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▄ẙּוἄ₩ᶚ⃰ᶈἄѭאҦ ᵸḙѽ￼ ἄ

֫  ῳ ԋ҈ҭּוἄḾἰ ￼ ῎ι

ḙѽᶶ ￼ ￼ ⱡᶃӵ֫ṵῗᴵҨḫא￼  

ⱡῳᾺ₩ᶚ ᶼҨ ֫ ꞌּוἄ Ӡ ᶺ‾

￼ק ⱡᶃӵιӇḜҪӘ ҈ᶽ ‰ ᾭὯ  ᶈ

ṪӐѧιἅҪṝ ҃ḅӍҡῳ ԋ҈ Ẕ

ḙѽᵙᴁ ḙѽ￼ ṪӐѧ ιҨӝᶈῂ

￼ ImageNet іᵀἄҨᴣῶҭᾭὯ ѧ

ўּףῳ Ὕ‰εSOTAζ  ⸗ָῗιἅҪώ֧

￼Ά│ҝӔּז 10β￼‰ Ὴ ᶼש ImageNet

іẸׁῳӾ ￼ҭ₩ᶚ Big-GAN ￼‾ 

ε FID ╜ ζιẊћᶈӔּז 20β￼‰ Ὴ

Ḝ   

 

1.  
 
       ▄ẙּוἄ₩ᶚּ҈יԏῶḙѽᶶ  ֫ṵ￼ ד ᴩֹ

‖ᶽԋ├ιӕḅ ⱡᶃӵ￼֫ṵ (Zhang et al., 2018; Brock 

et al., 2019),  (Kalchbrenner et al., 2017), Ҩᴣᶲ  

(Van Den Oord et al., 2016)Ȃῳ ￼ ṝῗּיᶽ ₩₩ᶚ

￼ᴵἛṝ ὸט￼  (Brock et al., 2019; Menick & 

Kalchbrenner, 2019), ‟‗Ӣᾡ (Zhang et al., 2018; Chen 

et al., 2019a; Karras et al., 2018), Ҩᴣֱ⃰קἩṬ(Miyato 

et al., 2018)Ȃ 

       Ӡ ⱡᶃӵּוἄε Ẃᶈ ImageNet і ζᴨ

֘҈ᴵҨ ᶽ ‰ ᾭὯ  ẊјҧҚỬ ιᵼѭ‰

ҺṄѨḹ￼ ӡỤẬԄי ιῶᾦᶊṄ‖ԏὠἇớ￼

ᶃӵּוἄү֮֫חѭԏῶ ѲỴѲ￼Ḓүח  
 

*ᵃ Ꞌχ 1Google  Brain, Zurich, Switzer- 
land  2ETH  Zurich,  Zurich,  Switzerland. Correspondence 
to:   Mario  Lucic  <lucic@google.com>,  Michael Tschan- 
nen <mi.tschannen@gmail.com>, Marvin Ritter <marvinrit-
ter@google.com>. 

 

  

ᶃ 1.ᶢ ￼ FIDᵙώ ￼Ά│  ᶘ ӔּזἍῶ‰ ᾭὯ￼ᶢ

εBigGANζ  ἅҪώ֧￼Ά│ε3 GANζᶈҝӔּז 10β￼‰

ᾭὯῊ ᶼש ῳӾ ￼Ἡ ιᵃῊӔּז 20βῊҺ Ḝ  

 

       ⱡ ι Ḿᶽ ‰ ᾭὯ￼Ә љᶽᶺᾭᾭὯ῾‰

￼҆ḫј ιẊћ‰   Ẃῗῌ ћḳ῏֧ ￼  

ṓ ῳ ᶈῂ ᶃӵּוἄΆ ᴨệ҃ ṝιӇᶈ‾ 

Ά ιҭ₩ᶚᵙ ₩ᶚѳ ￼Ṯ ῗῘ ￼  

       ᶈ ṪӐѧιἅҪ ֧҃ ￼ ℓιӔּוּזἄḾ

ἰ εGANζ ṇῶҭᵙῂ ἄוּ Ӡ ᶃӵѳ

￼Ṯ  ἅҪַּזѣѦ ᴅ Ặᶽ￼₦Ổχ 

 

(i) ἅ ḙѽχᴵҨ ἅ ḙѽּ҈ז ᾭὯ￼

Ѳ⸗ềώᴨᵸιⱡᵅᴵҨӔּזἍệֹ￼⸗ề ὝṀ

GAN  

 

(ii)  ᴁ ḙѽχᴵҨҡ‰ ￼ ᶃӵ￼ ṇ ֫ὸᾸ֧ᾯ

Ѧ ￼‰ ιẊћὸᾸ￼‰ ᴵҨּזӐ GAN ￼

ҭӡỤ  

 

 ᶈ ṪӐѧιἅҪ 

 

1. ώ֧Ẋ ᴿ Ά│ιҨ֟ṈἆḢԅổּצ ⱡᶃӵּוἄү

Ḣԅ￼ח ḫ‰ ӡỤι 

2. ᶈ Imagenet іḫאῂ ḙѽּוἄ￼Ὰ State Of The 

Art(ї SOTA)ιҝӔּז 10β￼‰ ש 128Ö128 

IMAGENET і￼ SOTAιẊҝӔּז 20β￼‰ ệֹᾺ

￼ SOTAε FID╜ ζιҨᴣ 

3. Ầ◊Ἅῶּ҈זḫ ￼Ҧ χ 

 github.com/google/compare_gan. 

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf
github.com/google/compare_gan
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2.  
 

       IMAGENET ѕַײ ӟּט GAN   ҃ BigGANεBrock

ι2019ζѳᶹιᴱῶṈᾭӾׁ￼Ά│ԏῶṄ GAN Ἓṝֹ

ImageNe t ￼ ₩ιԎѧᶽᶺᾭӘ ҈Ӕּז‰ ￼ ҭּו

ἄ ῳΈ￼ṍ ѳ ῗԏῶ ֫י ᵸεAC-GANζ￼

GANεOdena Қι2017ζιԎṄԏῶ☺ᶈ ￼ one -

hot ‰ ӡỤ ἄᵸẊћѭֶָᵸוֹּ ᶵ י

Ҩ ╜ᶃӵ Ԅῗ ￼ ῗӬ￼ ῳ ￼Ά│Ә ҈ֶָᵸ

ѧ￼‰ ἮẽṖιᶢ іṀ ⅛ /Ӭ֫ εMiyato γ

Koyamaι2018ζᵙּוἄᵸѧ￼ ἅԋ├εZhang ι

2018ζ ѣ Ά│ Ӕּז ֺἥ  εmodulatedק֝‰

batch normalization ζεDe Vries ι2017ζᵇּוἄᵸ

ώӗ‰ ӡỤ ᶈῂ ᶟι Қε2019bζ ῎ι▌

￼ᵸֶָֹז ᾿י Ὣ᷂εrotation  lossζḾ ԏῶ

ḧӐּז ῳᵅι Ẹ￼₃ẙֱ⃰קᴵҨᶈјӔּז‰ ￼ừ֙

їṄ MMD -GAN Ἓṝֹ ImageNet εArbel ι2018ζ  

       ᴀײַנּר GAN   ῳ ￼ ҎṪӐַּז GAN ֫ ᵸ

￼ᴁ ḙѽ ѣѦṪӐχSalimans Қε2016ζᵙ

Odenaε2016ζ ѦֶָᵸιṄԎ Ԅ֫ ѭ K + 1

χ ḫᶃӵ￼ K ᶃӵ ᵙּוἄᶃӵ￼ Ѧ ᵃ‾ι

Springenber gε2016ζṄ‰֝ GAN ‰Ἓṝֹ K  Li

ҚѼ ҃ Ά│ε2017ζẔּזᴅ꜠￼ֶָᵸᵙ֫

ᵸ₩ᶚ ԎҤΆ│ ᵀὸת₩ᶚ ╜ ᷂‰ εDeng et 

alι2017ζἆַּשז ᴁ ḙѽ￼ ᵀ֫ṵε‰ ᵙᾭὯζ

εGan et alι2017ζ ἅҪẶ ι ֯ṪӐӚ ҈ҡ

֡Ѧ‰ ѧ ֫ ᵸι јῗӔּזṈ ‰ ώ ₩ἄוּ

ᶚ￼ ὯἅҪἍ ιLi Қε2017ζιDeng Қ

ε2017ζҨᴣ Sricharan Қε2017ζἵ ҃ ֫‰

ӡỤᾡᵱ‾ᵝ ιἍῶ Ҏ ᴱ  ᴩ ᶟ￼Ӊ֫

ꞌᾭὯ  

       ỠנּרḘѼ  ἅ ḙѽΆ│ ‰ῂזּ חүי

ḙѽᾭὯ￼ Ѳ⸗ề Ά│ἄוᶊẔּ҈זјᵃ￼

ᾭὯ₩ỗιḅᶃӵεDoersch ι2015; Caron ι

2018ζι εAgrawal ι2015; Lee ι2017ζᵙ 

ᵸҚἩ εJang ι2018; Pinto γGupta ι2016ζ  

IMAGENET ׁῳӾ ￼Ά│ῗּי Gidaris Қώ֧￼ 

ε2018ζṄ᾿ ᶃӵ￼᾿ ẙ ╜ѭ חүי

ᴅ￼ ἅ Ά│ғּ҃וḾї▫ᶃӵ֫ үחῶּז￼

ԎҤẻẪ￼ ἅ  ὐץ

 
 
 

 
 
 

 
 
 

 
 
 

 

 

ᶃ 2. χ Ḣԅ ￼ẸׁῳӾ ₩ᶚ BigGAN￼ 128  

128 ‾   ẕ χ‾  ҈ώ֧￼3 GANιḜӔּז FID ᵙ

ISש BigGANιҝӔּז 10β￼Ḣԅ ḫ‰  

 

╜ ḧᶃӵ￼ј Ґᶃӵᶒ￼ Ḿӈ εDoersch ι

2015; Mundhenk ι2018ζἆӂ ᶈ ֱ і  ҐὭ

￼ᶃӵᶒ￼ ὭεNorooziγFavaroι2016ζ  Kolesnikov

Қώӗ҃ Ҧאזַּ ‗ ἅ ḙѽ￼

ε2019ζ  
 

3.  
 

       ѳιἅҪṄώӗὸᾸ￼ι јῗѭֶָᵸώӗ

ḫᶃӵ￼ἐṪ├ ￼Ḣԅ ḫ‰ ѭ҃ ệ Ҏ‰ ιἅ

ҪṄַּז ἅᵙᴁ ḙѽ￼ῳᾺ ṝ ᶈ ҟ ҎΆ

│ѳׁιἅҪ Ӿ ḅӍᶈῳӾ ￼ GAN ѧӔּז‰ ӡ

Ụ Ҩї ῎Ӭḧứⱦủ GAN ‟￼ᶢ

εGoodfellow ι2014ζ  

       ᴿẉ    ѭ҃ᵇֶָᵸώӗ‰ ӡỤιἅҪ ҃זּ

Miyato γKoyamaε2018ζώ֧￼ ớἮẽṖ ѭ҃Ӕṝ

ἄ ӌιἅҪṄ ᵻ їѮ ♇ ᶈɒydqloodɓ

εῂҭζGAN ѧιֶָᵸ D ḙѽ ╜Ԏ Ԅ x ᶴ￼ᶃӵ

ῗ ḫ￼ ῗּוּיἄᵸ G ￼ἄוּ ἅҪṄֶָᵸ֫ ѭḙ

ѽֹ￼ֶָᵸ ι$ιԎ ֹ ớ֫ ᵸχÃȾѧι

ᴏ ָᵸּי ֧ ᶈἮẽֶָᵸѧιḙѽљ

ᵃ ẙ￼⅛Ѧ ￼ṧԄ ⱡᵅιḾ҈ ḧ￼ᶃӵι‰

Ԅ xιy ԋ҈‾ ῗ ḫ￼ ῗּוἄῗᶢ҈ѣѦ ἄ

֫֘ḧχεaζ   ῗᵋљḫ ᾭὯ ιҨᴣ

εbζ ῗᵋљ ָ y ѧ￼ḫ ᾭὯ ῭⃰Ẫᶊι

ֶָᵸ זּ ￼ẻẪιԎѧ

ῗ ớἮẽṖẔּ҈ז⸗ềᵇ  Ø ᴝ one -

hot ‰ yӐѭ 

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf
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ᶃ 3.ṾῶἮẽֶָᵸ￼ҭ GAN  ֶָᵸ ᶃ ᵀῂ

ҭ֫ ᵸÃȾᵙ ἮẽṖ Pḫא￼ ҭ֫ ᵸҡ $ѧ

╜ḫ ᶃӵ Øεԏῶ‰  Ùὶζἆּוἄᶃӵ Øεԏῶ‰  ÙὪζ

ῗᵋᶈԎ Ԅᶴ  ẻẪ￼ ҈זּת BIGGAN  ᵇᶹ ᷃

ҽ Ὣ᷂֩ᾭ  

 

Ԅ Ḿ҈ּוἄᵸι‰ ӡỤ y ҭ BatchNorm

εDumoulin ι2017; De V ries ι2017ζ ҃ Ӽ  

ṾῶἮẽֶָᵸ￼ҭ GAN ḅᶃ 3 Ἅ ἅҪ ὼ

ᵙᴃᵃ ￼Ά│ιָ֫ὸᾸ 3.1 ᵙ 3.2 ѧ GAN

￼‰  

 

3.1  

 

ᶡ҇ᾢנּר ᾛ←  ἅҪײַ ӾӔּזῳӾ ￼ ἅ Ά

│εGidaris et al ι2018; Kolesnikov et al ι2019ζḙѽ

ḫ ᾭὯ￼ ιḾ℅ ιẊӔּז Ӑ

ѭῲҦ￼‰  Gidaris Қѳᵅε2018ζἅҪ ῳ

ṇקҨї ἅ Ὣ᷂ḙѽ⸗ềώᴨᵸ Fε Ẃῗᴒ

ζ 

 
       Ԏѧ R ῗ 4 Ѧ᾿ ẙ￼ ᵀ ιØῗ

יּ r ᾿ ￼ᶃӵ xιẊћÃῗ ╜᾿ ẙ r ￼ ớ֫ ᵸ  

ᶈḙѽ҃⸗ềώᴨᵸ FѳᵅιἅҪḾ ᶃӵ￼ Ẕּ҃ז

ṇἥ k-Means εSculleyι2010ζ  ῳᵅι ḧ

֫ ֩ᾭ ἅҪӔּז Ὣ᷂ GANι

ἆ ῳṇֶָקᵸὫ᷂ ᵙּוἄᵸὫ᷂ ιᴏ   

 

       Ԏѧ ῗӾ ֫ṵι◑ ι

Ẋћ ῗ ֫ṵԋ҈ 

 
ᶃ 4. χᶢ҈ ∂ үח ệ ￼ῂ Ά

│  FḾẔ҈ ἅ ḙѽ￼⸗ềώᴨᵸιÃ ῗ ֫

֩ᾭ  ᶈ ℓ ѧᶈ ḫ ᶃӵіḙѽ FᵙÃ ѳᵅιἅ

Ҫ Ṅ‰ ὸᾸѭ  ҭ GAN  

 

і￼ ‰  ἅҪṄ Ά│ ѭ ι

Ẋᶈᶃ 4ѧḾԎ ῎  

 

ᴀנּרᾛ←  ⱡᴁ ḙѽῗ Ѧ╗ ￼ ᶟιẊћ

Ṱ ώ֧҃ᴿ ᴿ‾￼ │ιӇἅҪ Ỉ Beyer Қ￼ ♇

ε2019ζẊ ᴅᶊṄׁ ⅎѧὼ ￼ ἅ Ά│Ἓṝѭ

ᴁ Ὣ᷂ι Ӡ҃ѣ Ά│ᶈ₩ᶚḳ ᵙ ἄ Ά

ԏῶᴵ⅝ớ  Ӭ ἅҪѭ ᾭὯ￼Ḓ ώӗ҃‰ ιἅ

Ҫṍ ἅ ḙѽ ѦḄ￼⸗ề ιᵃῊᶈḅ℅

ệ￼ і ѦḄ￼ ớ֫ ᵸεӔּזώӗ￼‰ ι

ẕ 1ζ ῭ᶺ⃰ẪᶊιἅҪṄὫ᷂ ῳӉ 

 

        Ԏѧ Ã ᴝ ָ֫ῗ ╜᾿ ẙ r ᵙ‰ y ￼ ớ

֫ ᵸιẊћƛ > 0 Ẉ Ὣ᷂  ε2ζѧ￼ ḾẔ҈

ε1ζ￼ ἅ Ὣ᷂ι ҇ ḾẔ҈εᴁ ￼ζҐᴢ

Ὣ᷂  ᶈ ῼ ιᵅ ￼ῼῺ ‰ ￼ ‾ Ḓ

￼ ẈᶎӪἍᴨҦι ׁ ѭᾯѦ ￼ Ẉ

ᶎӪεᾯѦ ᾰ Ỉ ựӕζ  ᶈἅҪ ệ F ᵙ ᵅι

ἅҪ GAN  
        

1 ├Ỵι῭ ᴅ￼Ά│ῗ Ӿ ἅ ᵙ ᵅ￼ ớ֫

ᵸḙѽ ιӇἅҪ ḻֹᵃῊḙѽ ᵙ֫ ᵸҺғּו῭Ḅ￼

‛  

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf
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ᶃ 5. 3GAN-COχᶈ GAN ῼ ιἅҪᶈֶָᵸ іḙѽ

֫י ᵸ Ã ιᶢ҈ $ ‰ ￼ḫӕ ╜῾‰ ￼‰  ԁ҃ᶈ

GAN ѳׁ ⸗ềώᴨᵸ Fᵙ֫ ᵸ ιḅᶈ3GANѧ

‾  

 

Ṅ ḫᶃⱭ‰ ѭ  ⸗ָᶊι ҃ἅҪ

Ӕּז ῳṇקε2ζ ệ￼ ᵙ F ѳᶹιἅҪ Ὅớᶊ

ῳṇקљ ᵃ￼ּוἄᵸᵙֶָᵸὫ᷂χ 

 

       Ԏѧ ιẊћ Ҩᴣ

ῗ ֫  ἅҪӔּז ֒3GAN Ӑѭ℅Ά│  

 

3.2.  
 

       ᶢ҈ҽ ￼Ά│￼Ѯ ♇ῗ ἅ ⸗

ềώᴨᵸ FẊћḙѽ‰ ￼ὸת ֺε ớ֫ ᵸἆ ζ

ᶈїᾰѧιἅҪ ҟ ҃ᴃᵃ Ά│ι ԁ҃ ѣℓ

ιẊḙѽᶈ GAN ῼ ὸᾸ‰ ӡỤ  

       ᾢנּרᾛ←  ἅҪ ѣ Ά│ ᶈ ѦѧιἅҪ

ᴅᶊӔּז ᵃ￼‰ ε ẕ 2ζḾἍῶ ḫᵙּוἄ￼

ӕ ἾӄẊҡֶָᵸѧ ἮẽṖḢԅֵ ‰ ιᴏι

ἅҪ Ḿ҈ Ά│ιἅҪӔּז ֒

SINGLE LABEL Ḿ҈ ҇ Ά│ιἅҪṄ  ‰

֫ ε῾‰ ￼ζ ḫᶃӵ ⱡ ḫᶃӵ￼‰ ј ѭ

ֶָᵸώӗүӍῶּז￼ӡᴺιӇ ‾‰ ᴵ ώӗԏῶ

јᵃ҈ z ￼ ᾭὯ￼ ᶹ  ớẁוּיἄᵸιҨᴣּ҈י

ṧԄ ғּו￼ ᶹᴵ ᴠᾭᶈ ҭ BatchNorm ѧ

℅ᶹι ӬᾭὯ￼‰ ᴵҨ 
 

2 ├Ỵι ј ḧ ᵃ҈Ӕּז‰֝εῂҭζBatchNorm ῲὭ

ҭ BatchNormιᵼѭ ᾰѧӔּז￼ҭ BatchNorm ￼ᴪӌѼӔּז☺

ᶈ ￼ᶒӐѭ Ԅ; ҃‰ ӡỤ  

 
ᶃ 6. ᶈ GAN ῼ ᾿ ╜ ἅ  ҃ ╜Ԏ

Ԅᶴ￼ᶃӵῗ ḫ￼ ῗּוἄ￼ѳᶹι ֶָᵸҨ י

ớ֫ ᵸ Ã ╜ ḫᵙӀ ᶃӵ￼᾿  Chen ҚἄוẔּ҃ז

Ά│ε2019bζ ḧ GAN  ᶈ ιἅҪṄḜљἅҪ￼

ᵙᴃᵃ Ά│ ᵀιּז ╜￼Ά│ῲὭḢԅ ḫ‰  

 

Ӟ ֶָιᵼѭḜҪᵇֶָᵸώӗԋ҈Ӭᶃӵ￼ ӡỤי  

ἅҪṄ℅Ά│ ѭ RANDOM LABEL  

         

       ᴀנּרᾛ←  Ẹ‰ ᴵּ҈זḫ ᾭὯ￼Ḓ ῊιἅҪᶈ

GAN ῼ ὶᶈֶָᵸ￼⸗ề і י ớ֫

ᵸ Ã ιẊӔּזḜ ╜῾‰ ￼ ḫᶃӵ￼‰  ᶈ

ừ֙їιֶָᵸὫ᷂ ᴨ￼ẻẪῗ 
 

 

        Ԏѧ ḾẔ҈εkβζ‰ ￼ ḫᶃӵ￼‰֝ҭ

ι ҇ ῗ‰ ḫᶃӵі ֫י ᵸ Ã  ￼Ґᴢ Ὣ

᷂ε  ƣ > 0ζι ѕ ῗῂ ￼ֶָᵸὫ᷂ιԎѧ῾

‰ ￼ ḫᶃӵ￼‰ Ã יּ  ╜ιẊћῳᵅ ῗּוἄᾭ

Ὧі￼‰֝ҭֶָᵸὫ᷂  ἅҪӔּז ֒3GAN-CO Ӑ

ѭ℅Ά│  ῶԋ ῎ι ᴠ ᶃ 5  

 

3.3. GAN  
 

       ֹ ׁѭ₿ιἅҪַּז ἅ ֺḧ Ḅ￼⸗ề ι

ἆ ḙѽᴁ ₩ᶚεᴠ 3.1 ζ  ⱡ ι ҈ֶָᵸ

  ҝҝῗ֫ ᵸιᴵҨ זᶭחүי ֫ ᵸιᴏ

᾿ ╜ ἅ  Ά│Ṱ ᶈεChen ι

2019bζѧ ҃ή ιԎѧ ḻֹ ḧ GAN  ᶈ

ιἅҪỳ ӂԎẽᵠ 

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf
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Ẹљ 3.1ᵙ 3.2 ѧҟ ￼Ά│ ᵀӔּזῊ  ѭ℅ι ӆ҈

ε1ζᵙε2ζѧ￼ F ￼ ιἅҪᶈֶָᵸ⸗ề $і

￼ז ớ֫ ᵸ ÃιҨ ╜᾿ ￼ ḫᶃӵØ￼￼᾿

ᵙ᾿ ￼ Ӭᶃӵ  ᶭֶָֹזᵸᵙּוἄ

ᵸὫ᷂￼ ẔὫ᷂ ָ֫ῗ 

 
       Ԏѧ   ƙ/ƚ > 0 ῗҨẈ Ὣ᷂  Ά│ḅᶃ 6

Ἅ  

 

4.  
 

        ῾ῶᵘ ᴟᾎ  GAN Ḿ҈  ῗ Ẃј ḧ￼ι

ḜҪ￼ớ ᶈỄᶽ ẙіᴨ֘҈ ‟‗￼ קιҸד ᴠ

ᾭᵙ Ẹ￼ֱ⃰קεLucic ι2018; Kurach ι2018ζ

ἅҪḫ҃א Ẕ￼ BigGAN ‟‗εBrock et al ι2019ζι

Ḝᶈ ImageNet іḫ҃אῳӾ ￼ ‛ ε ẕ 3ζἅҪ

Ӕּזљ Brock Қ ᵃ￼Ҹק ᴠᾭε2019ζ ԏӌ ι

ἅҪӔּז Adam Optimizer ιԎּוἄᵸ￼ḙѽꞌѭ ι

ֶָᵸ￼ḙѽꞌѭ εɼ = 0ι ɼ  = 0 .999ζ ἅҪ

ᶈ⅛Ѧּוἄᵸℓ ѳׁ 250k ἄᵸℓוּ ιẊ 2 ₭

ֶָᵸ Ҧ ἥ ᶽṇᶁḧѭ 2048ιἅҪӔּז 120 ￼☺

z ἅҪᶈּוἄᵸᵙֶָᵸѧӔּז ặ ק љ BigGAN

ᴦιἅҪјẔּ⃰זҐ ιᵼѭ ḻֹ ҝҝּצỉώ ҃

‾ ᵝ εᴠ Brock Қε2019ζѧ￼ 1ζẊћἅҪ

јӔּזἈᾸἩṬ  

        ᾎὊ   ἅҪѮ ԋ├ IMAGENETι ῗ Ẃּ҈ז

ӂ GAN ￼ῳᶽᵙῳᶺ‾ק￼ᶃӵᾭὯ  IMAGENET ץ

ᵍ 1.3M ᶃӵᵙ 50k ╜ ᶃӵι⅛ѦᶃӵḾẔ 1k Ḿ

ָѳ ἅҪṄᶃӵᶽṇ ᾯѭ 128 Ö 128 Ö 3ιḅ

Miyato γKoyamaε2018ζᵙ Zhang ҚἍӮε2018ζ

ҡ⅛Ѧ ѧ   Ὅ kβ￼‾  ệᴁ Ά│￼

֫‰ ￼ᾭὯ  
 

3 ἅҪ׃‘҃ Brock Қᴧṵ￼₩ᶚ checkpoint ε2019ζ

ệᴵ ᴠᾭᴣԎṑḽ￼ ᾭιẊṄḜҪљḔ ש

εᴠ 10 ᵙ 11ζ  ἅҪ Ặ ￼ῗιᶈ ♇іι Ά

│ῗׁ⌐￼ιἄו￼ῳӾ ￼Ά│ј ң ￼‟‗ ᾯ  

ѭ҃ḫאᴵᶶאớιἅҪᶈ Appendix BѧҨắ ӡỤ

ҟ ҃ ‟‗ιẊᶈẦ◊Ὴ ҟ ҃ἅҪ￼Ҧ χ 

https://github.com/ google/compare_gan. 

 

       Ӂἷ    ἅҪӔּז Frechet' Ḋ ε FIDζ

εHeusel ι2017ζᵙִḊ ֫εSalimans ι2016ζ

 ӂּוἄ‾ ￼  ѭ҃ FIDι ӾṄḫ ᾭὯᵙ

ἄ￼‾ ṧԄוּ Ӿ ￼ Inception ￼⸗ḧṖѧ  

ⱡᵅιᶺᴪ ᾹὉᵀᾭὯᵙ ѭχ 

, 

        Ԏѧ ´ᵙ Ƌ ᶎӪᵙᴃΆṮιї‰ x ᵙ g ָ֫

ḫ ᵙּוἄ￼ᾭὯ  FID ῎Ḿḷּו₩Ẫεspurious 

modesζ￼▌זᵙ₩Ẫї εmode dropping ζ Ễᾧỵ

εSajjadi ι2018; Lucic ι2018ζ ִḊ֫ᾭӬḧᵍ

ῶῶỴѲⱶӌ￼‾ᵝ￼ҭ‰ ֫ṵẔԏῶӉ ι‾ᵝ￼ᴵ

ᴪớẔ ιῸҡҨїԇẪχ

ⱡḜῶ Ҏ εBarrattγSharmaι2018ζιӇἅҪἵ

ᵓḜᴵҨљאῶΆ│ ⅝ ỈεBrock ι2019ζι

Ӕּז 50k IMAGENET ╜ ᶃӵᵙ 50k   ‾￼Ӭᶃӵ

FIDιẊћҡ 50k   ‾￼Ӭᶃӵ IS ѭ 5 Ѧј

ᵃ￼  Ἲ‾Ӭᶃӵ Ἅῶẙ ιἅҪἵᵓ҃ᶎӪ  

        ᾛ←   ἅҪḾ 1 ѧ ￼Ά│ ҃ẍ┌￼⅝ ι

ᴏχ῾Ӣᾡ￼ BIGGANιῂ Ά│ᴅ‰ ι  ‰ ι

ᵙᴁ Ά│3GAN ᵙ3GAN-CO ᶈἍῶ3GAN-CO

ḫ ѧιἅҪӔּז ‰ ιᴏ Ã ￼ soft max ֧ јῗ

one -hot ￼ ӂ ι⃰ḅἅҪᶈִℓḫ ѧ ḻֹ￼

‾ι ḧ҃ Ḿ҈3GANιἅҪ Ӕּז ‰ ιӇ

ᶈᴅ꜠￼ḫ ѧ ‰ ￼ᾦ‛ Ḿ҈Ἅῶᴁ Ά│ι

ἅҪᴱ ệ kβ￼Ḣԅ ḫ‰ ιԎѧ Ӑ

ѭ ᶢז ιἅҪӠּפ kβ‰ ￼ ḫᶃӵẊѢẨἍῶ῾‰

￼ ḫᶃӵιⱡᵅӔּ׆זӎ￼‰ ᶃӵ BIGGAN

εἍệ₩ᶚּי BIGGAN-kβὝḧζ ῳᵅιἅҪή ҃

GAN ῼ ἅ Ḿῂ ᵙᴁ Ά│￼ẽᵠ  

        ἅҪּזјᵃ￼   Ḓ ⅛Ѧ₩ᶚѕ₭ιẊἵᵓѧ

ӈᾭ FID ᵙѧӈᾭ IS ҃ SINGLE LABELᵙ BIGGAN-kβ

ѳᶹιѕ₭ ￼ẈᶎӪ￼‰֝ӭṮ ẂӉ ᵼ℅ιἅҪṄ

ԏῶẈᶎ FID ᵙ ISӪҨᴣ‰֝ӭṮ￼ ὸ ֹ ẹ D ѧҟ

Ἅῶ₩ᶚ ᶈ Google TPU v3 Pod ￼ 128 Ѧ⁄Ọі

ιԎѧ BatchNorm ӡỤ ⁄Ọᵃℓ  

        ῂ Ά│  Ḿ҈ ιἅҪ ᴅᶊӔּ҃זῳḄ￼

᾿ ₩ᶚεKolesnikov ι2019ζ ᾭḔ 

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf
https://github.com/google/compare_gan
https://github.com/google/compare_gan
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1.֫‘Ά│￼ ᾎ  ῶԋ ᵙᴃᵃ Ά│￼

῎ι ָ֫ᴠ 3.1 ᵙ 3.2  3.3 ὼ ҃

GAN ῼ ￼ ἅ  

 
 

҈זּ ￼ ￼ ᵀҡ ᵀ ѧ Ὅ Ԏ

Ҥῂ ￼Ά│≡ῶ ᴠᾭ  

 

Ӿ ᵙᴃᵃ Ά│   ἅҪ ḴἛṝᵼḒזּ 16

εZagoruyko γKomodakis ι2016ζ￼Ḵ ResNet-50 v2

‟‗ιּ҈ז 3.1 ѧὼ ￼ Ά│ѧ￼⸗ềώᴨᵸ F

ἅҪӔּז SGDᶈ 65 ѦῊῼԓҸקε2ζѧ￼Ὣ᷂ ἥ ᶽ

ṇ ѭ 2048ιּי B῾‰ ￼ḫӕᵙ 2048 - B‰ ￼ḫӕ

ἄ Ỉ Goyal Қ￼ấ ε2017ζḾ҈ᶽἥ ι

ἅҪεiζṄḙѽꞌ ѭ ιҨᴣεiiζᶈῳִ￼ 5 Ѧ

ῊῼӔּז ớḙѽꞌ ♬ ḙѽꞌᶈ epoch  45 ᵙ epoch  

55 ᶴҨ 10 Ӥ ֟ѣ₭ ε2ζѧ￼ᴠᾭ ƛ ѭ 0.5ι⅛

ἥ B￼῾‰ ӕᾭѭ 1536 ᴠᾭ ƛ ᵙ B ᾯѭҡ

ѧ ώ ᴨ 0.1 β ‰ ￼ ӕ ι ᾆ ѭ

‾ệֹ￼֫ ᵸ

ᶈ IMAGENET ḧӪ і￼֝ ẙᶈ 3 ѧἵᵓ

ε3ζѧּ3҈זGAN-COὫ᷂￼ᴠᾭ ƛ ҡ ᵀ ѧ

Ὅ  

       GAN Ῑ ײַ Ỡנּר  Ḿ҈ἍῶΆ│ιἅҪᶈε5ζ

ѧӔּזεChen ι2019bζ￼ὸ ᴠᾭƙ = 0 .2ιẊᶈε4ζ

ѧ  ƚ ￼ṇἜὼ Ḿ҈ṍ ￼Ӫε ζιἅ

Ҫ≡ῶ ֹṭᶽ￼ẽᵠιẊћḾ҈3GAN Ӕּזƚ = 0 .5 Ḿ

҈3GAN-COιἅҪ≡ῶ ᶶӔּזƚ = 1 .0￼Ἔὼ  

 

5.  
 

        ᵻỳ їι ṪӐ￼Ѯ ‰ῗᶈῂҚ ￼ừ֙

їש εἆ ֧ζḢԅᴩ ￼ BIGGANι 

 

ἆ‰ ᾭὯ￼ ṇ ֫ ᶈїᾰѧιἅҪṄ ֫‘Ά│ᶈ

℅ ‰Ά ￼Ҹ ♇  

       Ӑѭᶢ ιἅҪḾ BIGGAN ￼ Ὰḫא ệ҃ 8.4 ￼

FIDᵙ 75.0 ￼ ISιᵼ℅ṏ FID Ԝ҃א Brock Қἵ

￼ ‛ε2019ζ ἅҪ ḻֹטỗ ￼ ҎṮầιἅҪ

Ṅᶈ 5.4 ѧ  

 

5.1  

 

       ῂ Ά│￼ ‛Ở ᶈᶃ 7 ᵙ 2 ѧ Ḣԅῂ

￼ RANDOM LABEL ᵙ SINGLE LABEL₩ᶚ ḫ҃א ӆ

￼ FIDѭ 25 ᵙ ISѭ 20 љ BIGGAN ⅝ι ῗ Ѧ Ẹ

ᶽ￼Ṯ ιẊ ῎ ᶹ￼ ῗọ ἅҪ├ỴֹѕѦ

SINGLE LABEL ₩ᶚѧ￼ ѦṦ▼҃ι ἍῶѕѦ

RANDOM LABEL ₩ᶚ ḧᶊ ҃ 250k ἄᵸוּ₭ Ҧ  

       Ӕּז ἅ Ḿ Ѳ ιẊ Ḿ

￼ ᾭὯ ιṄ FID Ӊ 10βẊӔ ISᶭז

10β Ҏ ‛ῗ Ḿ 50 Ѧ ệ￼ιἍῶԎҤ

Ṁ ῭Ṯ￼ ‛ ⱡ ớ Ҡⱡ⅝ BIGGAN ṮỄᶺι

Ӈ ‛ῗ ׁᶈ ῼᶃӵּוἄΆ ￼ῳᾺἩ 

εChen et alε2019bζἵᵓ҃ῂ ￼ἄוּ FID ѭ 33ζ  

        ￼ ӕᶃӵᶈ Ӽ ᾳѧ￼ᶃ 14,15 ᵙ 16 ѧ

֧ ῘⱡῗῶỴѲ￼ιẊᶈᵃ ѧḾ ӆḾ

֫ ℅ᶹιּי ῶҭᶊᶈ ḧ Ậіּוἄ￼Ḿ

ᴦῑ҃Ṟ҈ Ẕ ￼ ᾭὯ￼֫ṵ ᴰ Ά ιἅҪ

ᴵҨ▐₣ᶊ ḻֹᵃ ѧḕᶈᶺѦ Ẹ ѭ 50 Ѧ

Ὴι ῗ ῼ￼ ῶ ￼ῗι ֹ῭ᶺ￼ ε⅝ḅ

500ζҺғּו ӆ҈ SINGLE LABEL￼ ‛  

 
 

 

2.ῂ Ά│￼ѧӈᾭ FIDᵙ ISεᴠ ẹѧ￼ 14 ѧ￼

ẈᶎӪᵙ‰֝ӭṮζ  

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf
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ᶃ 7. ἅҪ￼ῂ Ά│ ệ￼ѧӈᾭ FID  ᶘ ἅ

Ҫ￼ BIGGAN ḫא￼ѧӈᾭ FIDιḜӔּזἍῶ ᶃӵ￼‰  

ⱡῂ ᵙḢԅ Ά│ѳ ￼Ṯ ҠⱡỄᶽιӇӔּז Ӿ

￼ ἅ ε ζљᴅ‰ ᵙ  ‰ ⅝ᴵώ

‾ᵝ ιҡ ᶈῂ ￼ừ֙їḫאᾺ￼Ӿ Ἡ   ᶈ

IMAGENETіּוἄ  

 

5.2.  
 

          3GAN ₩ᶚιἅҪӔּז ἅ ᵙᴁ

Ὣ᷂ ￼֫ ᵸεᴠ 3.1 ζιFID Ẃṇιᶭ

҃ז 10βᵙ 5β ḫ‰ ￼ ᾭὯιẊћẸӔּז 20β￼

‰ Ὴιᶈ FIDᵙ ISΆ ש BIGGANεᴠ 3ζ  ἅ

ҪẶ ιṓ ҆ḫіּ҈זὸᾸ‰ ￼֫ ᵸḾ҈ 5βι10β

ᵙ 20β‰ ᾭὯָ֫ԏῶҝѭ 50βι63βᵙ 71β￼ top -

1 ẙεᴠ 3ζιљᴝḊ‰ ￼ 100β ⅝  ‛Ῐ

ᶈ 4 ᵙᶃ 8 ѧι  ‾ ᵙᾀӪᴵҨᶈ Ӽ ᾳ￼ᶃ 9-

17 ѧἧֹ  

        ᴂᵂ   ἅҪ￼ᴃᵃ ₩ᶚ3GAN-CO ￼ ‛ḅ

4 Ἅ ιḜᶈ GAN ῼ ᶈֶָᵸ ￼ᶢ і

ᴁ ￼ ớ֫ ᵸεᴠ 3.2 ζ ḜᴵҨ ֧ι 

 

 

3.Ӕּז 3.1 ѧὼ ￼ ᵙᴁ Ὣ᷂￼ ￼

IMAGENET і￼ top -1 ᵙ top -5 ꞌεβζ  ⱡ

љḢԅ ￼ IMAGENET֫ үח ⅝ι₩ᶚῘⱡјῗῳӾ

￼ιӇ‰ ￼ Ҩש Ẋᶈ•Ҏừ֙їᾡ ῳӾ ￼ GAN

ⱡᶃӵᵀἄ  

 

 

4. љᴃᵃ Ά│ιҨᴣ GAN ῼ ἅ ￼

ᾦ‛εᴠ ẹѧ￼ 12 ѧ￼ẈᶎӪᵙ‰֝Ṯζ  ⱡᴃᵃ

Ά│￼ Ҹ҈Ḣԅῂא ￼Ά│ιӇḜҪ῎ῘҸ҈

￼Ά│  GAN ῼ ￼ ἅ ῶ҈יἍῶừ֙  

 
 

Ḿ҈Ἅῶ ￼‰ ︣֫⅝ι3GAN-CO Ҹ҈ἍῶḢԅῂ

￼Ά│ ⱡ3GAN-COљ 5β‰ ѳ ￼Ṯ ᵙ

ᶈ FID Ά ￼Ṯ ỄṇιӇ3GAN-CO ԏῶ Ẹᶽ￼ IS

ẸӔּז 20β‰ ￼ ӕῊι3GAN-CO ệ 13.9 ￼

FID ᵙ 49.2 ￼ ISιԎљ BIGGAN Ẃὶ Ẋћ3ςGAN-CO

֧҃3GAN Ά│￼ ᴅớ ‰ ︣֫⅝￼֟Ṉι3 

GAN ᵙ3GAN-COѳ ￼Ṯ ѼҺᶭᶽ  

       ῶ ￼ῗιᴏӔᶈ GAN ῼ ḙѽ֫ ᵸι3 

GAN-CO ӆѶѼјӵ3GAN Ά│ ‾ ḧ

BIGGAN-kβ￼Ѫ ιἅҪᴱӠּפ‰ ᾭὯּ҈ז ẊѢẨ

Ἅῶ῾‰ ￼ᾭὯι ᶈ 60k ֹ 120k Ҧᵅ Ẃј ḧẊ

ћṦ▼ιḾ҈ἍῶѕѦ   Ḓᵙ 10βᵙ 20β‰ ᾭὯ

ῗ ‾  
 

5.3 GAN  
 

       ֹ ׁѭ₿ιἅҪṰ ֹ ￼ᴁ Ά│ιᴏ

3GANι ᶼḫא 20β‰ ᾭὯ￼ῳӾ ớ ᶈ ι

ἅҪ  3.3 ѧὼ ￼ GAN ῼ ￼ ἅ ῗᵋ

ᴵҨṾ ℓ￼ᾡ 4 ᵙᶃ 8 Ῐ ҃3GAN ￼ḫ

‛ιᴏ3GAN љֶָᵸѧ￼ ἅ ᵀ  

       ᶈἍῶ ￼ ѧι ἅ Ṁ FID ֟Ṉᵙ IS ᶭ

ז ⸗ָῗἅҪᴵҨṄῳӾ ￼ BIGGAN љ 10β￼‰

ש ιẊћᶈ FIDᵙ ISΆ ᶎҸ҈Ӕּז 20β‰  

       Ḿ҈3GAN ιּ҈יᶈ FID ѧ GAN Ὴ￼

ἅ ἍṾ￼ᾡᵱῗ Ẹᴵ ￼ιᶽᶺᾭừ֙ї ѭ

10β ᾯε4ζѧֶָᵸ ἅ Ὣ᷂￼ᴠᾭ≡ῶῘ ώ

 ״

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf
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ᶃ 8.ᶘ ӔּזἍῶ‰ ᾭὯ￼ BIGGAN ḫא￼ѧӈᾭ

FID  ấ ￼3GAN Ά│ ᶼӔּז 10β￼Ḣԅ ḫ‰ ש

ῳӾ ￼ BIGGAN ₩ᶚ￼ớ ιẊћӔּז 20β￼ớ Ҹ҈Ḝ  

 

ᶈ GAN ῼ ἅ ￼Ḅᶴι ṈᶈἍ ￼ҮӪ

ᶀԓ ḅ 2 ᵙ 4 Ἅ ιGAN ῼ ￼ ἅ εӔ

זּ ᴠᾭ ƙ/ƚζѼᴵӔ3GAN-CO ᵙ SINGLE LABEL￼

ᾡ ꞌώ 5β 10β ỞѳιᶈӔּז ᴠᾭ￼ GAN

ῼ ἅ ᴵҨᶈἍῶΆ│ѧḫא ḧ￼ώ״  

 

5.4  

 

        ᾇῺײַ   ḫּז ᴵҨ Ὅ￼ ῗ3GAN ᵙ

3GAN ῗᵋӔּז ‰ εᴏ log its і￼ argmaxζἆ ‰

εlog its і￼ softmax ζεᵻỳ їἅҪӔּז ‰

ừ֙їѭ3GAN-CO ᵙ3GAN-COζ ἅҪῳִ￼ῼῺῗι

Ẹ‰ ᾭὯ ẂṈῊι ‰ Ẕ ῶἍẁיιᵼѭ ‰ Ṿ

ῶ῭ᶺᴵ Ἦẽֶָᵸַּז￼ӡỤ ҧҚỬ ￼ῗι 5

ѧῘ ￼ ‛▐₣ᶊ ῎ᴦѳҒⱡ ἅҪ ׁ￼Ӭ ῗι

ῗּ҈י‰ ԄἮẽֶָᵸ￼ΆẪιӇἅҪ ≡ῶ

Ὧ  

ח       ҷצ  Brock ε2019ζᶈṦ▼ѳׁἵᵓ₩ᶚ￼

FID ᵙ ISι ᴵҨ ӐῗΈῼӯ₿￼ ẻẪ ⅝ѳїι

ἅҪ │ ḧᶊ Ἅώ֧￼₩ᶚ 250k ἄᵸוּ₭ Ҧ

⸗ָῗιἅҪ ḻֹἅҪ￼ִҦ BIGGAN ḫᾼ￼ ḧ

 FIDᵙ ISӐѭ ℓ ￼֩ᾭ￼◗ᴪḅ ẹѧ￼ᶃ 21

Ἅ ᶈ ♇іιἅҪᴱ ὸ╜ Ṯầ￼ ◊  

       Ή ֪ײַ ♆ᵘӈ҇ 5ήַײ    Ҩ῭ ￼֫ ꞌ

Ҏ₩ᶚᴪệ῭ ιẊћ ᾯḙѽ ꞌ ἅҪҨ

256 Ö 256 ֫ ꞌ ҃֡Ѧ3GAN ₩ᶚιẊᶈᶃ 12-13

ѧῘ ҃ệֹ￼‾  

5.Ӕּז ε ╜ζ‰ ᴵ ệ⅝Ӕּז ε ╜ζ‰

῭Ḅ￼₩ᶚεᴠ ẹѧ 13 ѧ￼ẈᶎӪᵙ‰֝ӭ

Ṯζ  

 
 

ᵙᶃ 19-20 ѧ￼ᾀӪ  ἅҪ ҃3GAN ḫ ιԎѧҝ

Ӕּז 2.5β￼‰ Ẋћ ḻֹ FIDѭ 13.6ћ ISѭ 46.3  

῎ι ḧṈ ‾ ιᴵҨ῎ῘҸ҈ῂ Ά│εᴠ ᶃ

7ζ  

 

6.  

 

       ᶈ ṪӐѧιἅҪ ҃֡ ỂιҨ֟ṈῳӾ ￼

ἄḾἰוּ ѧ‰ ᾭὯ￼ ∂ ἅҪ ῎ι ἅᵙᴁ

ḙѽ￼ῳᾺ ṝᴵҨּ҈זḫאᾺ￼Ἡ ↨Ẉιῂ ῗῂ

ᵙ ￼ ⱡᶃӵᵀἄ  

       ἅҪ ӡ ῗ ᵇӉ ∂ Ӡ ᶃӵᵀἄῳ ‰￼

ℓ ῾ṪӐῶ֡Ѧ Άᵇχεiζ ҎἩ Ḿ῭

ᶽᵙ῭ᶺ‾קᾭὯ ￼ ớιҨᴣεiiζזּ ԎҤ ἅᵙ

ᴁ Ά│Ḿ₩ᶚ ￼ẽᵠ  εiiiζ  ἅ ḾԎҤ

▄ẙּוἄ₩ᶚ￼ẽᵠ ῳᵅιἅҪ Ặ ιљ ᶽ וּ₩

ἄḾἰ ԋ￼Ṫ ὠἇᴵ Һ ℓ￼ ṝ ѭẁ

י ℅ ẊӞ ᴵᶶאớιἅҪẦ◊ּ҃҈זḫ ￼Ἅῶ

Ҧ  

 

 

 

       ἅҪ ỵ Ting Chen ᵙ Neil Houlsby ṏ ἅ ᴣ

ԎḾ GAN ￼Ẕּז ҃ḹῶἄᾦ￼ ἅҪ ỵ

Lucas BeyerιAlexander Kolesnikov ᵙ Avital Oliver ṏ

ἅ ￼ᴁ ḙѽ ҃ῶ ￼ ἅҪ ỵ

Karol Kurach ᵙ Marcin M ichalski ҤҪḾ Compare GAN

ẓ￼Ѯ Ꞌ ἅҪ ỵ BigGAN ᵽ εAndy Brock ι

Jeff Donahue ᵙ Karen Simonyan ζḾ TPU GAN ￼

ῳᵅιἅҪỵ Google Brain ᵽ ἄᵔᶈ ќ￼

ᾟὙ  

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf


 

 
www.gwylab.com                   https://arxiv.org/pdf/ 1903.02271.pdf 

‰￼Ṉ῭זּ ἄוּ Ӡ ￼ᶃӵ 

 

Agrawal, P., Carreira, J., and Malik, J. Learning to 

see by moving. In International Conference on 

Computer Vision, 2015. 
 
Arbel, M., Sutherland, D., Binkowski, ́M. a., and Gretton, A. 

On gradient regularizers for mmd gans. In Advances in 

Neural Information Processing Systems. 2018. 
 
Barratt, S. and Sharma, R. A note on the inception 

score. arXiv preprint arXiv:1801.01973, 2018. 
 
Beyer, L., Kolesnikov, A., Oliver, A., Xiaohua, Z., and 

Gelly, S. Self-supervised Semi-supervised Learning. In 

Manuscript in preparation, 2019. 
 
Brock, A., Donahue, J., and Simonyan, K. Large scale gan 

training for high fidelity natural image synthesis. In 

International Conference on Learning 

Representations, 2019. 
 
Caron, M., Bojanowski, P., Joulin, A., and Douze, M. Deep 

 for unsupervised learning of visual features. 

European Conference on Computer Vision, 2018. 
 
Chen, T., Lucic, M., Houlsby, N., and Gelly, S. On self 

modulation for generative adversarial networks. In Inter-

national Conference on Learning Representations, 2019a. 
 
Chen, T., Zhai, X., Ritter, M., Lucic, M., and Houlsby, N. 

Self-Supervised GANs via Auxiliary Rotation Loss. In  
Computer Vision and Pattern Recognition, 2019b. 

 

De Vries, H., Strub, F., Mary, J., Larochelle, H., 

Pietquin, O., and Courville, A. C. Modulating early 

visual pro-cessing by language. In Advances in 

Neural Information Processing Systems, 2017. 
 

Deng, Z., Zhang, H., Liang, X., Yang, L., Xu, S., Zhu, 

J., and Xing, E. P. Structured Generative 

Adversarial Networks. In Advances in Neural 

Information Processing Systems, 2017. 
 
Doersch, C., Gupta, A., and Efros, A. A. Unsupervised 

visual representation learning by context prediction. In 

International Conference on Computer Vision, 2015. 

 

Dumoulin, V., Shlens, J., and Kudlur, M. A learned 

repre-sentation for artistic style. In International 

Conference on Learning Representations, 2017. 
 

Gan, Z., Chen, L., Wang, W., Pu, Y., Zhang, Y., Liu, 

H., Li, C., and Carin, L. Triangle generative 

adversarial networks. In Advances in Neural 

Information Processing Systems, 2017. 

Gidaris, S., Singh, P., and Komodakis, N. Unsupervised 

representation learning by predicting image rotations. In 

International Conference on Learning 

Representations, 2018. 
 

Goodfellow, I., Pouget-Abadie, J., Mirza, M., Xu, B., 

Warde-Farley, D., Ozair, S., Courville, A., and Bengio, 

Y. Generative adversarial nets. In Advances in 

Neural Information Processing Systems, 2014. 
 

Goyal, P., Dollar, ́ P., Girshick, R., Noordhuis, P., 

Wesolowski, L., Kyrola, A., Tulloch, A., Jia, Y., and He, 

K. Accurate, large minibatch SGD: training imagenet in 1 

hour. arXiv preprint arXiv:1706.02677, 2017. 
 

Heusel, M., Ramsauer, H., Unterthiner, T., Nessler, 

B., Klambauer, G., and Hochreiter, S. GANs 

trained by a two time-scale update rule converge 

to a Nash equi-librium. In Advances in Neural 

Information Processing Systems, 2017. 
 

Jang, E., Devin, C., Vanhoucke, V., and Levine, S. 

Grasp2Vec: Learning Object Representations from 

Self-Supervised Grasping. In Conference on Robot 

Learning, 2018. 
 

Kalchbrenner, N., van den Oord, A., Simonyan, K., 

Dani-helka, I., Vinyals, O., Graves, A., and 

Kavukcuoglu, K. Video pixel networks. In 

International Conference on Machine Learning, 2017. 
 

Karras, T., Laine, S., and Aila, T. A style-based 

generator architecture for generative adversarial 

networks. arXiv preprint arXiv:1812.04948, 2018. 
 

Kolesnikov, A., Zhai, X., and Beyer, L. Revisiting 

Self-supervised Visual Representation Learning. In 

Computer Vision and Pattern Recognition, 2019. 
 

Kurach, K., Lucic, M., Zhai, X., Michalski, M., and 

Gelly, S. The GAN Landscape: Losses, architec-

tures, regularization, and normalization. arXiv 

preprint arXiv:1807.04720, 2018. 
 

Lee, H.-Y., Huang, J.-B., Singh, M., and Yang, M.-H. Un-

supervised representation learning by sorting sequences. In 

International Conference on Computer Vision, 2017. 
 

Li, C., Xu, T., Zhu, J., and Zhang, B. Triple 

generative adversarial nets. In Advances in Neural 

Information Pro-cessing Systems. 2017. 
 

Lucic, M., Kurach, K., Michalski, M., Gelly, S., and 

Bous-quet, O. Are GANs Created Equal? A Large-

scale Study. In Advances in Neural Information 

Processing Systems, 2018. 

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf


 

 
www.gwylab.com                   https://arxiv.org/pdf/ 1903.02271.pdf 

‰￼Ṉ῭זּ ἄוּ Ӡ ￼ᶃӵ 

Menick, J. and Kalchbrenner, N. Generating high 

fidelity im-ages with subscale pixel networks and 

multidimensional upscaling. In International 

Conference on Learning Rep-resentations, 2019. 
 

Miyato, T. and Koyama, M. cgans with projection dis-

criminator. In International Conference on Learning 

Representations, 2018. 
 

Miyato, T., Kataoka, T., Koyama, M., and Yoshida, Y. Spec-

tral normalization for generative adversarial networks.  
International Conference on Learning 

Representations, 2018. 
 

Mundhenk, T. N., Ho, D., and Chen, B. Y. Improvements 

to context based self-supervised learning. In Computer 

Vision and Pattern Recognition, 2018. 
 

Noroozi, M. and Favaro, P. Unsupervised learning of 

visual representations by solving jigsaw puzzles. In 

European Conference on Computer Vision, 2016. 
 

Odena, A. Semi-supervised learning with generative 

ad-versarial networks. arXiv preprint 

arXiv:1606.01583, 2016. 
 

Odena, A., Olah, C., and Shlens, J. Conditional Image 

Syn-thesis with Auxiliary Classifier GANs. In 

International Conference on Machine Learning, 2017. 
 

Pinto, L. and Gupta, A. Supersizing self-supervision: 

Learn-ing to grasp from 50k tries and 700 robot 

hours. In IEEE International Conference on 

Robotics and Automation, 2016. 
 

Sajjadi, M. S., Bachem, O., Lucic, M., Bousquet, O., 

and Gelly, S. Assessing generative models via 

precision and recall. In Advances in Neural 

Information Processing Systems, 2018. 
 

Salimans, T., Goodfellow, I., Zaremba, W., Cheung, 

V., Rad-ford, A., and Chen, X. Improved 

techniques for training GANs. In Advances in 

Neural Information Processing Systems, 2016. 
 

Sculley, D. Web-scale k-means . In International 

Conference on World Wide Web. ACM, 2010. 
 

Springenberg, J. T. Unsupervised and semi-supervised learn-

ing with categorical generative adversarial networks. In  
International Conference on Learning 

Representations, 2016. 
 

Sricharan, K., Bala, R., Shreve, M., Ding, H., Saketh, 

K., and Sun, J. Semi-supervised conditional GANs. 

arXiv preprint arXiv:1708.05789, 2017. 

 

Van Den Oord, A., Dieleman, S., Zen, H., Simonyan, 

K., Vinyals, O., Graves, A., Kalchbrenner, N., 

Senior, A., and Kavukcuoglu, K. Wavenet: A 

generative model for raw audio. 2016. 
 
Zagoruyko, S. and Komodakis, N. Wide residual networks.  

British Machine Vision Conference, 2016. 
 
Zhang, H., Goodfellow, I., Metaxas, D., and Odena, 

A. Self-Attention Generative Adversarial Networks. 

arXiv preprint arXiv:1805.08318, 2018. 

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf


 

 
www.gwylab.com                   https://arxiv.org/pdf/ 1903.02271.pdf 

‰￼Ṉ῭זּ                  ἄוּ Ӡ ￼ᶃӵ 

 

A. ז‾ ᵙᾀӪ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ᶃ 9.ᶈ☺ᶈ εҡṫֹᴸζԓᾀῊҡ3GANε20β‰ ι128  128ζ ệ￼‾   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ᶃ 10.ᶈ☺ᶈ εҡṫֹᴸζᾀӪῊҡ3GANε20β‰ ι128  128ζ ệ￼‾   

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf


 

 
www.gwylab.com                   https://arxiv.org/pdf/ 1903.02271.pdf 

‰￼Ṉ῭זּ ἄוּ Ӡ ￼ᶃӵ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ᶃ 11.ᶈ☺ᶈ εҡṫֹᴸζԓᾀῊҡ3GANε20β‰ ι128  128ζ ệ￼‾   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ᶃ 12.ᶈ☺ᶈ εҡṫֹᴸζԓᾀῊҡ3GANε10β‰ ι256  256ζ ệ￼‾   

http://www.gwylab.com/
https://arxiv.org/pdf/1903.02271.pdf

