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ᶢ҈‾Ẫ￼ GAN ‟‗εStyleGANζᶈᾭὯ ‍ῂ￼ט

ҭּוἄᶃӵấ₩ѧ ֹ҃ῳӾ ￼ ‛ ἅҪṄᾂ ᵙ֫‘

Ԏ Ҏ⸗ềӀӵ￼֧אᴝᵼιẊώ֧₩ᶚ‟‗ᵙ Ά│Ά

￼ᾡ Ҩ ֘ Ҏ ⸗ָῗιἅҪ Ὰ ἄᵸוּ҃

ặ Ά│ιק ᾺḬ ҃░ Ẫᶭ ‟‗ιẊḾּוἄᵸᾼז

ιҨᶈҡ☺ᶈקֱ⃰҃ ֹᶃӵ￼ῑṃѧ ῭כ Ḅ￼

҃ᾡᵱᶃӵ ᶹιӔּז Ể ẙ ᵸ Ṿ‎҃

ᶹ￼Ḅᶴιᴏּוἄᵸᴪệ Ẃḳ῏ᴦ ӔệᴵҨᴵ ᶊ

₅╜ᶃӵῗᵋּי⸗ḧ ἄוּ ἅҪ ℓᴵ ἄᵸḅוּק

ӍӼַּ֫זԎ ֧֫ ꞌιẊ ḧ ḳ ιҡ כ☼

ἅҪ ῭ᶽ￼₩ᶚҨ ℓώ Ởӌ ιἅҪᾡ

￼₩ᶚᶈאῶ￼֫ṵẪὝ‰ ᵙỵ ￼ᶃӵ Ά

ᾺḧѲ҃ῂ‍ҭᶃӵấ₩￼ῳӾ Ἡ Ὕ‰  

 
1.  
 

ἄḾἰוἄΆ│ιṎԎῗּוּ εGANζ[15]ּוἄ

￼ᶃӵ￼֫ ꞌᵙ ⃰ᶈ ώ [23ι31ι5] ׁι

҈זּ ֫ ꞌᶃӵᵀἄ￼ῳᾺΆ│ῗ StyleGAN [24] ιḜṰ

῎ᴵҨᶈᴿ ᾭὯ іᴵ ᶊṪӐ ἅҪ￼ṪӐ ♇ῗ

ӢᶶԎ⸗ềӀӵιẊ ℓώ ‛  

StyleGAN [24] ￼Ῐ ⸗ềῗԎ Ẃ ἄᵸӌוּ￼

‗ ῑṃ f јԜṄ Ԅ￼☺ᶈ ҝ ֹ

￼Ầ᷃ι ῗṄԎ Ὥѭѧ ￼☺ᶈ ⱡᵅұ

ṃᴪὭּוἄίֺᶃṖ￼‾ẪιẊ Ẕḫӕặ ק

εAdaINζ[20 9 12 8]ᴠљᵀἄ g ᵀἄ  ᴰ

ᶹι ᵇᵀἄ ώӗ ᶹ￼  ᵹᶲᶃ‎Ӟ  ᴪ

ק  

 

 

[24ι38]Ṱ ῎ι ӹ ѧ ☺ W ￼ ⅝

Ԅ☺ Z ￼ ṇệᶺ ᶈ ᾰѧιἅҪἍῶ￼֫‘

ᴱ ѧᶈ W іιᵼѭḜῗҡᵀἄ ԋ￼☺ ẙ

‎  

ᶺ ḻ Ṱ ├Ỵֹּי StyleGAN [3] ￼ἄ￼ᶃӵѧוּ

⸗ềӀẽ ἅҪ ḧ҃ ἄ ҎӀẽ￼ѣѦᴝᵼιẊὼ ҃

╦ ҎӀẽ￼ӌ ‗ᵙᾡ ￼ Ά│ ӾιἅҪ

҃Ẃ ￼ᾱ♇ꜛӀӵ￼ ◊ιẊᴧוּאἄᵸֳấḜҪῗѭ

҃ Ԏӌ ‗ѧ￼ ᶈ 2 ѧιἅҪ Ὰ

ặ￼זἄᵸѧӔּוּ҃ ιק ặ ╦ק ҃Ӏӵ Ԏ₭ι

ἅҪ֫‘҃љ░ Ẫᶭ ԋ￼Ӏẽ[23]ι Ӏẽᶈ ḧ

֫ ꞌ GAN Ά Ẃἄו ἅҪώ֧҃ Ѧᴵḫא

ᵃ ‰￼ῲҦ -ᴏ ҡԋ├Ӊ֫ ꞌᶃӵẦḊιⱡᵅ

░Ṅ♯♇ ֹ ‎ ￼֫ ꞌ- јᶈ ῼ ῭ᾡ

ὂἓ ‗ Ὰ ӔἅҪ ᶼᵀתᶊת Ἅּוἄ

ᶃӵ￼ῶᾦ֫ ꞌι ֫ ꞌḫ іӉ҈ ῼӪιҡ Ṁ

҃ ḳ ￼ᶭזε 4 ζ  

Ӕּזᶢ҈ּוἄΆ│ғּו￼ᶃӵ ￼ḧ ֫‘Ҡⱡῗ

Ѧԏῶὠἇớ￼ Frechet ִḊ εFIDζ[19]╜ ҃

InceptionV3 ֫ ᵸ￼ ⸗ề ѧѣѦ֫ṵ￼ḸẙṮầ

[39] ẙᵙᴳᵻꞌεPγRζ[36ι27] ῘẪ ָ֫ק

ӆ҈ ᾭὯ￼ּוἄᶃӵ￼︣֫⅝ᵙᴵҨּוἄ￼ ᾭὯ

￼︣֫⅝ιҡ ώӗ҃ ᶹ￼ ḧӘὯ ἅҪӔּז ҎὝ‰

‎ ᾡק Ά│  

FID ᵙ PγRᶎᶢ҈֫ ᵸ ιῳ Ṱ ῎ ֫ ᵸ

Ӛ ҈ ת јῗẻꜛ[11]ιᵼ℅ι Ҏẙ ј ֝ ᶊ

Ὢ ᶃӵ ￼ἍῶΆ ἅҪ ḻֹỵ Ể ẙ

εPPLζẙ [24] ẬԄӐѭ ӂ ☺ᶈ ᾀӪ ￼

Ά│ι 
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ᶃ 1.ḫӕặ Ṁק StyleGAN ᶃӵѧ֧א ӆ↨◕￼Ӏẽ Ҏᶈּוἄ￼ᶃӵѧẊјỞῗỄ῎ῘιӇῗḅ‛ἅҪ‬ ἄᵸוּ ԓ ￼☼

╗Ṗιֱ Ḋ ḕᶈιᶈἍῶҡ 64x64 ֫ ꞌẦḊ￼⸗ềᶃѧ ῗᵿἣἍῶ StyleGAN ᶃӵ￼ ớ  

 

љẻꜛ￼ ớᵙ ḧớ ԋ ᶈ℅ᶢ іιἅҪḾᵀἄ

ιҨᾟὙẈ◌ῑṃεתᶴקֱ⃰҃ 3 ζιẊ῎Ῐ

ḫ҃א ￼ώ ѭ҃Ἱ╦Ԏ ҦҮιἅҪ ấ ј

ѱ ᶊἚ Ἅῶֱ⃰קιẊ ḻֹ ‾ӮᴵҨᶈјẽᵠᾦ

‛￼ừ֙ї  

ῳᵅιἅҪᴧאιӔּזᾺ￼ Ể ẙֱ⃰וּקἄᵸ⅝Ӕ

ᴝḊזּ StyleGANιṄᶃӵἮẽֹ☺ᶈ W￼ᾦ‛῎Ῐ῭

Ḅ ԏῶḫ ỴѲιᵼѭḜӔἅҪ ᶼᴵ ᶊֶᾸῗᵋӔ

ἄ҃וἄᵸּוּ￼ḧ⸗זּ ḧ￼ᶃӵε 5 ζ  

ἅҪ￼ḫᾼᵙ ￼₩ᶚᴵᶈїΆᶊᶍ ệχ 

https://github.com/NVlabs/stylegan2 

 

2.  
 

ἅҪ Ӿ ḻֹ StyleGAN ἄ￼ᶽᶺᾭᶃӵוּ ᵒ֧א

ӆ҈↨◕￼⸗ềớᾱ♇ꜛӀӵ ḅᶃ 1 Ἅ ιᴏӔ ◕ᶈ

ῳ ᶃӵѧᴵ ј῎ῘιḜѼҺ֧אᶈּוἄᵸ￼ѧ ⸗ềᶃ

ѧε ẕ 1ζ ầẂẦḊ֧אᶈ 64Ö64 ֫ ꞌ ιẊ

῭ᶈἍῶ⸗ềᶃѧιẊћᶈא֧ ￼֫ ꞌїᴪệ ‎

Ặ Ὑ ӀӵҧҚᵿửιᵼѭֶָᵸẔ￼א֧ ᶼ₅

╜ֹḜ  

ἅҪṄ ḧӈֹ AdaIN ѧι ᴵָ֫ặ

Ѧ⸗ềᶃ￼ᶎӪᵙΆṮιҡ⅛ק ☺ᶈᶊ ᶐᶈ⸗ề

ѧ Ḿ҈ế℅ᴧא￼үӍӡỤ ἅҪӬ ◕Ӏӵῗּוἄᵸ

ᾥỴṄӡᴺẶẙӡỤӲӲ ḫӕặ ￼ק ‛χ ֳấ

ѮṀ ᾭὯ￼Ặᶽ￼ṕ ṊṤιּוἄᵸᴵҨӵԎҤᶊΆ

‾ῶᾦ ᾣӡᴺ ἅҪ￼Ӭ ᴩֹҨїᴧא￼ᾟὙχẸҡּו

ἄᵸѧֵ ặ ℓק ῊιḅїἍ ι ◕ӀӵҺḢԅ╦

᷂  
  

1ᶈ‖Ṉᾭừ֙їεᴵ ᴉᶃӵ￼ 0.1βζι ◕ҺѢ᷂ιҡ

Ṁ ᶃӵѤ Ὣᶐ ῶԋ ӡỤι ᴠ ẹ A  

 

2.1.  
 

ἅҪṄ ӾӢᾡ StyleGAN ἄᵸ￼֡Ѧוּ ιҨ῭Ḅ

ᶊӞ ἅҪ Ὰ ặ ק ṏ Ὕ‰ ι Ҏᴪק 

ғּוѧớἆṇṇ￼ ‖ẽᵠ 

ᶃ 2a Ῐ ҃ᴝḊ￼ StyleGAN ᵀἄ g [24]ιᶈᶃ

2b ѧιἅҪ Ῐ   ᵙӭṮẊṄ AdaIN ᾛӐ֫ ѭԎ

ѣѦ ἄ ֫χặ ᵙק ֺιṄ⸗ềᶃἛṝѭḢᾯ

ӔἅҪᴵҨ Ὰ ֺ₦Ổі￼♃ ⁭ιҨӝ⅛Ѧ⁭ Ὕ

ѧ☼╗ ‾Ẫ￼ ֫εᴏɒ‾Ẫᶒɓζ ῶ ￼ῗι

ᴝḊ￼ StyleGAN ᶈ‾Ẫᶒԓᾼ҃זӭ ᵙᵹ ιӔḜҪ￼

ḾẽᵠљẸׁ‾Ẫ￼ᶽṇἄᴦ⅝ ἅҪ ḻֹι Ṅ

ҎᾛӐ ֹ‾ẪᶒѳᶹεḜҪᶈ῾‰֝ק￼ᾭὯі ᾛ

ӐζιᴵҨ ệ῭ᴵ ╜￼ ‛ ℅ᶹιἅҪ├Ỵֹιᶈ℅

῭ᾡѳᵅιҝḾ‰֝ӭṮ ᵙק֝‰ ֺṏ ᶼ҃εᴏι

ј ᶎӪζ ӭ ιᵹᶲᵙặ Ḿởḧק Ԅ￼ẔּזѼᴵ

ҨḠԅᶊ╦ ι ≡ῶ῎Ῐ￼ ♇ ℅ᴪӌḅᶃ 2c Ἅ ι

ẊӐѭἅҪ Ὰ ￼ặ ￼ק ♇  
 

2.2.  
 

҈ḫӕặ ӆѶק ҈ẶᶽιἅҪḅӍᶈӠּפ‾Ẫ⸗

ḧ⅝ӕ￼ᾦ‛￼ᵃῊ— Ḝ όἅҪὴ ҃ἥ ặ ק

[21]ιᵼѭḜљ ֫ ꞌᵀἄἍ ￼ṇᶚṇἥ јԒḳ ἆ

ιἅҪᴵҨ ᴅᶊֵ ặ ק ṓ ḫ і ỉᾡᵱ҃

FID [27]ιӇ Ӕ‾Ẫ￼ᾦ‛ệҨ јῗ⸗ḧ҈⅝ӕι

ҡ ḫ і᷂ᴞ҃ StyleGAN ώӗ￼ᴵίֺớε ᴠ

ζ ᶈιἅҪṄώ֧א ῲҦΆ│ι Ά│ᶈӠּפᴵί

ֺớ￼ᵃῊֵ ҃Ӏӵ Ѯ ộỳῗᶢ҈ҽԄ⸗ềᶃ￼ ῼ

ặ ιӇ≡ῶῘẪẶֺק  

ᵻỳ їιᶃ 2c ѧ￼‾Ẫᶒּי ֺιᴒ ᵙặ ק

ἄ ἅҪẦḊ  
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ᶃ 2.ἅҪ Ὰ ҃ StyleGAN ᵀἄ ￼‟‗ εaζᴝḊ StyleGANιԎѧ A ҡ W ḙѽ￼ұṃᴪὭιғּו‾Ẫᵇ ι B ᵹᶲ

ẍᾘᾛӐ εbζḢᾯ ᵃ￼ᶃ ᶈ ιἅҪṄ AdaIN ֫ ѭῘẪặ ᵅԜק ֺιⱡᵅḾ⅛Ѧ⸗ềᶃ￼ᶎӪᵙ‰֝Ṯ ᾛ

Ӑ ἅҪ Ḿḙѽ￼  εwζιӭṮεbζᵙẂᾭ Ԅεcζ ҃├ ιẊ Ὰ ֺ҃♃ ⁭ιҨӝ⅛Ѧ⁭ ☼╗ ‾Ẫ ☼╗֩ᾭ

εLeaky ReLUζỞῗᶈ▌זӭ ᵅ ᴏẔּז εcζἅҪḾᴝḊ‟‗ ҃ Ҏᾡטι Ҏᾡטᶈ⃰ᾰѧῗῶᾦ￼ ἅҪҡ ẦḊṏֵ ҃

Ҏᶺӎ￼ᾛӐιṄ b ᵙ B ￼ ז ֹ‾Ẫ￼ῶᾦתᶟѳᶹιẊҝ ᾯ⅛Ѧ ᶃ￼‰֝ӭṮ εdζӢᾡᵅ￼ӌ ‗ӔἅҪ ᶼּזɒ

ɓᾛӐҦῲḫӕặ ιק ᾛӐ љ⅛Ѧᴒ҈זּ Ṗ ԋ￼   
 

 

ᴒ ᵅ￼ ֺᾦ‛ ֺ⁞Ὧ Ԅ‾Ẫ ᾣᴒ ￼⅛Ѧ Ԅ

⸗ềᶃιѼᴵҨ ᾣᴒ   ‎ḫאχ 

 

Ԏѧ w ᵙ ָ֫ῗᴝḊ  ᵙ ֺ  ι ῗљ

i Ѧ Ԅ⸗ềᶃ ḾẔ￼⅝ӕι j ᵙ k ָ֫֯ѯ ֧⸗

ềᶃᵙᴒ ￼ ї‰  

ᶈιḫӕặא ￼ק ￼ῗҡᴒ ֧⸗ềᶃ￼

ӡỤѧḫ і╦ s ￼ẽᵠ ἅҪ ḻֹᴵҨ῭ ὶᶊḫ

א ‰ ἅҪӬ Ԅ☼╗ῗ꜠ ᵃ֫ṵṾῶᴅӈ

‰֝ӭṮ￼  ᴪ ֺᵙᴒ ᵅι ֧☼╗￼‰

֝ӭṮѭ 

 

ᴏι Ẕ  ￼ L2 ᾭ‎ ᾣ ֧ ᵅ￼‰

ῈᶈṄק֝ ֧Ỡᶶѭᴅӈ‰֝ӭṮ ᶢ҈ Ẫ 2ιḅ‛

ἅҪṄ⅛Ѧ ֧⸗ềᶃ j ᾣεɒ ɓζ ιֱᴵҨ

ḫא℅ ￼  ἆ ιἅҪᴵҨ 

 

Ԝ₭ṄԎṧԄֹᴒ   ѧχ 

 
Ԏѧ ῗ ԁᾭӪ ￼ṇẂᾭ  

ᶈιἅҪṰא ṄᾯѦ‾ẪᶒṧԄֹᴅѦᴒ ṖιԎ 

ӔּזԇẪ 1 ᵙ 3 ᶢ҈ s ᾯεᶃ 2dζ љḫӕặ

ק ⅝ιἅҪ￼ Ἡ  ẴιᵼѭḜᶢ҈ԋ҈ӡᴺ￼

Ӭ ι јῗ⸗ềᶃ￼ḫ ԓḳ ӆ￼ ֫‘ṰᶈאҦ

ִḊק ẑѧẍ┌Ӕּז[13ι18]ιӇἅҪј ḜӾׁ

Ṱ ‎ῲҦӘזּ ᾭὯ￼ặ ק ἅҪ￼ Ѽљ  ặ

 ῶԋι[37]ק ặ Ἒ[37]ק љ Ὰ ḧ  ắ ᵃ

￼ Ӿׁ￼ṪӐṰ ῎  ặ ᶈק GAN ѧῗ

ῶ ￼[42]  

ἅҪ￼Ὰ ╦ ҃⸗ềӀӵεᶃ 3ζιᵃῊӠὙ҃Ḣ

ԅ￼ᴵίֺớιḅ Ἅ FID ᶢ іјᴩẽᵠε

1ι AιBζιӇῗҡ Precision ֹ Recall ῶ ῎Ῐ￼

ᴪ ἅҪ ѭ ẂῗᵀѶ ￼ιᵼѭᴵҨ ἈᾸṄᴳ

ᵻꞌ Ὥѭ ẙιӇ҆ḫẊ ḅ℅[27] ḫ іιἅҪ￼

ᴵҨῗ 
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1.Ѯ ‛ Ḿ҈⅛₭ ιἅҪ Ὅ FID ῳӉ￼ ồⱢ ἅҪӔּזјᵃ￼   Ḓ ⅛ѦὝ‰ 10 ₭ιẊἵᵓ҃ḜҪ￼ẈᶎӪ  

ɒ Ể ẙɓ֯ḾẔ҈ᶢ҈ W [24]ѧ￼ Ể ♇ ￼ PPLẙ Ḿ҈ LSUN ᾭὯ ιἅҪἵᵓ￼ Ể ẙјץᵍῳִѭ FFHQấ ￼ѧ

ỌӐⱶ  FFHQᾭὯ ᵍץ 70k ᶃӵιἅҪᶈ ѧῘ ҃ 25M ￼ֶָᵸᶃӵ Ḿ҈ LSUN CARι Ẕ￼ᾭḔῗ 893k ᵙ 57M  
 
 
 
 
 
 
 
 

 

(a)Ӊ PPL ֫ ᾭ (b)  PPL ֫ ᾭ  
 

ᶃ 4.Ӕּזᶢ StyleGANε 1 ѧ￼ Aζᶈỵ Ể ẙᵙᶃ

ӵ ѳ ấ εaζPPLӉε˅ 10 Ѧ︣֫♇ζ￼  ӕ

Ḓ εbζPPL εˆ 90Ѧ︣֫♇ζ￼ ӕ  PPL֫ᾭљᶃӵ￼

Ѳ ớѳ ḕᶈ῎Ῐ￼ ԋớ  
 
 
 
 
 
 

 

ᶃ זּ.3 Ҧῲặ ᴵҡᶃӵᵙ☼╗ѧֵק ⸗ềӀӵ  

 

ḅ ẹ BἍ ιӔּ֫ז ᴒ ῶᾦᶊḫא ו ѭ ԁọ

ᶈԇẪ 3 ѧ ☼╗֩ᾭιἅҪḾ☼╗֩ᾭ ᾣιҨ

ӔԎӠּפ ῼ￼ӡᴺΆṮ  

 

3.  
 

ṓ GAN ẙ ‰֝εӕḅ FIDἆ Precision and Recall

εPγRζζἄוᶊὪ ￼ἄᵸוּ҃ ᶺΆ ιӇḜҪҠⱡ

ᶈᶃӵ іᶴ҈ ♇ ӕḅι ᴠ ᶃ 13 ᵙᶃ 14ιḜҪ

Ḿ⅝҃ԏῶ ᵃ FID ᵙ PγR֫ᾭӇᾯӌ ῎Ῐјᵃ￼ּו

ἄᵸε ẕ 2ζ  
  

2 ἅҪ ѭι῎Ῐ￼ј ￼ԋ ᶈ҈ ￼⸗ḧ Ὅι

јῗ FIDἆ PγR￼ᶢ ῳ ᴧאιӔּז ImageNet [35] ￼

֫ ᵸӫᵇ҈Ṅ֘ ῭ᶺᶊᶢ҈ ת јῗẻꜛ[11]ι Қ ֱẶ

♥ԋ├ẻꜛ[28] ᶈἅҪ￼іїᾰѧῗῶỴѲ￼ιᵼѭ FID ᵙ P

γRӔָּ֫ז‎ InceptionV3 [39] ᵙ VGG-16 [39]￼ ⸗ềι

Ҏ⸗ềῗ ΆẪ ￼ιᵼ℅ᴵҨ ῼ 

 

 

ᶃ 5.εaζӔּזᶢ StyleGANε 1 ѧ￼ AιFID = 8.53ι

PPL = 924ζּוἄ￼ᴅѦᶃӵ￼ PPL֫ᾭ֫ṵ ḾẔ҈ᶃ 4￼︣֫

⅝ ᶀҨ₫ ֧Ῐ εbζἅҪ￼Ά│ε FζῘ ᾡᵱ҃

PPL֫ṵεῘ ҃ԏῶ ᵃ FID = 8.53ιPPL = 387 ￼ồⱢζ  

 

ἅҪ ḻֹ҃ỵ ￼ᶃӵ ᵙỵ Ể ẙεPPLζѳ

￼ῶ ԋ [24]ι Ὕ‰ῳִῗ ╜ ᶈ☺ᶈ ѧ￼

ṇἣטїּוἄ￼ᶃӵѳ ￼Ẉᶎ LPIPS ‎ ҡ☺ᶈק

ֹ ֧ᶃӵ￼ῑṃẈ◌ẙ￼Ὕ‰[49] Ԝ₭ᴠ ᶃ 13 ᵙ

14ι ṇ￼ PPLεẈ◌￼ּוἄᵸῑṃζӆѶљ ￼ᾯӌᶃ

ӵ ԋι ԎҤὝ‰ֱ јֹ ᴪק  ᶃ 4 ₅ ҃

ԋớῗ῭ Ḹ￼ 
 
 

ӭᵇ҈ ╜₅ת ‾ιԏῶẶ♥￼ ￼ ᶃӵᴵ￼ת ‎ế

℅῭ ӆι⅝Қ ḻ ἍᶈỴ￼ Ặιҡ ֫Ὣḱ҃ᶢ

҈Ḹẙ￼ẙ εFIDζᵙᶺΆ ￼ ẙ εPγRζ  
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ᶈ LSUN CATі ￼ StyleGAN і￼W іᴿѦ♇ᵕ

ᶀ￼☺ᶈ ‾ệ֧￼⅛Ẅᶃӵ PPL ֫ᾭιᴵҨ҃ χ

PPL֫ᾭӉḫ і ᶃӵ￼ ιᴦѳҒⱡ ᶃ 5a Ῐ

҃⅛Ѧᶃӵ PPL ệ֫￼ Ẕ ΆᶃιẊᾂ ҃֫ṵ￼

Ṕ ₩ᶚ￼Ởӌ PPLᴱῗ⅛Ѧᶃӵ PPLệ֫￼ ῼӪ  

ѭӍ PPL ӪӉљᶃӵ ￼ԋ јᶿ῎ῘόἅҪӬ

ᶈ ѧιֶָּ҈יᵸҺḾ⅍ ￼ᶃӵ Ự ιᵼ℅

ἄᵸᾡוּ ￼ῳ ὶΆ│ῗῶᾦᶊἾӄғּו Ḅᶃӵ￼☺ᶈ

ᶟιת ṄṀ ᶃӵ ᴙ ѭ ṇ￼☺ᶈᶃӵ

ồ ᴪת￼קᶟ ⱡ ᴵҨᶈ ῼԓώ Ẉᶎ ֧ ι

Ӈ ￼᷂ ҺὫḱ ꜛỗι Ὣḱῳ ᶃӵ  

ԋớ ῎ιᶈ ѧ Ӊכ PPL

‎ᾟὙẈ◌￼ּוἄᵸῑṃᴵ Һᾡᵱᶃӵ ιἅҪᶈҨї

ừ֙ѧҺ ῎ ừ֙ קֱ⃰￼וғּ҈יּ ‎ῶҎ

ῌ ιᵼ℅ἅҪ Ӿὼ ￼ ἩקἍῶֱ⃰҈זּ Ҹ

ק  

 

3.1.  
 

ẂιѮ Ὣ᷂֩ᾭεӕḅι Ὣ᷂[15]ζᵙֱ⃰ק

εӕḅι  [30]ζ ֒ѭᴅѦ Ẫιᵼ℅ ᵃῊҸ

ק ἅҪ ḻֹι⃰ ק ￼ ꞌ Ẃ⅝Ѯ Ὣ᷂֩ᾭ

Ӊệᶺιҡ ᶽᶽ Ӊ҃ḜҪ￼ ἄ ᵙᾯӌԓḕӔּז

1 ѧ￼ C Ῐ ι⅛ 16 Ѧṇἥ ҝἚ ₭ ⃰

ῊιјҺקֱ ἄүӍᴎḱιẊћἅҪḾᾺ￼ֱ⃰קᵸѼ

҃זּ ᵃ￼ צּ ẹ B ֧҃ḫא  

 

3.2.  
 

￼ἄᵸѧוּ Ể᷂ ᶽῘⱡῗј ￼ṕ ‍ҭχW

ѧ￼үӍṇתᶟᶈ g ῑṃῊ Һ үỴὣᴙᵙἾӄ љΈ

ῼṪӐ[33] ιḅ‛ᶈ☺ᶈ ѧ￼⅛Ѧ♇ᶴιṇ￼ӈ

ᶈᶃӵ ѧғּו ᵃᶽṇ￼ᴪקι љᾋטΆᵇῂԋι

ֱἅҪ ѭҡ☺ᶈ ֹᶃӵ ἄᵸῑṃ‍ҭוּ￼ Ḅ   

ᶈᴅѦ ᶴιּוἄᵸῑṃ ￼ṕ

ẙ ⅝ӕ ᾣṞớּי ᴵ⅝ Ὢ

֧҈ӠὙᵇ ῼ ẙεῂ ΆᵇḅӍζ￼ט ιἅҪ

Ṅֱ⃰קḧѲѭχ 

 

 

ᶃ 6.░ Ẫᶭ Ṁ ɒ ⅎɓӀӵ  ᶈ℅ ӕѧιⱳ ј Ỉ

ιמ ῗљᾋӵ ӠὙḾ ιḅ Ἅ  

 

Ԏѧ y ῗԏῶ⃰ỗ֫ṵӵ Ặẙ￼  ᶃӵι

ιԎѧ zῗ⃰ỗ֫ṵ ἅҪᶈ ẹ CѧῘ ιᶈ

іιẸ ᶈүӍ w ᶴ ῗ⃰Ґ￼εῳᶽֹԅṕ ᶀζ

Ὴι Ӿ Һῳṇק ⃰Ґ ҺӠּפ ẙιẊћјҺ⌐ү

Ӎ ẙᴙ  

ѭ҃ ԁḾ ᴵ⅝ ￼ῘẪ ιἅҪӔּזở Ẫ

ιḜᴵҨӔּז‰֝ᴦᵇҽᾘῶᾦᶊ

[6] Ẃᾭ a ᶈҸק ѧטỗ ѭ ẙ ￼ ῼὝ

ᾭ ẈᶎӪιҡט ӔҸק  ᴵҨἧֹᵀ ￼ԅṕ‰ẙ  

ἅҪ￼ֱ⃰קᵸљ Odena Қώ֧￼ Jacobianɒ᷆

ɓֱ⃰קᵸḸ֬ ԋ[33] ḫ ￼ṮầץὐἅҪ ֫‘

֧Ѻ ι ḜҪӔּזῶ ￼Ṯầ‎ӂ ◑

￼ ẔẸὝ֧ιּוἄᵸ[45]￼ ặ

ҝ[31]ק ​ῳᶽ᷈ầӪιḾԎҤ᷈ầӪ≡ῶ ​ιᵼ℅

ј ḧṀ ῭Ḅ￼  

ᶈḫ ѧιἅҪ├Ỵֹ Ể ẙֱ⃰קṀ ῭ᴵ ᵙḊ

ḅ ￼ ѭ₩ᶚιҡ Ӕ‟‗ή ῏ḳז῭ ᶃ 5b Ῐ

ι Ể ẙֱ⃰ק῎Ῐᾡᵱ҃⅛Ѧᶃӵ PPL ֫ᾭ￼֫

ṵ 1 ￼ D ῎ιֱ⃰קᴵҨὟ ῼΆẪ Ӊ PPLι

Ӈᶈ LSUN CAR ᵙ ‗⅝ FFHQ Ṉ￼ԎҤᾭὯ ѧιFID

ᵙ PPL ѳ   ℅ᶹιἅҪ ḻֹι῭Ẉ◌￼ּוἄ

ᵸ῭῏҈ᴦ ε 5 ζ  

 

4.  
 

░ וּ [23]ᶈ ḧ ֫ ꞌᶃӵᵀἄΆ Ṱ Ẃἄ

ιӇḜҺṀו Ԏ ￼⸗ề᷂ ԋ ᶈ҈ι ░ᶭ

ἄᵸӆѶḾוּ￼ ￼ӈ ӭḄỄ  ￼ Ῐ  
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ᶃ 7.ѕ ἄᵸεוּ іΆζᵙֶָᵸӌ ‗ Up ᵙ Down ֫

ָ ᴥ ớіᵙї ‾  ᶈ⅍Ṯ ѧι Ҏ ὐץ 1Ö1 ᴒ

Ҩ ᾯ⸗ềᶃ￼ᾭ tRGBᵙ fRGBᶈ RGBᵙ ⅛ӵ ᾭὯѳ

Ὥ  Eᵙ FѧӔּז￼ӌ ‗Ҩ ֧Ῐ  

 

Ẹⱳ ἆ ⸗ềᶈᶃӵіẈ◌ ῊιḜҪᴵט Һӯּפ

ᶈᴝӈιⱡᵅ ֹї Ѧ ӈ ᶃ 6 Ῐ ҃ ԋ￼Ӏ

ӵ ἅҪ ѭ ᶈ҈ιᶈ ℓᶭ ￼ ѧι⅛Ѧ֫ ꞌ

Һ Ӑזּ ֧֫ ꞌι ӔԎּוἄῳᶽ ꞌ ιⱡᵅ

Ṁ ᴩ ￼ ᶈѧ Ṗԏῶ ￼ ꞌιҡ Ὣḱ҃

ӈ јᴪớ[48] ẹ A Ῐ ҃ Ѧ ӕ Ҏ ӞӔἅ

Ҫḿἧ ῲҦΆ│ι Ά│ṄӠּפ░ Ẫᶭ ￼Ḅᶴ ╦

 
 

4.1.  
 

ⱡ StyleGAN ᶈּוἄᵸεᵀἄ ζᵙֶָᵸѧӔּז

ᴅ￼ׁ ιӇҠῶᶽ ṪӐ ҈ד ῭Ḅ￼ ӌ

‗ ⸗ָᶊιᶈּוἄΆ│￼ ῟їι ὶ [34

22]ι⅍Ṯ [17 16 31]ᵙ֫ṖΆ│[7 46 47]Ѽ

῎ῗ Ẃἄו￼ ᵼ℅ιἅҪ֘ḧ Ὰ ӂ StyleGAN ￼

ιẊḿἧ ᶼּוἄ ᶃӵ јҺ ░ᶭ

￼ӌ ‗  

ᶃ 7a Ῐ ҃ MSG-GAN [22]ιḜӔּזᶺѦ ὶ‎

ὶּוἄᵸᵙֶָᵸ￼ש ֫ ꞌ Ӣᾡ҃ MSG-GAN וּ

ἄᵸҨ ֧ᶺ ᶃӵεmipmap ζ [41] јῗᶃӵιẊћ

ѭ⅛Ѧ ḫᶃӵ ҃ ӆ￼ ẻẪ ᶈᶃ 7b ѧιἅҪ

і ‾Ẋ∂ᵙḾẔ҈јᵃ֫ ꞌ￼ RGB ֧￼ Ꞌ‎

℅ק ᶈֶָᵸѧ 

  

 

2.≡ῶ ℓᶭ ⅝￼‗‟ἄᵸᵙֶָᵸוּ￼ ἄᵸљוּ ֧

ᵙ⅍Ṯֶָᵸ￼ ᵀḾẔ҈Ѯ ‛ ѧ￼ E  

 

ἅҪ ӆᶊṄї ‾￼ᶃӵώӗ ֶָᵸ￼⅛Ѧ֫ ꞌᶒ

ἅҪᶈἍῶі ‾ᵙї ‾ᾛӐѧ Ӕּ҃זᴥ ớ◒└ ᶈ

ᶃ 7c ѧιἅҪ ℓӢᾡ҃ ҨӔּז⅍Ṯ ὶε ẕ

3ζ ℅ ӆ҈ LAPGAN [7]ιӇ≡ῶ Denton ҚӔ

￼זּ ֫ ꞌֶָᵸ  

2 ⅝ ҃ѕ ἄᵸ‟‗ᵙѕוּ ֶָᵸ‟‗χ

StyleGAN ѧӔּז￼ᴝḊׁ ι ὶᵙ⅍Ṯ ι

Ἅῶ Ҏ ≡ῶ ℓᶭ ѭ 9 ᵀѧ￼

⅛ ώӗ҃ FID ᵙ PPL ἅҪᴵҨ ֹѣѦẍ┌￼

χᶈἍῶמ ѧι ￼ἄᵸѧוּ ὶҺᶽᶽᾡᵱ PPLι

⅍Ṯ￼ֶָᵸ ῘⱡḾ FIDῶַ ᵅ Ѽ ј ѭ᷈ι

ᵼѭֶָᵸᴵ ָ֫ ᵸ￼ ‗εԎѧṰ ⅍Ṯ ‗ҺῶἍ

ẁיζ Ӈῗι⅍Ṯ￼ӌ ‗Ḿּוἄᵸῶḱ ẸѣѦ

ῗ⅍Ṯ￼Ὴιᵪ ￼ӕᶹῗ LSUN CARѧ￼ FID  

ᶈ ᾰ￼Ԏӎ ֫ιἅҪӔּז ἄᵸᵙ⅍Ṯֶָוּ

ᵸι јӔּז░ Ẫᶭ ḾẔ҈ 1 ѧ￼ Eιҡ

ѧᴵҨ ֧ι֬Ὥֹ ᴵҨῘ ᾡᵱ FIDᵙ PPL  

 

4.2.  
 

ἅҪ Ӡּפ￼░ Ẫᶭ ￼ԋ Ά ῗιּוἄᵸṄ Ӿ

ԋ├Ӊ֫ ꞌו ιⱡᵅỹỹṄ├Ỵד ֹ῭ ￼

і ᶃ 7 ѧ￼ӌ ‗ӔּוἄᵸᴵҨҨῘ ΆẪ Ӿ ֧ј

ᴩ ֫ ꞌṖẽᵠ￼Ӊ֫ ꞌᶃӵιⱡᵅ ￼ Ṅ

♯♇ ֹ ֫ ꞌṖ јҺҨүӍΆẪẶֺἚ҈יּ ℅ᾛ

Ӑιᵼ℅ּוἄᵸҝᶈῶ ῊἑҺἚ ℅ᾛӐ  

 
 
 

3 ᶈ⅍Ṯ ‟‗ѧιѣ‍ Ể￼ ҺṀז ӡᴺΆṮזӤιἅ

ҪᴵҨ ѺҨ ‎Ἱ╦  Ḿ҈ἅҪ￼ ԋ ι ᶈ

֫ Resnet [17]ѧι Ẃ ἥặ תᶴק  
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ᶈἅҪ￼ ѧιἅҪ ṄѣѦ ￼ῳ ֫ ꞌṖѧ￼

⸗ềᶃ￼ᾭ Ӥ‎ז ╜ ε ẕ 4ζ Ӕ ѭ῭ז

ᵀ ῼχᶃ 8bῘ ҃ Ꞌ￼Ῐ ᶭזι 1￼ F Ῐ

FIDᵙ RecallῘ ώ  

3ᶈ֡Ѧ LSUN ָѧ⅝ ҃ StyleGANᵙἅҪᾡ

￼ᴪӌιԜ₭Ῐ ҃ FID￼῎Ῐᾡ ᵙ PPL￼Ῐ ℓ   

ᶃ 8.⅛Ѧ֫ ꞌḾּוἄᵸ ֧￼ Ꞌљ Ὴ ￼ԋ Ῐ

҃јᵃ֫ ꞌ￼ Ḿ‰֝ӭṮ￼ ֫ ι ₪ ḾẔ҈

ẙιҨֶָᵸῘ ￼ᾭ︣єѦ ᶃӵ ╜ ἅҪᴵҨ ֹι

ẦḊṏњ├҈Ӊ֫ ꞌᶃӵιẊћ ￼ ░ṄԎ

├Ỵד ֹ῭ᶽ￼֫ ꞌі ᶈεaζѧιּוἄᵸᶢ і ֧

ᶃӵιẊḾԎ ￼ ṇ ιק ᶈεbζѧι ᶽ￼

῭ᶺᶊԋ├ ֫ ꞌ  

 

 

3.Ӕּז FIDᵙ PPL╜ ￼ LSUNᾭὯ ￼ᾡ ἅҪḾ CAR

҃ 5700 єẄᶃӵ￼ ιḾ CAT ҃ 88M ￼ ιḾ

CHURCH ҃ 48M ￼ ιḾ HORSE ҃ 100M ￼  

 

ѭ҃֫‘ḫ ѧ￼ ѭιἅҪ ἄᵸᶈוּק ѧ

Ḿ⸗ḧ֫ ꞌ￼Ә ẙ  

҈יּ ἄᵸεᶃוּ 7bζ ῘẪ∂ᵙ‎ ᶺѦ֫

ꞌ￼ RGB Ӫ‎ẻἄᶃӵιᵼ℅ἅҪᴵҨ ╜ ḾẔṖḾ

ῳ ᶃӵ￼ Ꞌ‎ӂ ḾẔṖ￼ Ḿ ớ ᶈᶃ 8a ѧι

ἅҪ ֺ҃⅛Ѧ tRGB Ṗғּו￼ӵ Ӫ￼‰֝ӭṮљ Ὴ

￼ԋ ἅҪ w ￼ 1024 Ѧ  ‾ ￼‰֝ṮιẊḾ

Ӫ ặ ιҨӔḜҪ￼Ởᵙѭק 100β  

      ᶈ ẦḊῊιἅҪᴵҨ ֹᾺ￼ ￼ἄᵸוּ ѭ

ӆ҈░ Ẫᶭ ᶈῂא- ῭ᾡ ὂἓᴏᴵḫא ᵼ℅ι

ᴵҨ ῼιῳ ֫ ꞌṄᶈ ​Ὴᾟ Ӈῗι ᶃ

῎ᶈḫ ѧ ≡ῶᴧּוι ἄᵸᴵוּ῎ ῂ│ɒḢԅַ

ɓזּ ‰֫ ꞌ ѭ҃ ♇ιἅҪἐו₅‬ּ҃טἄ￼

ᶃӵιẊ├ỴֹḜҪ Ẃ Ṉ ᾭὯѧḕᶈ￼•Ҏӵ

ָ￼ -ᶃӵᴵҨὼ ѭ ᶃӵ￼ ⱱ ιק јῗ

ḫ￼ ᶃӵ  

Ṁ ἅҪӬ ḕᶈḳ  

 

 
ṑḽ￼ ℓᶭזᴵ ҺṾ‎῭ᶺḄᶴ  
 

5.  
 

ᴦ ᵀἄ g ῗ Ѧῶ ￼ ιḜԏῶ ᶺẔּז

ᶈ☺ᶈ⸗ề ѧᶴת ḧᶃӵ ӾѭԎἧֹש ￼☺

ᶈᵇ w ᴰᶹι GAN ᶃӵ ￼ώ ιṄ☺ᶈ￼ᵀ

ἄᶃӵặᵼ҈ּוἄḜ￼ ᴪệ ‎  

Ӿׁ￼ [1ι10]ấ ιḅ‛јѭּוἄᵸ￼⅛ Ṗ Ὅ

Ѧᴅ꜠￼ wιֱ ‛Һᾡᵱι јῗἧֹ ѦԊᵃ￼☺

ᶈΈῼ￼ ᵸḫאѧӔּ҃ז ᵃ￼Ά│[32] ⱡҨ

ΆẪἛṝ☺ᶈ ᴵҨἧֹљ ḧᶃӵ῭ὶ ש￼ ι

ӇḜ ᴵҨἮṃјẔ ԏῶ☺ᶈ ￼үỴᶃӵ ҈Ḿ

ἄᶃӵ￼ᴨוּ ₅╜ιἅҪњ├҈ᶈᴝḊ￼ ῾Ἓṝ￼☺ᶈ

ѧ‬ἧ☺ᶈ ιᵼѭ Ҏ ḾẔ҈ּוἄᵸᴵ ἄוּ

￼ᶃӵ  

ἅҪ￼ἮẽΆ│ᶈѣѦΆ љҨׁ￼Ά│јᵃ Ӿι

ἅҪᶈҸק ѧᵇ☺ᶈ ҃ז▌ Ӊ￼ᵹᶲιҨӝ῭ԅ

ᶊή ☺ᶈ Ԏ₭ιἅҪ Ҹ҃ק StyleGAN ἄᵸוּ

￼  ᵹᶲ ԄιḾḜҪ Ҩתᶴקֱ ӠḜҪῳ ј

ҺᾊṾ ẇӡᴺ ￼ᶢ҈Ặֺᵹᶲᶃקֱ⃰ ԋ ᾭᶈ

ᶺѦṑẙіש ᴅӈ Ᾱᵹᶲ￼ ԋ ᾭ ἅҪ￼ἮẽΆ

│￼ ӡỤᴵҨᶈ ẹ Dѧἧֹ  

 

5.1.  
 

ᴵҨ ֫ ᵸҨ Ẹ ￼ ӡẙ₅╜ GAN ἄ￼ᶃӵוּ

[29 44 40 50] ⱡ ι ҈ ṝ￼ ι ᴵ јῗ

ὙѰ￼ừ֙ ᶢ҈Ἦẽ￼Ά│￼꜠⸗ѳᶴᶈ҈ιḜҪᴵҨҨ

ש ￼☺ ￼ẻẪώӗ Ὧι ῎ᶃӵῗּי⸗ḧ ᵀἄ

￼[2] Ѽ≡ῶүӍיּת ῎Ԏῶᾦớ 
  

4 ἅҪᶈ Ɋ ֫ ꞌѧṄ⸗ềᶃ￼ᾭ ᶭ҃ז Ӥιᵃ

ῊӠὙ ￼ԎҤ ֫јᴪ ‾ιּוἄᵸѧᴵ ᴠᾭ￼Ởᾭᶭ

҃ז 22βε25Mʐ30Mζι ֶָᵸѧᴵ ᴠᾭ￼Ởᾭᶭ҃ז

21βε24Mʐ29Mζ  
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ᶃ 9.ᴝḊᶃӵᵙἮẽᶃӵѳ ￼ LPIPS ￼ἄ￼ᶃӵוּ

ΆᶃҨ Ῐ ι₫ ѭ ḫᶃӵ ṓ ᾡ ᵅ￼ּוἄᵸԏῶ῭

￼ᶃӵ ιӇṄּוἄ￼ᶃӵἮẽֹԎ☺ᶈ W ѧ ḳ῏ệ

ᶺ ᶈἍῶừ֙ї Ӕּז ᵃ￼ἮẽΆ│  

 

ᵀἄᶃӵ ￼ώ ιḜҺ֟Ṉι љᶢ҈֫ ᵸ￼Ά

│јᵃιᵅ Ṅ‎ᴵ Һ ֹ Ṉ￼⸗ề  

҆ḫ ῎ιᴏӔּוἄ￼ᶃӵ ῭ ιἅҪḾ

StyleGAN ￼ᾡ ѼӔệӔּזᶢ҈Ἦẽ￼Ά│῭ḳ῏₅╜ּו

ἄ￼ᶃӵ ἅҪ ᴝḊᶃӵᵙ Ὰᵀἄᶃӵѳ ￼

LPIPS [49] ‎╜ Ἦẽἄו￼

ẙιԎѧ x ῗ ֫‘￼ᶃӵι ӆἮẽᾛӐ ᶃ

9 Ῐ ҃ӔּזᴝḊ StyleGAN ᵙἅҪ￼ῳӓ‟‗￼ LSUN 

CARᵙ FFHQᾭὯ ￼ Ҏ ￼ Άᶃιᶃ 10 Ῐ ҃

ӕἮẽ ḅᵅ Ἅ ιӔּזἅҪᾡ ἄ￼ᶃӵᴵҨוּ‗‟￼

ỄḄᶊἮẽֹּוἄᵸ Ԅѧιҡ ᴵҨ῎ ᶊṄḜҪặᵼ҈

ἄוּ ӔּזᴝḊ StyleGANιᴏӔҡἩ і‎ Ẕ ᴵ

Ҩἧֹש ￼☺ ιӇḫ іι☺ ӆѶᶿᶶ ҃ιῂ

│ᴵ ᶊἄוḫא ἅҪԏῶ῭Ḅ￼☺ᶈ W ￼ᾡ ₩

ᶚιᵼ℅ᴩ℅ ￼ẽᵠ ṇệᶺ  

 

6.  
 

ἅҪṰ ḧẊӢᶶ҃ StyleGAN ѧ￼ᶺѦᶃӵ

ιҡ ℓᾡᵱ҃ ιẊᶈᶺѦᾭὯ ѧᶽᶽώ ҃

Ӿ Ἡ ↨Ẉ ᶈ•Ҏừ֙їιḅἍ Ἅ ιᶈ ѧט

ᴵҨ῭▐₣ᶊ ֹ Ҏᾡ ẹ AץᵍӔּזἅҪ￼Ά│ᴵ

ệ￼ ‛￼῭ᶺ ӕ ṓ ῶἍώ ιӇљᴝḊ

StyleGAN ⅝ιӔּזᶢ҈Ἦẽ￼Ά│₅╜ּיἅҪ￼Ά│ּו

ἄ￼ᶃӵ῭ḳ῏  

 
ᶃ 10. ӕᶃӵᴣԎἮẽᵙ Ὰᵀἄ￼ḾẔᶃӵ Ḿ҈⅛ ι

Ῐ ‰ᶃӵι ҇ Ῐ Ẕ￼Ἦẽ☺ᶈ ᵙᵹᶲ Ԅ

￼ᵀἄ χӔּזᶢ StyleGANιἮẽ ẂᴵҨἧֹљּוἄ￼

ᶃӵ Ẹὶ ש￼ ιӇṎԎῗ ῟јᵃ҈ᴝḊᶃӵ ѧχӔּזἅ

ҪῳḄ￼‟‗ּוἄ￼ᶃӵ֡ѶᴵҨḢ ᶊἮẽᵻּוἄᵸ Ԅѧιҡ

ᴵҨ῎ ᶊặᵼ҈ּוἄ₩ᶚ їᶃχἮẽ￼ ḫᶃӵε‎

ζῘ ֧љᴝḊᶃӵ῎Ῐ￼Ṯầι⃰ḅ ῼ￼ ‾ Ἅῶ╜ ᶎ

Ӕּז ᵃ￼ἮẽΆ│ᵙ ᴠᾭḢἄ  

 

֫ᾭѼῶἍώ ᶈ ֫ ꞌїιᴝḊ

StyleGANε 1 ѧ￼ Aζᶈ ᶵ 8 Ѧ Tesla V100 

GPU￼ NVIDIA DGX -1 іҨ⅛ 37 ắᶃӵ￼ ẙ ι

ἅҪ￼ EҨ 61 ᶃⱭ/ ￼ ẙ 40β ᶽᶺᾭז

‎   ιả ᵙҦקֱ⃰ ҸקṾ‎￼ ᾭὯק

╙ Config Fεᶽᶚ ζ￼ ẙѭ 31 ᶃⱭ/ ιᵼ

℅ιԎ ἄ ҝ ỉ ҈ᴝḊ StyleGAN Ӕּז Fι

FFHQ￼Ở Ὴ ѭ 9 ᶾι LSUN CAR￼Ở Ὴ

ѭ 13 ᶾ  

Ӑѭ῾‎￼ṪӐι ℓᾡᵱ Ể ẙֱ⃰קᴵ

ῗḹῶἄ‛￼ιӕḅι ᾭὯזּ ề⸗￼ט ẙ ῲὭ

ӵ L2  
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7.  
 

ἅҪỵ Liu Ming -Yu ￼Έῼ ιTimo Viitanen ￼

Ҧ ᴧṵẁיιҨᴣ Tero Kuo smanen ￼ ᶢ ‟‗  
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A.  
 

ἅҪץὐ֡ắᶽᶃӵι Ҏᶃӵ ῎҃љᶃӵ ῶԋ

￼ᴿѦΆ ᶃ 11 Ῐ ҃ Ҏ ӕι Ҏ ӕ ῎҃Ӕּז

ἅҪ￼Ά│ᶈ FFHQ ѧᴵҨḫא￼ ᵙᶺ‾ớι ᶃ 12

Ῐ ҃ ᾰώֹ￼ἍῶᾭὯ ￼῾ ӂ￼ ‛  

ᶃ 13 ᵙᶃ 14 ṝ ҃ FID ᵙ PγR ֧ ‛￼ừ

֙ιӇ PPLӆѶ῭ ᵀҚ ￼ֶᾸ  

ἅҪ ὐљץ StyleGAN ᾰⱶῶԋ￼ᶃӵ ᶃ 15 Ῐ ҃

ừ֙ιԎѧᶈ StyleGAN ☼╗ѧῂ│֧אᾱ♇Ӏ

ӵιҡ Ṁ ᶃӵѤ Ὣᶐ ᶃ 16 Ṅ 1 ￼ A ᵙ Fѧ

￼☼╗ᴵ ק Ễ῎Ῐι░ Ẫᶭ Ṁ ѧ Ṗ￼ ꞌ

ιҡ Ὣḱ҃ ￼ ӈјᴪớ ἅҪӬ Ӕּז░ Ẫᶭ

ҺṀ ḻֹ￼ӈ ӭᵇ҈  
 

B.  
 

ἅҪᶈḾẔ҈ 1 ѧ A ￼ StyleGAN ḥΆ

TensorFlow ḫאε ẕ 5ζ￼ᶢ іḫ҃אἅҪ￼Ἡ

  ἅҪӠὙᶽᶺᾭ јᴪιץὐ Z ᵙ W ￼ ᾭ

ε512ζιῑṃ ӌ ‗ε8 ѦḢԅ ὶṖ￼ṵṕζι

100Ö̈̀ Ӊ￼ḙѽꞌιἍῶᴵ ᴠᾭ￼ḙѽꞌᶎ [23]ι

Leaky ReLU ☼╗ =ᴠᾭ ƙזּ 0.2ιἍῶі/ї ‾Ṗ￼ᴥ

ớ◒└[48] [24] ιṇἥ ‰֝ӭṮṖᶈֶָᵸ[23]￼ 

Ṕιּוἄᵸ  ￼Ὕᾭ קẈᶎӪ[23]ι‾Ẫ█ᵀֱ⃰ט

[24]ιԏῶ R1 ￼קֱ⃰ ᵙ Ὣ᷂[15] [30] ιԏῶ

ᵃ￼ ᴠᾭε  = 0;  = 0 .99; = ; minibatch = 

32ζᵙ ᾭὯ [24ι43] ἅҪӔּז TensorFlow 1.14.0

ᵙ cuDNN 7.4.2 ᶈ ᶵ 8 Ѧ Tesla V100 GPU ￼ NVIDIA 

DGX-1і ҃Ἅῶ  

ⱳởᵷ ᾚ  ᶈ BɊF ѧιἅҪּז Ӣ ￼ӌ

‗ῲὭ҃ᴝ‎￼ StyleGAN ἄᵸוּ ҃ 2 ѧ ֧

Ῐ ￼῭ᾡѳᶹιἅҪ Ӕּז ִḊקẂ Ԅ ￼

ҭιẊ ᴅזᵹᶲẍᾘᾛӐιҨḾἍῶ⸗ềᶃӔּ҃ק Ԋ

ҕ⅝ӕᵼḒ ҃ ֧Ṗεᶃ 7 ѧ￼ tRGBζј

ᶹιἅҪᶈἍῶᴒ Ṗѧ Ӕּ҃ז  ֺᵙ ᶈԏῶ

֧֫ ꞌ￼ừ֙їιּוἄᵸỞԊץᵍ 18 Ѧұṃᴪ

ὭṖιԎѧ ѦḾẔ҈ ֫ ꞌιὶї‎￼ѣѦḾẔ҈

֫ ꞌιӘ℅ ὸ  
  

5 https://github.com/NVlabs/stylegan
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ᶃ 11.ᵺѦ ӕ ῎҃ӔּזἅҪ￼Ά│ε Fζᴵ ệ￼ᶃӵ ᵙᶺ‾ớ  
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ᶃ 12. 1ᵙ 3ѧӔּז￼⅛ѦᾭὯ ￼῾ᾯת ‛ ᶃӵḾẔ҈ἅҪ￼ּוἄᵸε Fζғּו￼   ֧ιᶈἍῶ֫ ꞌїᶎӔּזư = 0 .5

҃ἈᾸ[24]  
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