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₦ꞌ₩ᶚ￼ῂ ḙѽῗ ᵸḙѽѧ￼ Ѧ⁄ỌӇԏῶὠἇớ￼  ԏӌ

ι ԏῶ῏ḙѽι ‾ιὸתᵙ ӂ￼₩ᶚḾ҈ ֘℅үח ԋ  ἅҪ

ӔּזḫӪ ӌ ӠὙεReal NVPζᴪὭɋɋ Ặᶽι ḧιᴵ ᵙᴵḙѽ￼ᴪ

Ὥ‎Ἓṝ℅ ₩ᶚ￼ ιҡ ғּוԏῶ Ḿᾭӆⱡ ￼ῂ ḙѽ │ι

ћῶᾦ￼ ‾ι☺ᶈᴪ ￼ ᵙῶᾦὸᾸιҨᴣᴵ ￼☺ᶈ  ἅҪṝ

҃Ḝ ‾ιḾᾭӆⱡ ӂᵙ☺ᴪ ᾛӐᶈᵺѦᾭὯ іấ₩ ⱡᶃӵ￼

ד  

 

1  

 

ᾡ҈יּ ￼ ḙѽἩ ι ḙѽ ᶟ ᴗ҃ṭᶽ￼ ℓ ⱡ ιῂ ḙѽῶᴵ ᶽזַּ

῾‰ ᾭὯιẊṄ Ҏ ṝἛṝֹԎҤΆẪј֬ḫ ἆјᴵ ￼ᶊΆ  

ῂ ḙѽ￼ ᴝֱớΆ│ῗּוἄ₦ꞌấ₩ ἄ₦ꞌ₩ᶚјҝԏῶֳוּ Ὰԓḳ￼ ιḜҪד

ԏῶẍ┌￼ ấ ԋẔּזιץὐӢᶶ[61,46,59]ιᴞᵹ[3]ι [71]ᵙ ֫ ꞌ[9] ]  

ỵԌ҈יּ ￼ᾭὯ Ẃῗ ẙᵙ ẙ ℅ιᵼ￼ק‗ ᶟ￼ὠἇῗấ ᶼẶᶽ￼₩ᶚ‎Ὢ

ὨԎᶶ ⸗ềẊћ₩ᶚҠⱡᴵ ἅҪ ẬԄḫӪ ӌ ӠὙεReal NVPζᴪὭ‎ ֘ ὠ

ἇι ῗ ῏҈ᶴתћḹῶ ￼דא ᾭὯấ₩Ά│  

₩ᶚᴵҨἚ ᾭὯ♇￼ῶᾦћ ￼ὸᾸι ‾ᵙḾᾭḸẙӂ ℅ᶹι ᾰҟ ￼ӌ ‗

ᴵҨҡ ₩ᶚώᴨ￼֫Ṗ⸗ềѧ ῶᾦᶊ ấ Ԅᶃӵɺ 

 

2  

 

ԋ҈₦ꞌּוἄ₩ᶚ￼ᶽ ṪӐӚ ҈Ӕּזῳᶽӆⱡ ₩ᶚ  ῳᶽӆⱡ₩ᶚῗּי₦ꞌῂᵇ

ᶃὼ ￼₩ᶚιӕḅᴩ ԑ΅ ᵸ[53]└ד▄ṉԑ΅ ᵸ[58]ᵙד Ԏ҇֫זַּ  ‗￼‍ҭ꜠

ớ‎ Ҏ₩ᶚιҨӹ Ḿ☺ᶈᴪ ῶᾦ￼ ἆ ӆᵅ ὸᾸ  ⱡ ιּ҈י ԋ ֫ṵ

Ḿ☺ᶈᴪ ￼ ҨᶴתιԎ ι ӂᵙ ‾ ẑ Ӕּז ӆӪιḅẈᶎᶋὸתᵙ ṉᴵ᷀ ⸗

ᴊ ι Ҏᶶ ₩ᶚ￼ᾠᾩῊ  
  
ẸӐ ᶈ Google BrainῊιṪӐṰ Ḣἄ. 
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ᶃ 1χReal NVP ḙѽᾭὯ֫ṵ ᵙ☺ᶈ֫ṵ Pzε Ẃῗ Ᾱ֫ṵζѳ ￼ᴵ ι ḧῑṃ  ᶈ ιἅҪṝ

҃ᶈﬞԏ 2-d ᾭὯ іḙѽ￼ῑṃ  ֩ᾭ fεxζṄ‾  x ҡṫіΆ￼ᾭὯ֫ṵῑṃֹᴸіΆ￼☺ᶈ֫ṵ￼

ӆ‾  z  ḾẔ҈ ḧᾭὯ￼☺ᶈꜛỗ￼ ὸᾸ  ᴦ֩ᾭ Ṅ‾  z ҡᴸїΆ￼☺ᶈ֫ṵῑṃֹṫї

ΆᾭὯ֫ṵ￼ ӆ‾  x  ḾẔ҈ҡ₩ᶚѧ  ‾ἄוּ  Ḿ҈ fεxζᵙ ιᶃѧ ֧҃ Xᵙ Z

ѧ￼ ⁪ ￼ᴪὭ  

 

Ҡ῾ ḧι ẂṀ ғּו ẙ ԋ￼‾ᵝ ℅ᶹι Ҏ ӆӪ ẂҺḈ ḜҪ￼ớ [7]  

ᴦιḧᵇᶃẻ₩ᶚῗ⁞ὯᴝḊἺ‾ ẑḧѲ￼ι Ḿ҈Ԏ₦Ổᵙ ᴅớ ԏῶ Ậד ⱡ

ιḜҪ ѷῂᵇ₩ᶚ￼‍ҭ꜠ ‗ιӔ☺ᶈᴪ ￼ ᵙ ӆᵅ ὸᾸᴪệ [56]  ᴪ֫

ὸ[27]תᵙ ὸ[13,43,35,49]ת ￼ῳᾺ ṝι ῳᶽקḾᾭӆⱡ￼ᴪ֫їּףιӹ ῶᾦ￼ ӆὸ

ᵙ▄ẙḧᵇᶃẻ₩ᶚ￼ḙѽ[45]ת ⸗ָᶊιᴪ ט │[35ι49]ᵃῊḙѽ Ѧּוἄ ιῑṃ

Z ֹ‾  x Ᾱ☺ᴪ ιẊћ זַּ Ὰᴠᾭשק ￼ ӆὸת ἩṬ[68]ιṄ‾  x ῑṃֹ

Ѧ ѲіῶỴѲ￼☺ Zι Ḝἄוᶊַּ҃ז▄ẙ ѧᴦᵇҽᾘ￼ῳᾺ ṝ[51,39]ιҡ Ṅ

ԎẔּ҈זҡ ᵀἄ[12]ֹ ấ₩[8]￼ᶺ Ẕּז ṓ ḅ℅ιὸת ѧ￼ ӆ ֺ҃Ԏḙѽ

▄ẙ ￼ ι☼ᴧ҃ד ῼᾡ ӆὸת￼ṪӐ[42,48,55,63,10,59 ,34]  

ԁӔּז☺ᶈᴪ ᴵҨḢԅ ԁ ӆ ᵻặ₩ᶚ[18,6,37,20] ᴵҨḫא ιᵃצּ

Ὴ ẂӠּפỄᶽ￼♄╗ớ │ ⁞Ὧ ẙі￼ᶁḧὴẑӔּז₦ꞌ ֱṄԎ֫ ѭ‍ҭ￼Ѻ

ιҡ Ḿᾭӆⱡק ӂᵙ ‾ιҡ ᴵ ᶊ₩Ὁ ᵀ֫ṵ ῳ ᶈ ֯ ѧ￼ṪӐַּ҃ז

ᶶᴧ [51]￼ῳᾺ ṝι⸗ָῗ ῼ ῼ Ỏ [26]ᵙ⅍Ṯ [25,24]ιҨӝḙѽῳᾺἩ ּוἄ

ᶃӵ₩ᶚ[61,46]ᵙ ₩ᶚ[32] ṑḽ￼ὴẑ ⱡ ẂῗүỴ￼ιӇḾ₩ᶚ￼ ԋ [66]

₩ᶚ￼ ẑớ ֺ҃Ԏ ᾦꞌιӕḅιḜ￼ ‾ ῗ ẑ￼ᵙјᴵẊ ι￼ק ᶈ ᵙ Ѹ

ᵀἄἆḫῊ … ẔּזѧҺᴪệỄ ♩ ℅ᶹι≡ῶљ ᵻặ₩ᶚ ԋ￼ ⱡ☺ᶈ ιḜҪ ≡ῶ

῎Ḿᴁ ḙѽỄῶּז  
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ᴰ Ά ιּוἄḾἰ εGANζ[21]ᴵҨ Ḣԅ ԁῳᶽӆⱡᴝֱ‎ үӍᴵỉ֫￼ּוἄ

ᴦιּוἄ љ ָᵸ ԋ ι ָᵸ ￼үחῗ֫ת‾ ᵙ ḫᾭὯ ָᵸ

јῗӔּז Ҩᶴת￼Ḿᾭӆⱡι ῗҨḾἰ￼ΆẪώӗ ӡᴺ ἄו ￼ GAN ₩ᶚ[21,15,47]

ᴵҨḊ ḅ ᶊּוἄ▐ῠ ￼‾  [38] ⱡ ι ‰ἄ‾ ᶺ‾ớ￼Ὕוּ ׁ Ҩᶴת

[62,22,30] ℅ᶹιҤҪ￼ ѧ￼ј ḧớ[47] ң ￼ ᴠᾭ ᾯҨ ԁјᵃ￼  

Ṅ☺ᶈᴪ z Ḑ Pzῑṃֹ‾  x Ḑ Px￼ּוἄ gת іј ӵ GAN ‾￼ ָᵸ

ιἆ ḅᴪ֫ ט ᵸѧ￼ ӆὸᾸ ḫ іιḅ‛ g ῗᴥṃ￼ιֱᴵҨӔּזᴪ ԇẪ￼ᴪק

ῳᶽӆⱡ‎ Ḝ: 

ѦԇẪṰ ᶈ֡ ᾰѧ ιץὐ꜠ ἄ֫֫‘￼ῳᶽӆⱡԇẪεICAζ[4,28]ι Ᾱק

[14,11]ᵙ▄ẙḸẙ₩ᶚ[5,50,17,3] ҈יּ  ớ ICA ￼ḕᶈớ ῎[29] ῎ι ᵻặ₩ᶚᴵҨ

ѭῳᶽӆⱡ ớ ICA ￼῏ᶴתḫӕιԎѧ⅍ṮḾẔ҈꜠ ֫  ⱡ ιᴪ ԇẪ￼ᴪק￼јἄⱦ

Ẕּזғּ҃ו іῌ ћ‍ҭṮ￼₩ᶚιᵼ℅ ᶚ￼ᶽ ₩₩ᶚṌ῾ Ԅ זּ ɺ 
 

 

3  

 

ᶈ ᾰѧιἅҪṄ ῳᶽӆⱡớ‎ ֘ᶈ ѧḙѽ ẙ ớ₩ᶚ￼  ѭ҃

ҸקḾᾭӆⱡιἅҪẬԄ҃ ῭♄╗￼ӌ ‗ιᴵҨӔּזᴪ ԇẪ￼ᴪק ᾭὯ￼Ḿᾭӆ

ⱡ  ᶢ҈ἅҪѳׁᶈ[17]ѧ￼ṪӐιἅҪḧѲ҃ Ặᶽ￼ᴥṃ֩ᾭιᴵҨ ᵙ῏ᶴת￼Ḹẙ

ӂҨᴣ ᵙ῏ᶴת￼ὸת  ℅ᶹιἍệ￼ἄ ֩ᾭјӘ ҈ ḅẈΆ Ṯ[38,47]￼ᶁḧẻẪ￼

ấἄ ιẊћ ᵼ℅ғּו῭▐ῠ￼‾   ℅ᶹι ♄╗ớῶ҈יἅҪַּזἥ ặ ᵙ⅍Ṯ[31]ק

[24,25]￼ῳᾺ ṝ‎ḧѲԏῶᶺѦἺ ָ￼ Ẃ▄Ԅ￼ᶺṑẙ‟‗ɺ 

 

3.1  

ḧ ╜ᾭὯᴪ ι☺ᶈᴪ і￼ ᴅӾ ₦ꞌ֫ṵ Pz ᵙᴥṃ

ιᴪ ԇẪ￼ᴪקḧѲ XѺҨ￼₩ᶚ֫ṵ 

 

       Ԏѧ ῗ x ￼ ᴵ⅝ ֯Ẫ  

ᴵҨӔּז ᴪὭ ‾ ἄ‎וּ[16]ֱ ‛֫ṵ￼ ‾   ᶈ☺ᶈ ѧ ֺ‾  z Ḑ Pzι

ẊћԎᴦӵ ᶈᴝḊ ѧּוἄ‾   ♇ x і￼Ḹẙῗ Ԏᶃӵ￼Ḹ

ẙ fεxζẊѺҨ ԋ￼ ᴵ⅝ ֯Ẫ ‎ḫא￼ ᴰ ᴠ ᶃ 1 ῶᾦ￼ὸתᴵҨ֝ ιồ

ᶊ ӂ₩ᶚ  
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ᶃ 2χ⃰ᵇᵙᴦᵇҽᾘ￼ ᶃ  ᵀṖẔּז ᴅ￼ᴵ ᴪὭι ᴪὭץὐ ᾣιⱡᵅᵇ Ԅᵇ X1 ӎ׆￼

֫і ￼ Ԅᵇ ￼ ֫ X2 ởḧӭז▌ Ԏ҈יּ  ᴅ￼ớ ι ᴪῃ῏҈ ιᴡԏῶ῏ᶴת￼

֯Ẫ  ⱡ ιּ֩יᾭ sᵙ t Ὢ ￼ ᴪὭ￼‍ҭớ Ῐ ᶊᶭ҃ז ԎҤẴ֩ᾭ￼♄╗ớ  ׁᵇᵙᴦᵇҽᾘ

ᾛӐԏῶ ᵃ￼ ἄ ɺ 
  

3.2  
 

ԏῶ ᶟᵙḸ ᶟ￼֩ᾭ￼ ᴵ⅝ ֯ẪҨᴣᶽ ￼ ֯Ẫ Ẃᶈ і Ẃῌ

љḾᴥṃ֩ᾭ￼ ֺ ᵀ ‎ιӔệ Ẫ 2 ‎Ḿ҈үỴ֫ṵ￼ấ₩ῗј֬ḫ ￼  

ḅ[17]ѧἍ ι ң ֩ᾭ fιᴵҨḙѽ ῃ῏҈ᶴתᴡ‖Ԏ♄╗￼ᴥṃ₩ᶚ ⃰ḅ

ᴪὭ￼ ᴵ⅝ ֯ẪḾ҈Ẕּז ᴝתᴞῶᾦᶊ ῗ ԋ ￼ι ṪӐַּ҃ז Ѧ ᴅ￼

ḻιᴏѕ ￼ ֯ẪᴵҨӐѭԎḾ ￼Ѻ ῶᾦᶊ  

ἅҪṄ ᶤᴬ ֯ ᴅ￼ᴥṃ‎‗ấ♄╗ћ῏ᶴת￼ᴥṃ֩ᾭ ᶈ⅛Ѧ ᴅ￼ᴥṃѧι Ԅ

￼ ֫Ӕּז῏҈ᴦ ￼֩ᾭ‎῭ᾺιӇῗḜҨᶶ ￼ΆẪӘ ҈ Ԅ ӎ׆￼ ֫ ἅҪṄ

Ҏ ᴅ￼ᴥṃѧ￼⅛ Ѧ ѭұṃ ᵀṖ ḧD Ԅ x ᵙ d <D ιұṃ ᵀṖ￼ ֧ y Ỉ

Ẫ 

 

Ԏѧ s ᵙ t Ҧ ₩ᵙ ι֩ᾭῗҡ ￼ι ῗ Hadamard Ѻ ἆὟӺ Ѻ

ε ᶃ 2εaζζ 

 

3.3  

ᴵ⅝ ֯Ẫ￼ Ὥῗ 

 

Ԏѧ ῗḾ ιԎḾ Ӻ ḾẔ҈ᵇ  ҈ ḻֹ

ᴵ⅝ῗѕ ẻιἅҪᴵҨῶᾦᶊ Ԏ֘ḧẪ ᵼѭ ᵀ￼ ᴵ⅝ ֯ẪṖᾛӐ

ј╧ᴣ sἆ t￼ ᴵ⅝ ֯Ẫι Ҏ֩ᾭᴵҨүỴᶶ  ἅҪṄӔḜҪἄѭ▄ẙᴒ

├Ỵιsᵙ t ￼ ṖᴵҨԏῶ⅝Ԏ Ԅᵙ ֧Ṗ῭ᶺ￼ו  

ᶈḧѲ₦ꞌ₩ᶚ￼ ῟їι Ҏ ᵀṖ￼ᴰ Ѧῶ ⸗ớῗḜҪ￼ᴵ ớ  ḫ іι ј

⅝ׁᵇҽᾘᶶ  
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ᶃ 3χұṃ ᵀṖ￼ό Ά⁮  ṫӚῗ ₇ ᶃ⁮ ⱱ  ᶈᴸ ι Ѧ Ἓᶽ￼ό  ὣᴙᾛӐṄ 4Ö4Ö1

ắ εṫӚζ֟ṇѭ 2Ö2Ö4 ắ εᴸӚζ  ᶈὣᴙᾛӐѳׁι₇ ᶃ⁮ּ҈ז ᵀṖι ѳᵅӔּז ΆẪ￼ό

₩ᶃ⁮. ( ᶃ 2(b)), 

 

 

Ỵᵖ ‾љ ₩ᶚ￼ὸᾸ ‾ῶᾦ  Ԝ₭├Ỵι ᵀṖ￼ӥᾭј s ἆ t ￼ӥᾭιᵼ

℅ Ҏ֩ᾭᴵ ῗүỴᶶ ￼Ẋћ Ҩᴦ  

 

3.4  

 
ᴵҨӔּ҇ז ֺό b ẊӔּז y ￼֩ᾭẻẪ‎ḫת֫א, 

 

ἅҪӔּזѣѦ֫ת‎ַּזᶃӵ￼ṕ ԋ ‗χ ₇ ᶃ⁮ᵙ Ṝ εᴠ ᶃ 3ζ  

₇ ᶃ⁮ό₩Ẹ ᶑ‰￼Ởᵙῗ᷈ᾭῊԏῶӪ 1ιᵋֱѭ 0  ṑḽό₩ b Ḿ҈ ṑḽ￼ׁ

ᴁ ֫ῗ 1 Ḿ҈ᵅᴁ ֫ῗ 0  Ḿ҈℅ᶴώӗ￼₩ᶚιsε.ζᵙ tε.ζ ῗ ᾯ╙￼ᴒ . 

 

3.5  

 
ṓ ᵀṖᴵҨỄẶᶽιӇḜҪ￼⃰ᵇᴪὭӔ Ҏ ҭӠὙјᴪ  ҨҐῲ₩Ẫ ἄ ᵀṖ

ᴵҨԀῸ ᵿ ιӔệᶈ Ѧ ᵀṖѧӠὙјᴪ￼ ҭᶈї Ѧѧ῭Ὰεᴠ ᶃ 4εaζζ  

￼ᾭ֩￼וғּ℅יּ ᴵ⅝ ֯ẪҠⱡ῏҈ᶴתι ֹ 

         
ӆᶊιḜ￼ ᴵҨỄḳ῏ᶊ  
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εaζᶈ Ґῲ₩Ẫѧιᶈ ѦᴪὭѧӠὙ ᵃ￼ᴅӺᶈї Ѧѧ Ӣᾡ          εbζṄᴪ ֫ ᶈ⅛ ℓѧι 

ᴁᴪ ὶấ₩ѭ Ᾱι ᴰ  

ᴁֱ ℓᴪὭ    

ᶃ 4χұṃ ᵀṖ￼ ἄΆ⁮ 

 

3.6  

 

ἅҪӔּזᴙ ᾛӐḫאᶺṑẙ‟‗χḾ҈⅛Ѧ ιḜṄᶃӵ֮֫ѭẻꜛѭ 2Ö2Öc ￼ḒΆẻι

ⱡᵅṄḜҪ Ὰᾯẻѭẻꜛѭ 1Ö1Ö4c ￼ḒΆẻ ᴙ ᾛӐṄ sÖsÖc ắ Ὥѭ s/2Ös/2Ö4c ắ

ε ᶃ 3ζιῶᾦᶊҐὭ ᾭ ￼ ᶽṇ  

ᶈ⅛ѦṑẙіιἅҪṄ֡ѦᾛӐ ᵀἄ Ѧẑ֯χἅҪ ӾẔּזѕѦԏῶҐῲ₇ ―￼ ᵀ

ṖιⱡᵅἚ ὣᴙᾛӐιῳᵅẔּזѕѦԏῶҐῲ Ṝ ￼ ᵀṖ Ὅ Ṝ ҨӔệἍệֹ￼֫

љӾׁ￼₇ת Ṝ јῗᶺӎ￼εᴠ ᶃ 3ζ Ḿ҈ῳ ⅝ӕιἅҪҝẔּזԏῶҐῲ₇ ￼ᵺѦ

ᵀṖ  

ᶈ ᵙḕӴᵸἄ Ά Ҩᴣ ￼ᴠᾭᾭ Ά ιṄ D ᵇ ҽᾘ Ἅῶ ᵀṖῗ

♩￼ ֧҈ ѦᴝᵼιἅҪ Ỉ[57] ￼ ὍιẊҨ ֱ￼ ֫ ֧ ᴁ￼ṑḽε ԇẪ

14ζ ἅҪᴵҨ ặᶊḧѲ ѦᾛӐε ᶃ 4εbζζι 

 

 

ᶈἅҪ￼ḫ ѧιἅҪḾ i <L Ӕּז ᾛӐ Ẹ fεiζῊι⅛ṖἚ і ᵀ - ᴙ  -  ᵀ

ᾛӐ￼ẑ֯ε Ẫ 14ζ ᶈ⅛ Ṗι ֫ ꞌ￼ Ӊιs ᵙ t ѧ Ṗ⸗ề￼ᾭ Ӥז Ṅᶈ

јᵃṑẙі֫ ￼Ἅῶᴪ ὶ ‎Ҩ ệῳ ￼ᴪὭ ֧ε Ẫ 16ζ  

ᵼ℅ι ₩ᶚọ Ḿᶈ ￼ṑẙεᶈᵅ ￼Ṗѧζѧ֫ ֧￼ ҎᴅӺ Ᾱקι ҎᴅӺ

ᶈ῭ ￼ṑẙεᶈ Έ￼Ṗѧζ ֫ ֧‎ Ṁ ҃ѧ Ṗ₭ [53,59] ￼ḧѲιḾẔ҈ ẹ

D ѧἍ ￼῭ṕ ι ẙ￼⸗ề  

℅ᶹιΈῼṖѧ￼ Ᾱקᵙ֫ ᴅӺԏῶᶈᾯѦ ѧ֫ Ὣ᷂֩ᾭ￼ḫ ᶴι Ỉ ӆ҈Ӕ

ѧזּ ֫ ᵸẬṀѧ Ṗ￼ᴝ[40]ת Ḝ Ῐ ֟Ṉ҃₩ᶚӔּז￼ ᵙԓḕ ιӔἅҪ ᶼ

῭ᶽ￼₩ᶚ  
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3.7  
 

ѭ҃ ℓᾡᵱ ӡᴺ￼ҽᾘιἅҪᶈ sᵙ t ѧӔּז▄ẙ⅍Ṯ [24,25]ᵙἥ ặ ᵙ[31]ק

  ặ [2,54]ק  ḅ ẹ E ѧἍ ιἅҪẬԄẊӔּ҃ז Ὰ￼ἥ ặ ᴪӌιḜᶢ҈ῳק ￼

minibatches ѧ￼ ẈᶎӪιᵼ℅ᶈӔּז Ẃṇ￼minibatches Ὴ῭ז Ӱ  

ἅҪ ḾᾯѦ ᵀṖ ֧Ӕּזἥ ặ ק  ἥ ặ ᵍᶈץ῏ᾦ‛Ễḳ￼ק ᴵ⅝ ѧιᵼ

ѭḜᶈ⅛Ѧ ẙіӼẸ ớ Ὰ ᾣ  Ѽṏῗ ι ḧӂ ￼ἥ₭ ᵙ ι Ὰ ᾣ֩ᾭ 

 

ῶ Ѧ ᴵ⅝ ֯Ẫ 

             

ẻẪ￼ἥ ặ ᴵҨק ѭ ӆ҈▄ẙẶקḙѽѧ￼᷾[44,45]ק֝‰כ  

ἅҪᴧא Ἡ ￼Ӕּזјҝӹ ῭▄Ṗ₭￼ ᵀṖι ћ ֟ ҃ ᶈ ᶢ҈₃ẙ

￼Ά│ ‍ҭ֫ṵῊ Ẃ ֹ￼ј ḧớ . 

 

4  

 

4.1  

ԇẪ 2 ѧὼ ￼ │Ῐ ҃ḅӍḙѽῂּף і￼֫ṵ ιỵԌ ￼ᾭὯԏῶῶ ￼

Ẅẙ ӕḅιᶃӵ￼ӵ Ӫ Ẃӈ҈ ᶈẔּזὸ ￼Ἧט ẑᵅ[64,62] ѭ҃֟Ṉ ￼ᾦẔףּ

ẽᵠιἅҪᾡѭ₩Ὁ logit ￼Ḹẙ ιԎѧƙᶈ Ὅ.05 ἅҪᶈ Ḿᾭӆⱡᵙ

⅛ ẙӈῊ ҃ Ὥ ἅҪ ᶈ ῼ ᶭ҃ז CIFAR-10ιCelebA ᵙ LSUN ᾭὯ ι ץ

ὐ ‾ӕ￼↨Ẉ  

ἅҪᶈᵺѦ ⱡᶃӵᾭὯ і ἅҪ￼₩ᶚχCIFAR-10 [36] ιImagenet [52] ιᶽ ₩ᶋ῟

ת εLSUNζ[70]ιCelebFaces ṞớεCelebAζ[41] ῭ԏӌᶊ ιἅҪ ї ‾ֹ 32Ö32 ᵙ

64Ö64 ⱱ ￼ Imagenet [46] Ḿ҈ LSUN ᾭὯ ιἅҪᶈ ḯιᶨ₥ᵙᾨᶣἋᶹ ָі

 LSUN￼ ẑљ[47]ѧ￼ ᵃχἅҪḾᶃӵ ї ‾ιӔῳṇ ѭ 96 ӵ ι  Ӑⱶѭ 64Ö

64 Ḿ҈ CelebAιἅҪӔּזљ[38]ѧ ᵃ￼ ẑχἅҪ ᶽזּ 148Ö148 ￼ѧ᷁ӐⱶⱡᵅṄԎ

ᾯѭ 64Ö64  

ἅҪӔּז 3.6 ѧὼ ￼ᶺṑẙ‟‗ιẊᶈ ᵀṖѧӔּז▄ẙᴒ ⅍Ṯ ιḅ[46]Ἅấ ￼

ᾯ╙ᵸ ớᵙ ὶ ѭ҃ ᾣ֩ᾭ sιἅҪӔּזᴥΎ⃰֬֩ᾭѺҨḙѽṑẙι Ẉ ֩ᾭ

t ԏῶұṃ ֧ ἅҪ￼ᶺṑẙ‟‗Ҩ ặΆẪ ᶶι ֹῳᵅ ₭ ặ￼ Ԅѭ 4Ö4Öc ắ Ḿ

҈ᶽṇѭ 32Ö32 ￼ᶃӵ￼ᾭὯ ιἅҪӔּזԏῶ 32 Ѧ ⸗ềῑṃ￼ 4 Ѧ⅍ӎᶒּ҈זԏῶ₇ ό

￼ ᵀṖ ᴱῶ 2 Ѧ׆ӎᶒּ҈ז 64Ö64 ￼ᶃӵ ἅҪӔּז 64 ￼ἥ ᶽṇ Ḿ҈ CIFAR-

10ιἅҪᴱӔּז 8 Ѧ⅍Ṯᶒι64 Ѧ⸗ềῑṃᵙҝ ֟ ₭ ἅҪӔּז ￼ ᴠᾭ ADAM [33]

ҸקιẊᶈ ᾭѭ 5*10-5 ￼ӌ ᴠᾭіӔּז L2ֱ⃰ק  

ἅҪṄӾׁ￼ Pz ѭᴿᵇᵃớᴅӈ ᾭ Ᾱ ӇῗιүӍ֫ṵ ᴵҨּ҈ז Pzιץὐᶈ ῼ

Ѽḙѽ￼֫ṵιӕḅ‎ ᵻặ₩ᶚιἆ ε ỉӢᾡ ‰ζᴪ֫ ט ᵸ  
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Dataset PixelRNN [46] Real NVP Conv DRAW [22] IAF-VAE [34] 
CIFAR-10 3.00 3.49 < 3.59 < 3.28 
Imagenet (32  32) 3.86 (3.83) 4.28 (4.26) < 4.40 (4.35) 

 

 

Imagenet (64  64) 3.63 (3.57) 3.98 (3.75) < 4.10 (4.04) 
 

 

LSUN (bedroom)  2.72 (2.70)   

LSUN (tower) 
 

2.81 (2.78) 
  

   

LSUN (church outdoor)  3.08 (2.94)   

CelebA  3.02 (2.97)   
 

1χCIFAR-10ιImagenet ιLSUN ᾭὯ ᵙ CelebA ￼⅝⸗/ Ῠ▀ ‛  CIFAR-10 ￼╜ ‛ᵙ

Imagenet ιLSUNᵙ CelebA ￼ ‛ε ‛ᶈὐᴺѧӗᴠ ζɺ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ᶃ 5χṫӚ֯ѧ￼ᾭὯ ӕ  ᶈᴸ″ѧι‎ ₩ᶚ￼‾ ᶈᾭὯ і  ℅ᶃѧῘ ￼ᾭὯ Ὗ ẑὴ֯χ

CIFAR-10ιImagenet ε32Ö32ζιImagenet ε64Ö64ζιCelebAιLSUNε ḯζ  

 

4.2  

ἅҪᶈ 1 ѧῘ ι⅛Ѧ ẙ￼⅝⸗ᾭ ⱡ≡ῶ Pixel RNN [46] ᶢ ιӇљԎҤּוἄΆ│

⅝ԏῶ ד҅  ἅҪ├ỴֹἅҪ￼ớ ᴠᾭ￼ᾭ ᶭזι῭ᶽ￼₩ᶚᴵ Һ ℓώ ớ

 Ḿ҈ CelebA ᵙ LSUNι ￼⅛ ẙӈᾭᶈᾯѦ ῼ ᶈ֟Ṉιᵼ℅ ֡ѶјҺ

ẙὉᵀ  

ἅҪᶈᶃ 5 ѧῘ ҃ҡ₩ᶚּוἄ￼‾ ιԎѧ‎ ᾭὯ ￼ ‾ӕּ҈ז⅝  ḅ[62,22]Ἅ

ιῳᶽӆⱡῗ ᶺ‾ớ￼ᴝֱ 
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ᶃ 6χҡᾭὯ ѧ￼ᵺѦ ӕּוἄ￼╙ẻ  ҡṫіΆ Ὴ ΆᵇχCelebAιImagenet ε64Ö64ζιLSUN

εᶨζιLSUNε ḯζ  

 

ᶈῶ ￼ḳ ѧ ‾ᵝ ᵼ℅ιἅҪ￼₩ᶚ ֧ῶῊ Ẃјᴵ ￼‾ ιἅҪᴵҨ⸗ָ├

Ỵֹ CelebA љᴪ֫ ט ᵸ ᴦιҡἅҪ￼₩ᶚּוἄ￼‾ јҝ ‎ԅṕ ẇ ћ ‎Ễ

▐ῠ ἅҪ￼Ӭ ῗιљ Ҏ₩ᶚ ᴦιReal NVP јӘ ҈ᶁḧẻẪ ấἄ ιḅ L2 ιḜӫ

ᵇ҈⅝ ֫ ῭ Ὢכ᷾ Ӊ ֫ љ ᵻặ₩ᶚјᵃιἅҪ￼₩ᶚ ‾ ẂῶᾦιᵼѭḜᶈ

Ԅ ẙіẊ ק ᶈ Imagenet ᵙ LSUN іιἅҪ￼₩ᶚӆѶỄḄᶊὪὨ҃ ῟/ׁ῟ᵙӿⱢ Ҋ

Ӑּז￼₦Ổιӕḅӿẙᵙᴦṃᵙ ẽ￼ ӿ◊Άᵇ  

ἅҪ ῎҃☺ᶈᴪ ￼Ẉ◌ Ѳ ỴѲ ᶈ☺ᶈ ѧιἅҪᶢ҈ᵺѦ ӕ zε1ζιz

ε2ζιzε3ζιzε4ζḧѲ҃ Ѧ╙ẻιẊ ѣѦᴠᾭƮᵙ ‎ᴠᾭק  

 

ἅҪ gεzζṄệֹ￼╙ẻἮẽᵻᾭὯ  ‛Ῐ ᶈᶃ 6 ѧ ἅҪ ḻֹ₩ᶚӆѶ

Ṱ ҃☺ᶈ ιԎỴѲ₦Ổ ֧҃ӵ ᾀӪ  ῭ᶺᴵ Ῐק ᶈ ẹѧ  ѭ҃

ℓ╜ ☺ᶈ ῗᵋԏῶ ￼ Ѳ ιἅҪᶈ CelebA і ҃ Ѧ ‍ҭ₩ᶚιẊᴧאḙѽ

ᶈ ‰ іԏῶ ￼ Ѳε ẹ Fζ  

 

5  

 

ᶈ ᾰѧιἅҪṰ ḧѲ҃ ԏῶ῏ᶴת￼ ᴵ⅝ ֯Ẫ￼ᴵ ֩ᾭι ᶼ ћ῏ᶴת

￼Ḿᾭӆⱡ ӂιὸתᵙἺ‾ ἅҪṰ ῎ι  ‾ἄ₩ᶚᶈוּ ᵙḾᾭӆⱡΆ ֹ҃

҅ớ ḕᶈ ᶺ Ể‎ ℓᾡ ᴪὭ￼ו ẻẪιӕḅ Ἓắᴒזַּ [69]ᵙ⅍Ṯ ‟‗[60]

￼ῳᾺ ṝ  

 ᾰҟ ҃ Ằᵀ ᵻặ₩ᶚιᴪ֫ ט ᵸᵙּוἄḾἰ ѳ Ṯ ￼Ἡ  љ ᵻặ₩

ᶚ ‾ιḜӹ Ḿ ῏ᶴתћ ￼Ḿᾭӆⱡ ӂ ⱡ ιḜӹ ו￼╗♄῭ ẻẪι ӆ҈

ᴪ֫ ט ᵸ￼ּוἄ₩ᶚ ӹ ҡ₩ᶚ֫ṵѧồ ћ ᶊ ‾ љ GAN ‾ιљᴪ֫ ט

ᵸјᵃιἅҪ￼Ἡ ј ӔּזᶁḧẻẪ￼ ấἄ ι ῗ⁞Ὧ῭ ָ￼⸗ềḧѲἄ ιҡ וּ

ἄ῭▐ῠ￼ᶃӵ ῳᵅιјᵃ҈ᴪᾭ 
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ט ᵸᵙ GANιἅҪ￼Ἡ  ᶼḙѽ Ѧ ѲіῶỴѲ￼☺ᶈ ιḜљ Ԅ ‾

ᴵ Ӕ │⸗ָ ᵀᴁ ḙѽүחιᵼѭἅҪṸῺᶈ῾‎￼ṪӐѧή  

Real NVP ἄ₩ᶚוּ ᴵҨҨ ᴪז εӕḅ ‰ ζѭ‍ҭ‎ֳấ ק‗ ֧ │ ῭ ￼

ῗιּ҈יἍệֹ￼ᴵ ᴪὭ ᴵҨ ѭ₩ᶒקΆẪ￼₦ꞌ֫ṵιḜ ᴵҨּ҈זᾡ ԎҤ₦ꞌ₩ᶚι

ḅ ᵻặ₩ᶚᵙᴪ֫ ט ᵸ Ḿ҈ᴪ֫ ט ᵸι ҎᴪὭῃᴵּ҈זḫא῭♄╗￼ ấἄ 

[38]ιѼᴵּ҈ז῭♄╗￼  ὸ֫תṵ[48] ₦ꞌ₩ᶚ ẂѼᴵҨᴩ ҈ ᾰѧẔּז￼ἥ ặ Ἡק

   

Ặᶽᵙᴵ ￼ᴵ ֩ᾭ￼ḧѲѼᴵҨӔּוἄῂ ḙѽҨᶹ￼ ᶟᴩ ӕḅιᶈẶקḙѽ

ѧι Ҏᴵ ֩ᾭᴵҨẁיἛṝ argmax ᾛӐ῏҈ Q ḙѽ￼֩ᾭ [23]ἆἧֹṕ ớ Ᾱ

ӆ῭ᵀ ￼ [67]  

 

6  

 

Ӑ ỵ Tensorflow ￼ẦᴧҚᵔ[1]  ἅҪỵ Sherry Moore ιDavid Andersen ᵙ Jon 

Shlens ẁיҤҪḫᾼ ₩ᶚ  ἅҪỵ Dãurqydqghq RrugιYann Dauphin ιKyle Kastner ι

Chelsea FinnιMaithra Raghu ιDavid Warde -FarleyιDaniel Jiwoong Im ᵙ Oriol Vinyals

҃ḹῶἄᾦ￼  ῳᵅιἅҪỵ Ben PooleιRafal Jozefowicz ᵙ George Dahl Ḿ ᾰ ⁮

￼Ỵ  
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