Ѧ⁄  εҨ

ᾣᾦ‛ῳӓ ζ 
 

 
5χBigBiGAN ‾ ᵙԏῶ ԋὝ‰￼ ấ￼ ὶ  

 

 B  

 

       ᶈ  ẹѧιἅҪҟ ҃ BigBiGAN ‾ ᵙΆ│￼֡ ᴪӌ￼ ấ  5 ὐὝᵇ‾ ᵙץ ấ

ᶃӵ￼Ὕ ιҨᴣ ԋὝ‰  ῳӓ FID љ Ὅ‾ ιẊћἅҪᶈ ♇Ῐ ISᵙ FID

Ҩᴣ‾ ᶃӵ  ῳӓεῳӉζ Ḿӵ ΆẪ Ὣ᷂ Ὅ ấι 5 ѧ ֧￼ Ṯẙ ḅїχ 
 

 
       Ԏѧ x ᵙ ῗ꜠ ￼ᾭὯ‾ ιẊћ Ӑזּ Ḿ҈ɒ  ɓ Ԅ￼ɒᶢ ɓ ấ

Ṯ  ӕḅι ᵙ ￼  ִḊקιἅҪệֹ҃ Ѧ Ḿẙ Ự Ӕ ấ ιӕḅẈק

ᶎᶃӵιṓ љ Ԅ≡ῶỵ ӆớιӇῶῊҺḫאӉ Ḿ ấ Ṯ ṓ ệֹ￼ᶃӵљ Ԅ≡ῶỵ

ӆớ  ᶈḫ ѧι ḧ N ѦᾭὯ‾  εἅҪӔּז N = 50KζιἅҪ ⅝

⅛Ѧ‾  ᵙᴅѦ ṗ ‎ӂ ֫⅔ι χ 
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ᶃ 4χ‎ ῂ ￼ BigBiGAN ἄᵸוּ ￼ 128 Ö 128 ￼‾  ιӔּז 1ѧ￼ BaseΆ│  
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ᶃ 5χ‎ ῂ BigBiGAN ₩ᶚ￼ 128 Ö 128 ￼ ấιӔּז 1 ѧ￼ Base Ά│ ⅛Ḿ￼ ῗḫᾭ

ιẕ ῗּי ἄוּ￼ ấ  
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ᶃ 6χ‎ ῂ BigBiGAN ἄᵸוּ ￼ 128 Ö 128 ￼‾  ιӔּז‎ [24]￼ ᶭẶ ιԎѧּוἄ

‛ᶈ 3ѧἵᵓ  
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ᶃ 7χ‎ ῂ BigBiGAN ₩ᶚ￼ 128 Ö 128 ￼ ấιӔּז‎ [24]￼ ᶭẶ ιԎѧּוἄ ‛ᶈ 3ѧ

ἵᵓ ⅛Ḿ￼ ῗḫᾭ ιẕ ῗּי ἄוּ￼ ấ  
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ᶃ 8χ‎ ῂ ￼ BigBiGAN ἄᵸוּ ￼ 128 Ö 128 ￼‾  ιӔּז 1ѧ￼ ֫ ꞌ ε256ζ
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