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ῳ ￼֡ ῎ι ᴒ ‎Ӯּוἄ

үחιᴵҨ ệ ẙ ￼Қӌ᷃ ᶃӵ ѭֳ҃ấѦớק

￼᷃ ₩ᶚι ҎṪӐ ḾᴅѦҚ￼ᶃӵ￼ᶽ ᾭὯ

ⱡ ιᶈ ᶺḫ ᶋ῟ѧι ҡҚ￼ Ҏᶃӵ

ᶃεּה ᴵ ῗᴅѦᶃӵζḙѽ Ѧớק￼᷃ ₩

ᶚ ᶈ ιἅҪώ֧҃ Ѧԏῶḅ℅Ṉ₭ᾭ ￼ד

Ḝᶈᶽᶚ ᾭὯ іἚ ֑ ￼Ӻḙѽιѳᵅ ᶼṄҨׁ

ј` ￼Қ￼᷃ ₩ᶚ￼Ṉ₭ἆᴅ₭ḙѽӐѭ ḳ

ἄᵸᵙֶָᵸ￼Ḿἰớוּ ԋ ￼ῗι

ᶼҨ⸗ḧ҈Қ￼ΆẪִḊוּקἄᵸᵙֶָᵸ￼ᴠᾭιᵼ

℅ṓ ᾯᾭ׳єѦᴠᾭιӇ ᴵҨҝᶢ҈Ṉ ᶃӵ

Ẋồ Ḣἄ ἅҪ ῎ι Ά│ ᶼḙѽᾺҚּה ӵּנ

￼ ẙ ᵙѦớק￼᷃ ₩ᶚ  

 

1.  
 
ᶈ ṪӐѧιἅҪ ֳấѦớק￼ ḫⱢⱭ ᷃

₩ᶚ￼үחιᴏ  

ᴵҨᵀἄᵍῶ ￼ᵀת ẑ֯ᵙ⸗ḧѦӌ￼₩Ὁ

῭ԏӌᶊ ιἅҪ ҃ ‰ ‎ᵀἄ Ѧớק￼

᷃ ᶃӵ￼ ι Ҏ‰ נּט￼ᶚ₩ט ד ὸ

ט ᵒא￼ḫ Ẕּזιץὐ Һ ᵙᶺҚ▫ἃιҨᴣ

Ҏ⸗℮ ў Ṱ ᵀἄ ￼᷃ ẑ֯ Ѫѣ ᵿ

ӾιҚ᷃ԏῶ ӿẙι֡Ӎᵙ ᶶ ớט ᶶ ớј

ҝ◊҈ấ₩ εḕᶈᶽ ấ₩Ά│ζι ‎ ֳ ᴭ ι

᷃ᴧᵙῸ ҇Ѧᶶ ᵼ ῗҚ ḾҚ ᷃ ᶹ

ấ₩ѧ￼ỉṇ εᴏἍ ￼ ᾦẔ[24]ζ￼ᾧ ớ

Ḿ₩ᶚ ￼ Ӊḳỏẙ ҃Ẹׁᶈ ᶺḫ ￼

כ☼Ḓכּ ѧ ḫỵᴊ Ẫק ￼῞ ḕᶈ  

    ѭ҃ԀῸ ҎὠἇιṰ ῶ֡ ṪӐ ώ֧ι‎ ἠΎ

ᴅѦἆᶺѦ ỗṿ‎ᵀἄԋ ᷃ ẑ֯ Ԑ￼ᴪẻ │

[5,28]ᵙӔּז ᵸḙѽεץὐ▄ẙḙѽζ[11,29,40]ᵀἄ￼

ᴪẻᶋ῟ ᴵҨּ҈ז ‾￼ ￼ ⱡᶢ҈ Ύ￼ ᴵҨ

ҡ Ѧᴅ ￼ᶃӵֳấ᷃ ẑ֯ι ט ι᷃ ᾿

ᵙᴞ ὢ 
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ӇҤҪᶴ֧ת≡ῶ῎Ῐ￼ҚṪֺᵝ︠ ￼ ῗῶד ￼  

Ӕּז ḾӚ ￼▄ẙᴒ εConvNets ζ ὶ

εῂ Ύζᵀἄ ṿιѭԏῶ ḫỵ￼ Қᵀἄώӗ҃

Ὰ￼ṸῺ ῳ ι Ҏ Ṱ ῎҃ Ҏ Ẃאḫ￼ ‛

[16,20,37] ⱡ ιѭ҃ἄוι ҎΆ│ọ ᶽᶚ ι

ԎѧּוἄᵸᵙֶָᵸḾ҈⅛Ѧ᷃ ₩ᶚԏῶᾭײєѦᴠ

ᾭ ᵼ℅ι Ҏ ֡֫ ￼ [20,37]ἆᶽᶚⱢ

ⱭᾭὯ [16]ҨᴣᾭṇῊ￼ GPU ἑ ֳấᾺ￼Ѧớק

᷃ ₩ᶚ ⱡ ᾦ‛Ӊ҈Ӕּז Ẃᶶ ￼ⱶתᵙӿ

ḙấ₩‗ấⱢⱭ ￼᷃ ₩ᶚ￼ [1]ιӇḾ҈ᶽᶺ

ᾭḫ ￼ ᵒאᶋ῟‎ ιḜҠⱡῗ⸗ָ ￼ιἅҪṸ

ῺּזἋ ᶼֳấҤҪ￼Ѧớ᷃ק ₩ᶚṓᴵ Ṉ￼ ד  

ᶈ ṪӐѧιἅҪώ֧҃ Ѧ ιּ҈זҡṈ ⱢⱭ

εἍ ￼ few -shot ḙѽζᵙῶ ￼ Ὴ ֳấ᷃

₩ᶚ ҆ḫіιἅҪ￼ ᴵҨᶢ҈ᴅắⱢⱭεone -shot

ḙѽζּוἄᵀת￼ ‛ι ᶺⱢⱭᴵҨώ῭ז▌ Ѧớק￼

Ӡ ẙ ӆ҈[16,20,37]ιּיἅҪ￼₩ᶚֳấ￼᷃

ῗ▄ẙ￼ᴒ ιḜ ֯ᴒ ᾛӐ јῗ Ύ ὶ

ᵀἄ ṿ ᵼ℅ιἅҪ ֳấ￼᷃ ᴵҨᶴתᴿ

ᴿ‾￼ ιמ Ҏ מ ҃ᶢ҈ Ύ￼ ￼ ד  

Ḿљјᵃ ḾẔ￼ᶽᶚ᷃ Ḿ ẍ

┌￼ εӺḙѽζ‎ ệṈ‾ ḙѽ ד ᶈӺḙѽ

ѧιἅҪ￼ ₩Ὁ҃Ṉ‾ ￼ḙѽүחιẊḙѽ҃ԏῶ

ỴѲ￼ ḧ‰ Ὥἄ ￼ҚⱶקⱢⱭι ҄ Ѧ

Қ ᷿ṇ￼ ᶃӵ ᶈ ѳᵅι ҎᾺҚ￼ⱢⱭ Ӻḙ

ѽ Ӿ ҃ ḳ ἄᵸᵙֶָᵸιҡוּ ẻἄ҃Ὰ￼Ḿἰ

ớḙѽ Ὰ￼Ḿἰớ Һ ᵀֹ ֡Ѧ ℓ ᵅ

ἄוּ ᵙѦớקᶃӵ￼ꜛỗ  

ᶈḫ ѧιἅҪ ḧ ╜ ᵙּזἋ ώӗּ҃יἅҪ

￼ љῲҦ ᷃ ₩ᶚ[16,40]ֳấ￼᷃ ᶃ

Ɑ￼⅝ ιԎѧἅҪ￼Ά│ּוἄ ᶼ￼אḫѮѲᵙѦớקӠ

ẙ￼ᶃӵ‎₱ ᴠљ ἅҪ◗ ҃ἅҪ￼᷃

₩ᶚ￼֡ זּ ιץὐӔּזҡᵃ Қ￼ ẑ֯ѧώᴨ￼‰

￼ ᵀἄιҨᴣ´ӱᾛӐεᶢ҈јᵃҚ￼ ‰

￼•Қ￼ ᵀἄζ  

2.  
 

ᶽ ￼Ӑᵝ Қ҈ד ᶹ ￼ ₩ᶚ[6]ιӔּז ԐἩ

  ệ҃ ẂḄ￼ ‛[35]ιῳ ᴡּז▄ẙḙѽ[22,25]εᴱ

֯ѯṈ ṪӐζ ⱡ ấ₩ῗ ᷃ ấ₩￼ ẙ ԋ

￼үחιӇῗ ѣѦүחẊј ᵃιᵼѭᵅ ╧ᴣḾ

֫ ấ₩ιӕḅ᷃ᴧι ιᴭ Ҩᴣ /і

Ҏ ҭј ấ₩Ά│￼ Ҏỉṇ￼Ἓṝ‎

ᶴתιᵼѭḜҪјᶿ ᵀ҈ ֝ιẊћ Ẃԏῶ⅝ ӈ

῭ ￼ᴵᴪớᵙ῭ ￼ᶶ ớ ᴝֱіι ấ₩[35]ἆᵷ

ᵦấ₩[31]￼ ‛ᴵҨὔὶἄאῶ￼᷃ ⱡ ι

јӹ ḢԅίֺἍệ ѧ￼᷃ ᾿ ιᵼ℅јҺғּו

Ḣԅἄⱦ￼᷃  

ἅҪ ￼ Ө ҃ῳ ᶃӵּוἄấ₩￼ ṝ ᵼ℅ι

ἅҪ￼‟‗ӔּזḾἰớ [12]ι῭ԏӌᶊ ιῗ‍ҭֶָ

ᵸ ᵅ￼ộỳ[23]ιץὐἮẽֶָᵸ[32] ἅҪ￼Ӻḙѽ

ⅎӔּז Ẕḫӕ ι[14]ֺ ק ῎ᶈᶽ ₩‍ҭ

[2,34]זѧỄῶּחἄүוּ  

љ₩ᶚῂԋ￼Ӻḙѽ εMAML ζ[10]ӔּזӺḙѽ‎

ệᶃӵ֫ ᵸ￼ִḊꜛỗιᶈ≡ῶ ‾ ￼ừ֙їιḜᴵ

Ҩồ ᾠᾩֹ ј ￼ ￼ᶃӵ֫ ἅҪ￼Ά│ѼӔּ҃ז

ỳ│ιṓ ἅҪ￼ḫאΆẪῶỄᶽјᵃ ῶ֡ Ṫ

Ӑ ℓώ֧ṄḾἰ љӺḙѽ ᵀ ᵼ℅ιᾭὯᶭẶ

GAN [3]ιMeta -GAN [43]ιḾἰớӺḙѽ[41]Ӕּז Ḿ

Ӛ ￼ ‎ѭӺḙѽ ⅎ῾ ￼ ἄԎҤוּ ӕ ⱡ

ҎΆ│њ├҈ώ Ṉ‾ ֫ ớ ιӇἅҪ￼Ά│Ӕּז

ӆ￼Ḿἰớ ‰‎ᶴתᶃӵּוἄ₩ᶚ￼ Ở ѳιἅ

ҪṄḾἰớỉ ԄӺḙѽ⁭‟ ᶈἅҪ Ӻḙѽ ⅎ

ệּוἄᵸ￼ִḊꜛỗᵙֶָᵸ ѳᵅẔּׁז  

ῳᵅιљἅҪ￼ ԋ￼ῗῳ ԋ҈ᾰ ֹ ἄ￼ѣוּ

ᾰ [4,18] ḜҪ￼ εּוἄ₩ᶚ￼Ṉ‾ ḙѽζᵙ

Ҏ ҭε꜠ ￼ṧԄẪ ιּוἄᵸỉ ζѼᶈἅҪ￼⁮ӕ

ѧӔּז ἅҪ￼ṪӐᶈẔּז ᶟιḾἰớḙѽ￼ӔּזιḾӺ

ḙѽ ￼ԏӌ ẔҨᴣҷᶺḫᾼ Ά ḕᶈṮầ  
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ᶃ 2χἅҪ￼Ӻḙѽ‟‗╧ᴣṄ᷃ ᶃӵεṾӂ ￼ ‰ ζῑṃֹṧԄᵇ ￼ṧԄẪ ιṧԄᵇ ᵍљץ ῂԋ￼ӡỤמ ἄᵸוּ 

ᴒ Ṗ Ṅ Ԅ ‰ ῑṃֹ ֧ṿѧιᴒ Ṗ Ẕḫӕặ ṧԄᵇיּק ֺ  ᶈӺḙѽῼ ιἅҪ ṧԄᵸҽ ‎

ᵃ ￼ṿ ιṄệֹ￼ṧԄẈᶎẊӔּזḜҪ‎ ￼ἄᵸוּ╜ Ẕᴠᾭ  ⱡᵅιἅҪ ἄᵸҽוּ јᵃṿ￼‰ ιṄệֹ￼ᶃӵљḢ

ԅ ḫᶃӵ ⅝  ἅҪ￼ ‰֩ᾭץὐỵ ᵙḾἰớὫ᷂ιᵅ ‍ҭἮẽֶָᵸḫא  

 

3.  
 

3.1.  
 

ἅҪ￼Ά│￼Ӻḙѽ ⅎӬḧ M ẑ֯￼ᴵּזớιץ

ᵍјᵃҚ￼᷃  ἅҪּז i Ѧ ẑ֯ιּז

t ṿ  ᶈḙѽ ѧҨᴣᶈ╜ Ὴ ῼ ιἅ

ҪӬ Ἅῶṿ￼ ‰ ӈ ￼ᴵּזớεἅҪӔּאזἄ￼

Ḿ Ҧ [7]‎ ệḜҪζ  Ӕּז ḧѲ￼ Ṅ‰

ӿ קѭѕ ᶃӵιҨṄ•Ҏ‰ љ ⅎ ὶ  ἅҪ

זּ ѭ ￼ ‛‰ ᶃӵ  

ᶈἅҪΆ│￼Ӻḙѽ ⅎι ҃ҨїѕѦ εᶃ 2ζχ 
 

ɗ ṧԄᵸ זּ ṿ ι ԋ ￼‰

ᶃӵ ẊṄ Ҏ Ԅῑṃἄ N ᵇ  ι

Ʈ ᶈӺḙѽ ⅎѧḙѽ￼ ᴠᾭ  ẂιᶈӺḙѽ

ῼ ιἅҪῈᶈḙѽƮӔệᵇ ᵍḾ҈ץ јᴪẊמ

ћᶈ⸗ḧṿ sѧ₩ұ￼ ⸗ḧӡỤε ḅҚ￼ Ұζ  

ἅҪṄּיṧԄᵸ ￼ṧԄᵇ ѭ  

 

ɗ ּוἄᵸ ᴨṧԄᵸ῾ ֹ￼ ṿ￼‰

ᶃӵ ι ╜ ṧԄ Ẋ ֧ᵀἄᶽṇ￼ ṿ

ԎקἄᵸҨῳᶽוּ  ֧ᵙḢԅ ḫṿѳ ￼

ӆớ ἄᵸ￼Ἅῶᴠᾭ֫ѭѣוּ  χҚⱶ ᴠᾭưᴝזּ

Қⱶ⸗ḧᴠᾭ  ᶈӺḙѽῼ ιҝ ư ὶ ι

Ӕּזᴵ Ἦẽ ҡṧԄᵇ ‎

╜  

ɗ ֶָᵸ זּ ṿ ι

ԋ￼‰ ᶃӵ ᵙ ẑ֯ i ￼ Ậ  ιƠιWι 

ᵙ b љֶָᵸ ԋ￼ᴵḙѽᴠᾭ  ֶָᵸץᵍ

ConvNet ֫ ιԎṄ Ԅṿᵙ‰ ᶃӵ

ῑṃѭ N ᵇ  ֶָᵸ ╜ᴅѦ‰ ε ḫớệ֫ζrι

Ԏ Ԅṿ ῗᵋῗ i Ѧ ẑ֯￼ ḫṿҨᴣ

Ḝῗᵋљ Ԅ מ ש ιᶢ҈Ԏ ConvNet ֫￼

֧ᵙᴠᾭWι ιb 
 

3.2.  
 

ᶈἅҪΆ│￼Ӻḙѽ ⅎιἍῶѕѦ ￼ᴠᾭ ҨḾ

ἰ￼ΆẪ  
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    ᵼ℅ιᶈἅҪ￼ ѧḕᶈѣ ṧԄχּיṧԄᵸ

￼ ṧԄιҨᴣљ֫ ᵸѧ￼ W ￼֯ḾẔ￼ ṧ

Ԅ ε3ζѧ￼ש Ự ᵙ ѳ ￼

L1 ‎ώ״ѣ ᶚ￼ṧԄ￼ ӆớ  

    ẸἅҪ῭ᾺṧԄᵸ￼ᴠᾭᵙּוἄᵸ￼ᴠᾭῊιἅҪѼҺ῭

ᾺᴠᾭƠιWι ιֶָᵸ￼ b  ῭ᾺּיҨї Ὣ᷂￼

ῳṇק ιט ӞӔ ḫᶃӵ і￼ ḫớệ֫￼ᶭז

ᴣ ֫ᾭᶈᵀἄᶃӵ і￼֟Ṉχ 

    ⱡᵅιᶢ҈ӂ ￼ṧԄ ι tṿ￼ ấ χ 

 

ⱡᵅҸקṧԄᵸᵙּוἄᵸ￼ᴠᾭҨῳṇץקὐԓḳ ι

Ḿἰ ᵙṧԄש ￼Ҩї ‰χ 

 

ᶈε3ζѧιԓḳѢ᷂ Ӕּזỵ ӆớẙ [19]╜

Ḣԅ ḫᶃӵ љ ấ ѳ ￼ ιљ VGG19 

[30 ] ḾẔ ҈זּ  ILSVRC֫ ᵙ VGGFace

 [27] ҈זּ  Ὣ᷂ Ẫѭ Ҏ ￼⸗

ềѳ ￼ L1Ὣ᷂￼ז ᵙ  

ε3ζѧ￼Ḿἰ ḾẔ҈ ῳᶽק￼ֶָᵸ ￼ ḫ

ớệ֫ιҨᴣӔֶָּזᵸ ￼⸗ềש [38]ιԎᶢ і

ῗỵ ӆớẙ εḜῶ҈י ￼ ḧớζχ 

 

    ⁞ὯἮẽֶָᵸ￼ỳ│[32]ι W ᵍḾẔ҈ᴿץ֯￼

Ѧ ￼ṧԄ  ֶָᵸ ӾṄԎ Ԅῑṃֹ N ᵇ

ιⱡᵅ ḫẙệ֫ѭχ 

 

    Ԏѧ W ￼ i֯ ᵃῊι ᵙ b јӘ

҈ Ậιᵼ℅ Ҏ ḾẔ҈ ￼  ḫớᴣԎљא

ԏῶ ỴѲ￼‰ ᶃӵ  

  
ᵼ℅ι ‰ε6ζ⅝ Ӭḫӕ ᵙḫӕ ￼ ḫớι

ⱡᵅ῭ᾺֶָᵸᴠᾭҨṄ Ҏ֫ᾭָ֫ὸֹ 1 Ҩіᵙ-1 Ҩ

ї  ῭ᾡṧԄᵸᵙּוἄᵸ￼῭Ὰ‎ ιῳᶽ

ẙᶊ Ӊ ι ᵙ ￼Ὣ᷂ιӔֶָּזᵸ￼῭Ὰ

‎ῳṇק ￼Ὣ᷂  
  
3.3.  
 

ῆӺḙѽ ᵀιἅҪ￼ ṏᴵҨḙѽᶈӺḙѽ ⅎ

ј` ￼ᾺҚ￼᷃ ẑ֯  ᵙҨׁ ‾ιᵀἄῗҨ‰

ᶃӵѭ‍ҭ￼  ῗҨṈ‾ ΆẪḙѽ￼ιӬ T

ᶃӵ εӕḅι ᵃ ￼ TṿζẊ

ћ ֧ ῗ Ẕ￼‰ ᶃӵ  ├Ỵιṿ

ᾭ Tјọ ҈Ӻḙѽ ⅎѧӔּז￼ K. 

ẸⱡιἅҪᴵҨӔּזӺḙѽ￼ṧԄᵸ‎ѭᾺ￼᷃

ẑ֯ ṧԄχ 

 

ᶈӺḙѽזּ ⅎӂ ￼ᴠᾭƮ  ⱡᵅιּוἄљᾺ‰ ᶃӵ

ḾẔ￼Ὰṿ￼ ᴅΆ│ῗӔּזӂ ṧԄ ᵙӺᴪ

ᴠᾭưҨᴣἮẽק P ‎Ẕּוּזἄᵸ ‾ӮιἅҪ

ᴧוּאἄ￼ᶃӵ ӆᵀתћ ιӇῗιḾ҈ᶽᶺᾭῈᶈḫ

א Ѧớק ẙ￼Ẕּז ι Ẃḕᶈ Ẹᶽ￼јᴵ ָ

Ұ￼  

Ұ ָ ẂᴵҨ ỉ ⅎẰᵀ  ỉ

ᴵ ѭӺḙѽ￼ ⱱ ιԏῶᴅѦק ẑ֯ᵙ 
 

 
4 

 Ḝ ₩Ὁ K-shot ḙѽ￼ᶋ῟‎ḢἄεᶈἅҪ￼ḫ ѧ

K = 8ζ  ᶈ⅛ ἥ₭ѧιἅҪ  ᶊ ֺ҃ ẑ֯ i

ᵙ ẑ֯ѧ￼ᴅṿ t  ҃ t ѳᶹιἅҪ   ֺ҃ ￼ז

K ṿ ‎ ᵃ ẑ֯  ⱡᵅιἅҪ ᴅᶊ

Ẉᶎѭ Ҏ ṿז ╜￼ṧԄ ‎ i Ѧ ṧԄ￼

ӂ χ 
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