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˻ ;͔ͣ ͻ͔ͦͭͦͫ͡Έ ͋· ͪ͊ͫͫ͊͊ͭ͘͟Έ

Å˥ ͙͔ͯ͋ͦ͟͡ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭ ͍͔ͫͦͪ΄͙͙͡ 
͔͍ͪͦ͡Όͼ͙Ό ͍ ͙ͦ͋͊ͫͭ͡ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͔͙ͪͤ͘Ύ ͙ 
͙͊ͤ͊͊͘͡ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ

Å̅ ͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ 
ͫͦͪͦ͟ ͔͋ͯ͒ͭ ͫͦ͒͊ͤ͘ ͍ ͻ͔ͦ͒ ͍͚ͭͦͪͦ ͍ͦͤ͡· 
ζ͔͍ͪͦ͡Όͼ͙͙ ˮˮηΣ ͦͭͦͪ͊͟Ύ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͨͪΎͣͦ ͔͚ͫ;͊ͫ

Å˥ ͯ͋ͦ͊͟͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙Ύ ͔ͯ͗ ͍ ͙͚͋͗͊͡΄͙͔ ͎ͦ͒· 
͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͭ Ήͭͯ ͔͍ͪͦ͡Όͼ͙Ό ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͤ͊ ͍͔ͫ 
͙ͦ͋͊ͫͭ͡ ͔ͭͻ͙͙ͤ͟Σ ͔ͭͻ͎͙͙ͤͦͦ͡Σ Ή͙͙ͦͤͦͣ͟͟Χ

Å˻ ͭͪ͟·ͭ·͔ ͔ͨͪͦ͋ͣ͡· - ͎ͯͪͦ͘·, ͍ ·͍ͦ͘·, ͤ ͔͊͒͗͒· 
όͤ͊ ͫ͊ͣ·ͻ ͍͔͙ͫ͗ͻ ͙͔ͨͪͣͪ͊ͻ ͙͘ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ 
͔͙ͪͤ͘Ύ ͨͦ ͔͙ͣ͊ͭͪ͊͊ͣ͡ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ ICCV-2019)



̉ͭͦ ͋ͦ͡Έ΄͔ ͍͔͎ͫͦ ͔ͣ΄͔͊ͭ ͍͔͔͙ͤ͒ͪͤΌ ˮˮΚ

˸͙ͺ· -͙ͨͯͭ͊ͤͼ͊ ͍ ͨͦͤΎ͙ͭΎͻ ͙ 
͔ͤ͒ͦͫͭ͊ͭͦ;ͤ͊Ύ ͙ͤͺ͙͍ͦͪͣͪͦ͊ͤͤͦͫͭΈΥ
Åͤ͊ͫͭͦΎ΅͙͚ ˮˮ ͔ͤ͡Έ͘Ύ ͫͦ͒͊ͭ͘ΈΧ
Åˮˮ ͔ͯ͗ ͫͦ͒͊ͤ͘ ͙ ͔ͪ΄͙͡ ͍͔ͫ ͊͒͊͘;͙Χ
Åͪͦ͋ͦͭ· ͤ͊ͫ ͨͦͪ͊͋ͦͭΎͭΧ
Å˥˹˿ Ήͭͦ ͭͦ͡Έͦ͟ ͨͪͦ ͙͙͊ͪͭͤ͟͟Χ 
Å˥˹˿ ͫͦ͗ͤ͡· ͙ ͔͔ͤͤ͊͒͗ͤ·Χ
Å˥˹˿ ςζ;͔ͪͤ·͚ Ύ΅͙͟ηΣ ͍ ͦͭͦͪͦͣ͟ 
͔ͤͨͦͤΎͭͤͦ ;ͭͦ ͙ͨͪͦͫͻ͙ͦ͒ͭΧ 

˻͊͘͟·͍͔͊ͭͫΎΣ

͙ͣͺ·Η

͔́ͻ͎͙͙ͤͦͦ͡Σ ͦͭͦͪͯ͟Ό ͔ͤ ͙͔ͨͦͤͣ͊΄ΈΣ ͔͍ͤͦͣͦ͗ͤͦ͘ ͍͔͒ͦͪΎͭΈΗ

1 ͣ ͔ͫͭͦ - Demystifying the technology

˽ͦΉͭͦͣͯ Ύ ͨͦͫͭ͊ͪ͊ΌͫΈ 
͙ͣ͊ͫͣ͊͟͡Έͤͦ ͨͪͦͫͭͦΣ 
ͤͦ ͭͦ;ͤͦ ͦ͋ΆΎ͙ͫͤͭΈΣ 
͊͟͟ ͦ͋ͫͭͦΎͭ ͔͒͊͡Σ ͙ ͊͟͟ 
͍͔ͫ Ήͭͦ ͔ͪ͊͋ͦͭ͊ͭΧ 

˹͔͍͒͊ͤͦ 
͋·͡ 
͍͔͔ͨͪͦ͒ͤ 
ͦͨͪͦͫ ͔͙ͫͪ͒ 
͙͚ͦͣͨ͊ͤ͟Σ 
ͨͪͦ͒͊Ό΅͙ͻ 
˽˻ ͤ͊ 
͍͔ͦͫͤͦ ˮˮ



̉ͭͦ ͔΅͔ ͔ͣ΄͔͊ͭ ͍͔͔͙ͤ͒ͪͤΌ ˮˮΚ

˽͙ͪͤΎͭͦ ͫ;͙ͭ͊ͭΈΣ ;ͭͦ ͍͔ͫ ͔͒ͦ͡ ͍ ͍͊͘·΄͔ͤͤ·ͻ ͙͙ͦ͗͒͊ͤΎͻΧ

ζ˭͙ͣ͊ ˮˮη

Χ͔ͭͣ ͔͔͋ͦ͡Σ ;ͭͦ ˮˮ ͣ· ͙͔ͦ͗͒͊ͣ ͔ͯ͗ ͦ;͔ͤΈ ͍͒͊ͤͦΧ

ζ˴͙͍ͪ͊Ύ ͻ͚͊ͨ͊η ͒͡Ύ ˮˮ

http://images.amazon.com/images/P/B00005ASUM.01._SCLZZZZZZZ_.jpg
http://images.amazon.com/images/P/B00005ASUM.01._SCLZZZZZZZ_.jpg


̉ͭͦ ͔΅͔ ͔ͣ΄͔͊ͭ ͍͔͔͙ͤ͒ͪͤΌ ˮˮΚ

˽͙ͪͤΎͭͦ ͫ;͙ͭ͊ͭΈΣ ;ͭͦ ͍͔ͫ ͔͒ͦ͡ ͍ ͍͊͘·΄͔ͤͤ·ͻ ͙͙ͦ͗͒͊ͤΎͻΧ

Χͤͦ ͍ ͫͯ͡;͔͊ ˮˮ-нлнл Ήͭͦ ;͙ͫͭͦ ͔ͭͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͙͙ͫͭͦͪΎΗ

ζ˭͙ͣ͊ ˮˮη

˹͍ͦ͊Ύ ͔ͭͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͔͍ͪͦ͡Όͼ͙Ύ

˽ͦΎ͍͔͙͔ͤ͡ ͎͙ͯ͋ͦ͟͡ͻ ͔͚ͤͪͦͤͤ·ͻ ͔͔͚ͫͭ

̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ˮˮ

2011

2020

˹͊ͫͭͦΎ΅͊Ύ ζ˴͙͍ͪ͊Ύ ͻ͚͊ͨ͊η ͒͡Ύ ˮˮ

̒ ͨͦͫͭ͊ͪ͊ΌͫΈ ͦ͋ Ή͚ͭͦ 
͔͍ͪͦ͡Όͼ͙͙ ͪ͊ͫͫ͊͊ͭ͘͟Έ

http://images.amazon.com/images/P/B00005ASUM.01._SCLZZZZZZZ_.jpg
http://images.amazon.com/images/P/B00005ASUM.01._SCLZZZZZZZ_.jpg


˥͙͔ͯ͋ͦ͟͡ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭ
ό͔͍ͨͪ͊Ύ ͍ͦͤ͊͡ ͍͔͔͚ͫͦͪͣͤͤͦ 

͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͍ͪͦ͡Όͼ͙͙ ˮˮύ



ȎȶȾȬȹȵȳȰ ȵȹȸȭȹȶɉɁȳȹȸȸɆȰȸȰȴȻȹȸȸɆȰ ȼȰȽȳ ð

ȸȹȭȹȰ ȺȹȵȹȶȰȸȳȰ ȫȶȮȹȻȳȽȷȹȭ ȹȬȸȫȻȾȱȰȸȳɊ ȳ 

ȻȫȼȺȹȲȸȫȭȫȸȳɊ ȹȬɅȰȵȽȹȭ ȸȫ ȳȲȹȬȻȫȱȰȸȳɊɀ

2011: First Superhuman Visual Pattern Recognition

http://people.idsia.ch/~juergen/deeplearning.html

ȎȶȾȬȹȵȹȰ ȹȬȾɂȰȸȳȰ ɈȽȹ ȺȰȻȭȫɊ ȽȰɀȸȹȶȹȮȳɊ ȽȰɀȸȳɂȰȼȵȹȮȹ ȲȻȰȸȳɊ, 

ȹȬȰȼȺȰɂȳȭȫɉɄȫɊ ȻȰȲȾȶɇȽȫȽɆ ȭȳȲȾȫȶɇȸȹȮȹ ȻȫȼȺȹȲȸȫȭȫȸȳɊ ȹȬȻȫȲȹȭ, 

ȼȻȫȭȸȳȷɆȰ ȼ ȻȰȲȾȶɇȽȫȽȫȷȳ  ɂȰȶȹȭȰȵȫ ȳȶȳ ȯȫȱȰ ȺȻȰȭȹȼɀȹȯɊɄȳȰ ȳɀ



Ҍ ˮ͔ͪ͊ͪͻ͙;͔͔ͫͦ͟ 
ͦ͋ͯ;͔͙͔ͤ
ͫ ͍ͨͦ·΄͔͙͔ͤͣ 
͊͋ͫͭͪ͊͟ͼ͙͙ ͒͊ͤͤ·ͻ 
ͦͭ ͍ͯͪͦͤΎ ͟ ͍ͯͪͦͤΌ

ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ

ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ

ɺʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʆʙʲʝʤ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ

ʌʩʧʛʞʦʵ 1

ʌʩʧʛʞʦʵ 2

ʌʩʧʛʦʵ3

ʋʡʨʧʛʙʸ ʪʫʩʬʣʫʬʩʙ ʜʤʬʚʧʣʧʢ ʣʧʦʛʧʤʷʯʡʧʦʦʧʢʪʞʫʡ

2011:ˢ͍͙ͭͦͣ͊ͭ;͔͔ͫͦ͟ ͔͙͔ͦ͋ͤ͊ͪͯ͗ͤ ͙ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ ͦ͋Ά͔͍ͭͦ͟ ͤ͊ 
͔͋͊͘ ͎͙ͯ͋ͦ͟͡ͻ ͔͚ͤͪͦͤͤ·ͻ ͔͔͚ͫͭ (˥˹˿ύ

Ҍ ˿ нлмм ͎Φ -͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ 
͍ͦ͋ͪ͊ͦ͘ ͤ͊ ͍͔ͯͪͦͤ ;͔͍͔ͦ͊͟͡ 
͙͙͡ ͍·΄͔ (superhuman)

Ҍ ́·ͫΎ;͙ ͔͍ͫͦ͡ ͔͚͍ͤͪͦͤͦ
Ҍ ̂;͔ͭ ͔ͫͨͼ͙ͺ͙͙͟ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ ͊͟͟ ͦ͋Ά͔ͭ͊͟ 
͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ όͦ͊͟͡͡ΈͤͦͫͭΈΣ ͙͍͙ͤ͊ͪ͊ͤͭͤͦͫͭΈ ͟ 
͍͙͎ͫ͒ͯΣ ͔ͤ;͔ͭ͊͟Ύ ͙ͦ͊͊͘͟͡͡ͼ͙Ύύ

˽͍ͦͫͭ͊ͤͦ͊͟ 
͊͒͊͘;͙

͍ͪ͊ͫͨͦͤ͊͊ͤ͘
͙Ύ ͦ͋Ά͔͍ͭͦ͟ 
͎͊͒͊ͤͤͦͦ͘ 
͙ͭͨ͊

͙͍̅ͦͪͣͪͦ͊-
͙͔ͤ

ζ͔ͦͣͨͭ͊͟͟͡ 
ͦ͋ͯ;͔͙ͤΎη 
ͤ͊ ͍͔ͦͫͤͦ 
͔ͪ͊͡Έͤ·ͻ ͙ 
͔ͣͦ͒͡Έͤ·ͻ 
͒͊ͤͤ·ͻ

˻͋ͯ;͔͙͔ͤ 
͎͙͍͊ͦͪͭͣͦ͡ 
͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ
͙ ͎͚ͯ͋ͦͦ͟͡ 
͔͚͚ͤͪͦͤͤͦ 
͔͙ͫͭ

˽͍ͦͫͭ͊ͤͦ͊͟ 
͊͒͊͘;͙

͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ 
͙

˾͍͊ͫͨͦͤ͊͊͘-
͙ͤΎͦ͋ Ά͔͍ͭͦ͟ 
͎͊͒͊ͤͤͦͦ͘ 
͙ͭͨ͊

Ҍ ˻͋ͯ;͔͙͔ͤͤ͊ ͍͔ͫͪͻ͋ͦ͡Έ΄͙ͻ 
ͦ͋Ά͔ͣ͊ͻ ͒͊ͤͤ·ͻ

- ˹ͯ͗ͤ· ͎ͦͪͦͣͤ·͔ ͦ͋ͯ;͊Ό΅͙͔ ͍·͙͋ͦͪ͟
-˨͙͔ͭ͡͡Έ͔ͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͙ ͦ͋ͯ;͔͙͔ͤ

- ˾͔͔ͫͯͪͫͦͣͦͫͭ͟ΈΣ ͙ͤ͊͘͟Ύ ͫͦͪͦͫͭ͟Έ
-˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͋·͔ͫͭͪͦ ͔͔͙͔ͨͪ͒ͦ͋ͤ͊ͪͯ͗ͤ

-˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ Ήͺͺ͔͙͍ͭͤ͟·ͻ 
͎͙͙͊ͦͪͭͣ͡;͔͙ͫ͟ͻ ͔͙ͪ͊͊͘͡ͼ͙͚
͙ ͍͎ͤͦͦͦ ͔͙ͨͦͦͤ͟͡Ύ ͍͋ͦͪͭͦ·ͻ 
͔͚ͤͪͦͨͪͦͼ͔͍ͫͫͦͪͦ

˨͙͍͙ͦͫͭͦͤͫͭ͊ ͨͪ ͔ͦ͋ͣ͡·



2015-16:˥˹˿ ͔ͪ΄͊Όͭ ͍͔ͫ ͊͒͊͘;͙ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͔͙ͪͤ͘Ύ  

͙̅͡Έͭͪ͊ͼ͙Ύ ΄͍ͯͣͦ

͔͙͔̂͒͊ͤ͡ ͫͣ͊͊͘

˿͔͔ͯͨͪͪ͊ͪ͘΄͔͙͔ͤ

˻͔͙͔͋ͤ͊ͪͯ͗ͤ ͦͫͦ͋·ͻ ͭͦ;͔͟ ͤ͊ ͙͡ͼ͊ͻ

͙̅ͪͦͤͭ͊͊͘͡ͼ͙Ύ͙͡ͼ ͔͋͘ оD͔͔͚ͣͦ͒͡



͍͔̇ͭͦͣ ͯ͊͊ͤ͘͟· ͊ͫͫ͟͡· ͦ͋Ά͔͍ͭͦ͟Υ ͔͗ͭ͡·͚ ς͋ ͔͔ͪͦͤͭͻ͙ͤ͊͟Σ ͪ͊ͫͤ͟·͚ ς
͔ͫ͊ͣͦͭ͡·Σ ͎͚ͦͯ͋ͦ͡ ς͎ ͍͙͙ͪͯͦ͘͟Σ ͙͙͚ͫͤ ς͊ ͍ͭͦͣ͊΄͙ͤ·Σ ͔͔ͤ͘͡·͚ -͡Ό͙͒

˻͔͙͔͋ͤ͊ͪͯ͗ͤ ͙ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ ͦ͋Ά͔͍ͭͦ͟
͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤ ό˥ͦͫ˹ˮˮˢ˿, 2016)



ˢ͍͙ͭͦͣ͊ͭ;͔͔ͫͦ͟  ͔͙͔ͦ͋ͤ͊ͪͯ͗ͤ ͦ͋Ά͔͍ͭͦ͟
ͤ͊ ͊Ή͙ͪͦͫͤͣ͊͟ͻ(˥ͦͫ˹ˮˮˢ˿-2016)



˾͍͙͔͊ͫͨͦͤ͊͊ͤ͘ ͙͡ͼ ͍ ͫͦ͗ͤ͡·ͻ ͍͙ͯͫͦ͡Ύͻ ό˥ͦͫ˹ˮˮˢ˿-2015)

ȶɋɞɋɓɎɋ ɕɔɇɋɊɎɑɔ Ɉ ɐɔɓɐəɖɗɋ ȺȵȮ-2015 ɓɆ ɑəɝɞəɤ 
ɘɋɛɓɔɑɔɉɎɤ ɖɆɗɕɔɍɓɆɈɆɓɎɥ ɑɎɜ Ɉ ȶɔɗɗɎɎ

ȰɆɝɋɗɘɈɔ, ɗɖɆɈɓɎɒɔɋ ɗ ɖɋɍəɑɢɘɆɘɆɒɎ ɝɋɑɔɈɋɐɆ-ɔɕɋɖɆɘɔɖɆ

ȵɖɎɒɋɓɋɓɎɋ ɒɋɘɔɊɔɈ ɉɑəɇɔɐɔɉɔ ɔɇəɝɋɓɎɥ ɐ ɍɆɊɆɝɋ ɖɆɗɕɔɍɓɆɈɆɓɎɥ ɑɎɜ

ʈʘʩʧʦʟʥʘʚʘʥʠʝ LFW:

200 ʙʠʪ ~0.95

2000 ʙʠʪ ~0.987

ȷɈɋɖɛɐɔɒɕɆɐɘɓɡɋ ɞɆɇɑɔɓɡ, ɈɡɗɔɐɆɥ ɗɐɔɖɔɗɘɢ ɕɔɎɗɐɆ

~30 ʤʣʥ 

ʩʨʘʚʥʝʥʠʡ ʚ 

ʩʝʢʫʥʜʫ ʜʣʷ 2000 

ʙʠʪʥʦʛʦ ʰʘʙʣʦʥʘ

~ 200ʤʣʥ 

ʩʨʘʚʥʝʥʠʡ ʚ 

ʩʝʢʫʥʜʫ ʜʣʷ 200 

ʙʠʪʥʦʛʦ ʰʘʙʣʦʥʘ



ȼɗɓ ɉɅɣɗ ɒɅɑ ɗɊɚɒɓɐɓɈɍɍ ɈɐɘɆɓɏɓɈɓ ɓɆɘɜɊɒɍɤ,
ɕɅɖɔɓɌɒɅɇɅɒɍɤ ɓɆɕɅɌɓɇ ɍ ɅɒɅɐɍɌɅ ɉɅɒɒɠɚ?

˹ˢ˿́˻̒̋˩˩˽˾˻̊˶˻˩ ˣ̂˨̂̋˩˩

ȶȭȶȷȪȱɀ ȧȭȩȪȳȲȥȦȰɃȩȪȲȭɄ

ȦȭȳȱȪȷȵȭȼȪȶȯȭȪ ȶȭȶȷȪȱɀ

ȴȵȳȱɀȽȰȪȲȲȥɄ ȦȪȬȳȴȥȶȲȳȶȷɁ ȭ ȥȧȷȳȱȥȷȭȬȥȻȭɄ

ȥȲȥȰȭȬ ȦȳȰɁȽȭȺ ȩȥȲȲɀȺ



ȶȭȶȷȪȱɀ ȧȭȩȪȳȲȥȦȰɃȩȪȲȭɄ

- ȵɅɖɔɓɌɒɅɇɅɒɍɊ ɗɍɔɅ 

ɓɖɗɅɇɐɊɒɒɓɈɓ ɔɕɊɉɑɊɗɅ ɏɅɏ 

ɔɓɉɗɇɊɕɋɉɊɒɍɊ ɉɊɗɊɏɗɓɕɅ

- ȯɐɅɖɖɍəɍɏɅɛɍɤ 

ɉɇɍɋɘɞɍɚɖɤ ɓɆɟɊɏɗɓɇ ɒɅ 

ɓɖɒɓɇɊ ɈɐɘɆɓɏɍɚ ɒɊɎɕɓɒɒɠɚ 

ɖɊɗɊɎ

- ȵɊɍɉɊɒɗɍəɍɏɅɛɍɤ

ɔɊɕɖɓɒɠ ɖ ɕɅɌɒɠɚ ɏɅɑɊɕ 

ɔɓ ɓɉɊɋɉɊ ɖ 

ɍɖɔɓɐɡɌɓɇɅɒɍɊɑ CNN

- ȩɊɗɊɏɗɍɕɓɇɅɒɍɊ 

ɓɆɟɊɏɗɓɇ (ɒɅɔɕɍɑɊɕ, 

ɐɣɉɊɎ, Ʌɇɗɓ) ɒɅ 

ɓɗɉɊɐɡɒɠɚ ɏɅɉɕɅɚ

- ȵɅɖɔɓɌɒɅɇɅɒɍɊ ɒɓɑɊɕɓɇ 

ɒɅ ɓɖɒɓɇɊ ɒɊɎɕɓɖɊɗɊɎ

ȳɆɒɅɕɘɋɊɒɍɊ 

ɉɇɍɋɘɞɍɚɖɤ ɓɆɟɊɏɗɓɇ ɇ 

ɒɊɖɐɓɋɒɠɚ ɘɖɐɓɇɍɤɚ

- ȯɐɅɖɖɍəɍɏɅɛɍɤ 

ɉɇɍɋɘɞɍɚɖɤ ɓɆɟɊɏɗɓɇ

- ȳɆɒɅɕɘɋɊɒɍɊ 

ɔɕɍɒɊɖɊɒɒɠɚ (ɓɖɗɅɇɐɊɒɒɠɚ) 

ɍ ɘɒɊɖɊɒɒɠɚ ɔɕɊɉɑɊɗɓɇ

ȵɅɖɜɊɗ ɖɏɓɕɓɖɗɍ ɍ 

ɔɐɓɗɒɓɖɗɍ ɔɓɗɓɏɅ (ɐɣɉɊɎ 

ɍɐɍ ɑɅɝɍɒ)

ȵɅɖɔɓɌɒɅɇɅɒɍɊɓɆɟɊɏɗɓɇ

- ȥɒɅɐɍɌ ɍ ɕɅɖɔɓɌɒɅ-

ɇɅɒɍɊɔɓɇɊɉɊɒɍɤ ɐɣɉɊɎ 

- ȧɠɖɓɏɓɒɅɉɊɋɒɓɊ 

ɓɆɒɅɕɘɋɊɒɍɊ ɍ 

ɔɕɓɖɐɊɋɍɇɅɒɍɊ ɓɆɟɊɏɗɓɇ, ɇ 

ɗɓɑ ɜɍɖɐɊ ɖ PTZ-ɏɅɑɊɕ

- ȴɓɤɇɐɊɒɍɊ èɘɑɒɠɚé 

ɏɅɑɊɕ ɖ ɅɐɈɓɕɍɗɑɅɑɍ 

ɉɊɗɊɏɗɍɕɓɇɅɒɍɤ ɒɅ ɓɖɒɓɇɊ 

ɒɊɎɕɓɒɒɠɚ ɖɊɗɊɎ ɒɅ Ɇɓɕɗɘ

- ȭȭ: ɖɍɖɗɊɑɅ 

ɇɍɉɊɓɒɅɆɐɣɉɊɒɍɤ 

ɖɅɑɓɖɗɓɤɗɊɐɡɒɓ 

ɈɊɒɊɕɍɕɘɊɗ ɖɓɓɆɞɊɒɍɤ 

ɓɔɊɕɅɗɓɕɘ ɖ ɔɓɉɕɓɆɒɠɑ 

ɓɔɍɖɅɒɍɊɑ ɖɓɆɠɗɍɎ

- ȭȭ: ɖɍɖɗɊɑɅ 

ɇɍɉɊɓɒɅɆɐɣɉɊɒɍɤ 

ɖɅɑɓɖɗɓɤɗɊɐɡɒɓ 

ɔɕɍɒɍɑɅɊɗ ɕɊɝɊɒɍɤ

˽˾˻̊˶˻˩ ˹ˢ˿́˻̒̋˩˩ ˣ̂˨̂̋˩˩



ȦȭȳȱȪȷȵȭȼȪȶȯȭȪ ȶȭȶȷȪȱɀ

- ȩɊɗɊɏɗɍɕɓɇɅɒɍɊ ɐɍɛ 

ɔɕɓɉɇɍɒɘɗɠɑɍ 

ɑɊɗɓɉɅɑɍ ɔɕɊɉɠɉɘɞɊɈɓ 

ɔɓɏɓɐɊɒɍɤ

- ȩɊɗɊɏɗɍɕɓɇɅɒɍɊ ɐɍɛ ɇ 

ɖɐɓɋɒɠɚ ɘɖɐɓɇɍɤɚ ɖ 

ɔɓɑɓɞɡɣ ɒɊɎɕɓɖɊɗɊɎ

(ɒɊ real-time)

- ȵɅɖɔɓɌɒɅɇɅɒɍɊ ɐɍɛ

ɔɓ ɍɌɓɆɕɅɋɊɒɍɤɑ 

ɇɠɖɓɏɓɈɓ ɏɅɜɊɖɗɇɅ ɖ 

ɓɜɊɒɡ ɇɠɖɓɏɍɑɍ 

ɇɊɕɓɤɗɒɓɖɗɤɑɍ

- ȵɅɖɔɓɌɒɅɇɅɒɍɊ ɐɍɛ ɇ 

ɖɐɓɋɒɠɚ ɘɖɐɓɇɍɤɚ ɖ 

ɉɓɖɗɅɗɓɜɒɓ ɇɠɖɓɏɍɑɍ 

ɇɊɕɓɤɗɒɓɖɗɤɑɍ

- ȳɆɒɅɕɘɋɊɒɍɊ ɐɍɛ

ɖ ɔɓɑɓɞɡɣ Ɉɕɘɔɔɠ 

ɑɊɗɓɉɓɇ ȧɍɓɐɠ-ȩɋɓɒɖɅ

- ȵɅɖɔɓɌɒɅɇɅɒɍɊ ɐɍɛ ɖ 

ɍɖɔɓɐɡɌɓɇɅɒɍɊɑ 

ɓɆɘɜɊɒɒɠɚ ɔɕɍɌɒɅɏɓɇ

- ȳɆɒɅɕɘɋɊɒɍɊɍ

ɕɅɖɔɓɌɒɅɇɅɒɍɊ ɐɍɛ

ɇ ɖɐɓɋɒɠɚ ɘɖɐɓɇɍɤɚ

ȴɓɇɖɊɑɊɖɗɒɅɤ ɌɅɑɊɒɅ 

ɢɐɊɏɗɕɓɒɒɠɚ ɏɐɣɜɊɎ ɒɅ 

ɕɅɖɔɓɌɒɅɇɅɒɍɊ ɐɍɛ

ȧɠɖɓɏɍɊ ɗɓɜɒɓɖɗɍ 

ɓɔɕɊɉɊɐɊɒɍɤ ɔɓɐɅ, 

ɇɓɌɕɅɖɗɅ, 

ɒɅɛɍɓɒɅɐɡɒɓɖɗɍ, ɢɑɓɛɍɎ 

ɇ ɌɅɉɅɜɅɚ ɑɅɕɏɊɗɍɒɈɅ

ȩɊɗɊɏɗɍɕɓɇɅɒɍɊ ɍ 

ɕɅɖɔɓɌɒɅɇɅɒɍɊ ɐɣɉɊɎ ɇ 

ɗɓɐɔɊ ɔɓ Ɇɓɐɡɝɍɑ ɆɅɌɅɑ 

ɖ ɇɠɖɓɏɓɎ ɇɊɕɓɤɗɒɓɖɗɡɣ 

-ɊɉɍɒɅɤ ɆɍɓɑɊɗɕɍɜɊɖɏɅɤ 

ɈɐɓɆɅɐɡɒɅɤ ɖɍɖɗɊɑɅ ɇ 

ɕɅɑɏɅɚ Ɉɓɕɓɉɓɇ

ȯɓɑɑɊɕɜɊɖɏɓɊ 

ɇɒɊɉɕɊɒɍɊ ɓɔɐɅɗɠ ɔɓ 

ɐɍɛɘ

˽˾˻̊˶˻˩ ˹ˢ˿́˻̒̋˩˩ ˣ̂˨̂̋˩˩



ȴȵȳȱɀȽȰȪȲȲȥɄ ȦȪȬȳȴȥȶȲȳȶȷɁ ȭ ȥȧȷȳȱȥȷȭȬȥȻȭɄ

ȵɅɖɔɓɌɒɅɇɅɒɍɊ 

ɖɕɊɉɖɗɇ ɍɒɉɍɇɍɉɘɅɐɡɒɓɎ 

ɌɅɞɍɗɠ (ɜɘɇɖɗɇɍɗɊɐɡɒɓ ɏ 

ɑɅɕɏɊ)

ȬɅɉɅɜɍ 

ɗɊɚɒɓɐɓɈɍɜɊɖɏɓɈɓ 

ɏɓɒɗɕɓɐɤ: ɓɔɕɊɉɊɐɊɒɍɊ 

ɏɅɜɊɖɗɇɅ ɔɕɓɉɘɏɛɍɍ, 

ɔɕɅɇɍɐɡɒɓɖɗɍ ɗɊɜɊɒɍɤ 

ɗɊɚɒɓɐɓɈɍɜɊɖɏɍɚ 

ɔɕɓɛɊɖɖɓɇ ɍ ɔɕ.

ȴɓɍɖɏ ɔɓɐɊɌɒɠɚ 

ɍɖɏɓɔɅɊɑɠɚ ɔɓ Ɇɓɐɡɝɍɑ 

ɉɅɒɒɠɑ ðɒɅɆɓɕɘ 

ɔɓɏɅɌɅɒɍɎ Ɉɕɘɔɔɠ 

ɉɅɗɜɍɏɓɇ 

ȥɇɗɓɑɅɗɍɌɍɕɓɇɅɒɒɠɊ 

ɌɅɇɓɉɠ ɖ ɑɍɒɍɑɅɐɡɒɠɑ 

ɏɓɐɍɜɊɖɗɇɓɑ ɔɊɕɖɓɒɅɐɅ

ȳɆɒɅɕɘɋɊɒɍɊ 

ɉɇɍɋɊɒɍɤ ɍɐɍ 

ɉɇɍɋɘɞɍɚɖɤ ɓɆɟɊɏɗɓɇ 

ɇ ɌɅɔɕɊɞɊɒɒɠɚ ɌɓɒɅɚ 

(sterile zone)

ȯɓɒɗɕɓɐɡ 

ɗɊɑɔɊɕɅɗɘɕɠ ɘɖɗɅɒɓɇɓɏ ɖ 

ɔɓɑɓɞɡɣ 

ɗɊɔɐɓɇɍɌɍɓɒɒɠɚɏɅɑɊɕ

ȬɅɑɊɒɅ ɜɊɐɓɇɊɏɅ ɇ 

ɔɕɓɖɗɊɎɝɍɚ ɉɊɎɖɗɇɍɤɚ 

ɅɇɗɓɑɅɗɍɜɊɖɏɍɑɍ 

ɖɍɖɗɊɑɅɑɍ (ɌɅɉɅɜɍ 

ɔɓɉɖɜɊɗɅ ɔɕɓɉɘɏɛɍɍ, 

ɖɜɍɗɠɇɅɒɍɤ 

ɑɅɕɏɍɕɓɇɓɏ/ɝɗɕɍɚɏɓɉɓɇ

ɍ ɔɕ.)

ȥɇɗɓɑɅɗɍɜɊɖɏɍɊ 

ɖɍɖɗɊɑɠ ɏɓɒɗɕɓɐɤ ɌɅ 

ɔɕɓɍɌɇɓɉɖɗɇɓɑ

ȥɇɗɓɑɅɗɍɜɊɖɏɍɊ 

ɍɒɗɊɐɐɊɏɗɘɅɐɡɒɠɊ 

ɖɍɖɗɊɑɠ ɘɔɕɅɇɐɊɒɍɤ 

ɌɅɇɓɉɅɑɍ: ɅɒɅɐɍɌ 

ɔɓɏɅɌɅɒɍɎ ɉɅɗɜɍɏɓɇ 

ɖɍɖɗɊɑɠ, ɔɕɊɉɖɏɅɌɅɒɍɊ 

ɜɕɊɌɇɠɜɅɎɒɠɚ ɖɍɗɘɅɛɍɎ, 

ɔɕɍɒɤɗɍɊ ɕɊɝɊɒɍɎ

ȶɓɌɉɅɒɍɊ 

Ʌɇɗɓɒɓɑɒɠɚ 

ɔɓɉɇɍɋɒɠɚ ɕɓɆɓɗɓɇ 

ɒɓɇɓɈɓ ɔɓɏɓɐɊɒɍɤ ɖ 

ɖɍɖɗɊɑɓɎ ɗɊɚɒɍɜɊɖɏɓɈɓ 

ɌɕɊɒɍɤ ɒɅ Ɇɓɕɗɘ

˽˾˻̊˶˻˩ ˹ˢ˿́˻̒̋˩˩ ˣ̂˨̂̋˩˩



ȥȲȥȰȭȬ ȦȳȰɁȽȭȺ ȩȥȲȲɀȺ

ˢ͙ͤ͊͘͡ ͫͦͫͭͦΎ͙ͤΎ 
͍͎͋ͦͪͭͦͦͦ ͍͙͊͊ͼ͙͎ͦͤͤͦͦ 
͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ ͍ 
ͣ͊ͫ΄͔ͭ͊͋ ͔ͪ͊͡Έ͎ͤͦͦ 
͍͔͔͙ͪͣͤ ͫ ͍ͦͣͦ͗ͤͦͫͭ͘ΈΌ 
͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ 
͙ͪ͊͘͡;ͤ·ͻ ͙͍ͭͨͦ 
͍ͦͭ͊ͦ͘͟. 

˿͍͔ͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ 
͔͍ͫͪ͒ͫͭ 
͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ 
͍͔͔͙ͪͣͤ ͙ͨͪ͋·͙ͭΎ 
͍ͦ͒ͯ͘΄ͤ·ͻ ͍͍ͫͯ͒ͦ 
͍͔ͫͦͫͭ͊ ͙͔ͫͫͭͣ 
͍͔͙ͯͨͪ͊ͤ͡Ύ ͍ͦ͒ͯ͘΄ͤ·ͣ 
͍͙͔͙͔͒͗ͤͣΦ

˹ˢ˿́˻̒̋˩˩ -ˣ̂˨̂̋˩˩

˥͙͔ͯ͋ͦ͟͡ ͔͚ͤͪͦͤͤ·͔ 
͔͙ͫͭ ͍ ͙͍͔͙͍͙͙ͤͫͭͪͦ͊ͤ 

˽͔͙͔ͪ͒ͫ͊͊ͤ͘͟ 
Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ 
͙͚ͦͣͨ͊ͤ͟ ͍ ͔͙ͭͪͣͤ͊ͻ 
͍·ͪͯ;͙͟Σ ͔ͦͨͪ͊ͼ͙ͦͤͤ·ͻ 
͒ͦͻ͍ͦ͒ͦ ͙ ;͙͚ͫͭͦ 
͙ͨͪ͋·͙͡ ͤ͊ ͍͔ͦͫͤͦ 
ͺ͙͍͚ͤ͊ͤͫͦͦ ͙ͤͺͦͪͣ͊ͼ͙͙ 
͙ ͔ͨ͊ͭͤͭ͊ͻ ͙͚ͦͣͨ͊ͤ͟

˽͔͙͔ͪ͒ͫ͊͊ͤ͘͟ 
͍͔͔͙ͨͦ͒ͤΎ ͺ͍͎ͦͤ͒ͦͦͦ 
ͪ·ͤ͊͟

˹ˢ˿́˻̒̋˩˩ -ˣ̂˨̂̋˩˩

= 1 041 
600 500 TB

˻͋Ά͔ͣ ͒͊ͤͤ·ͻΣ
ͫͦ͋ͪ͊ͤͤ·ͻ 
ͭͦ͡Έͦ͟ ͫ 
͍͙͎͔͔͚͒͊ͭ͡ 
͔ͦͣͣͪ͟;͔͙ͫ͟ͻ 
͔͙͍ͪ͊ͭͤ͟·ͻ 
͔͍ͫ͊ͣͦͭͦ͡ ˿̊ˢ 
͍ ͔ͭ;͔͙͔ͤ ͎ͦ͒͊

͙ ͔΅͔ ͔͍ͣͤͦ͗ͫͭͦ ͙͔͙͚ͨͪͦ͗ͤ͡Χ



͍͔̇ͭͦͣ ͯ͊͊ͤ͘͟· ͊ͫͫ͟͡· ͦ͋Ά͔͍ͭͦ͟Υ ͔͗ͭ͡·͚ ς
͔͔͋ͪͦͤͭͻ͙ͤ͊͟Σ ͪ͊ͫͤ͟·͚ ςͫ ͔͊ͣͦͭ͡·Σ ͎͚ͦͯ͋ͦ͡ ς
͎͍͙͙ͪͯͦ͘͟Σ ͙͙͚ͫͤ ς͊ ͍ͭͦͣ͊΄͙ͤ·Σ ͔͔ͤ͘͡·͚ -͡Ό͙͒

2016:˻͔͙͔͋ͤ͊ͪͯ͗ͤ ͙ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ ͦ͋Ά͔͍ͭͦ͟
͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤ ό˥ͦͫ˹ˮˮˢ˿)

˥͔͒ ͔ͦͭ;͔͍͔ͫͭͤͤ·͔ ͨͪͦͼ͔ͫͫͦͪ·Κ

˥͔͒ ͔ͦͭ;͔͍͔͔ͫͭͤͤͦ ˽˻ ͒͡Ύ ͦ͋ͯ;͔͙ͤΎΚ

˥͍ͦͭͦͤͦͫͭΈ
͍͟ ͔͔͙ͤ͒ͪͤΌ
͍ ͚ͦ͋ͦͪͦͤͤͦ 
ͫͺ͔͔ͪ



2018-19:˥˹˿ ͤ͊ ͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ͨͪͦͼ͔ͫͫͦͪ͊ͻ

ˢͪͻ͙͔ͭͭͯͪ͊͟ ͨͪͦͼ͔ͫͫͦͪ͊Σ
͔͔ͦ͋ͫͨ;͙͍͊Ό΅͊Ύ ͍·ͫͦͯ͟Ό 
͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈ ˥˹˿ 

нлмуΥ ˽͙ͪͦͭͦͭͨ ͙͔ͫͫͭͣ· ͍͙͊ͭͦͣ͊ͭ;͔͎ͫͦͦ͟ 
͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͙ ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ ͼ͔͔͚͡ ͤ͊ ͍͔ͦͫͤͦ 
͎͙ͯ͋ͦ͟͡ͻ ͍͔ͫͪͭͦ;ͤ·ͻ͔͚ͤͪͦͤͤ·ͻ ͔͔͚ͫͭΦ ˿͙͔ͫͭͣ͊ 
ͤ͊ ͔͋͊͘ ͨ͊ͭ͡· ˸˿мнмΦлм ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ˹́̇ 
ζ˸ͦ͒ͯ͡Έη ͫ ͨͪͦͼ͔ͫͫͦͪͦͣ baсплт όр ͍͊͒ͪͦ͟/͔ͫ͟ύΦ
нлмфΥ ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͍͔͊ͪ͘΄͔͊ͭͫΎ ͪ͊ͪ͊͋ͦͭ͊͘͟ 
͔ͪ΄͔͙ͤΎ ͒͡Ύ ATR ͫ  ˥˹˿ ͤ͊ ͔͋͊͘ NM6408, 
ͪ͊͋ͦͭ͊Ό΅͔͎ͦ ͍ он ͪ͊͊͘ ͋·͔͔ͫͭͪ όͫͦͪͦͫͭ͟Έ 
͙ͦ͋ͪ͊͋ͦͭ͟ -сл ͍͊͒ͪͦ͟/͔ͫ͟ ͙ ͍·΄͔). 
˽͔͔͙͍ͪͫͨͭ͊͟-2020+: ͦ ͙͔͗͒͊ͭͫΎ ͍·ͨͯͫ͟ ͔΅͔ ͔ͭͪͻ 
͔͚ͤͪͦͨͪͦͼ͔͍͔ͫͫͦͪͦͦͭ;͔͍͔ͫͭͤͤ·ͻ ͙͍͙͔͔͚ͨͪͦͦ͒ͭ͘͡

˿͔ͭͤ͒ ˥ͦͫ˹ˮˮˢ˿
ͤ͊ ͍·͍͔ͫͭ͊͟ 

ζˢ˾˸ˮ̒-нлмуη

˥ͯ͋ͦ͊͟͡Ύ
˴͍ͦͤͦ͡Όͼ͙ͦͤͤ͊Ύ
˹͔͚ͪͦͤͤ͊Ύ
˿͔ͭΈ ό˥˹˿ύ  

˻͔ͭ;͔͍͔ͫͭͤͤ·͚
͔͚ͤͪͦͨͪͦͼ͔ͫͫͦͪ

нлмфΥ ͔ͦͭ;͔͍͔ͫͭͤͤ·͔ 
ͨͪͦͼ͔ͫͫͦͪ· ͔ͯ͗ ͔ͫͭΈ

˥͍ͦͭͦͤͦͫͭΈ
͟ ͍͔͔͙ͤ͒ͪͤΌ
͍ ͚ͦ͋ͦͪͦͤͤͦ 
ͫͺ͔͔ͪ



˻˴˾ ζ˽͊ͭ͡ͺͦͪͣ͊-˥˹˿η όнлму-2020)

˽͔ͪͦ͋ͣ͊͡Υ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͔͊ͪͯ͋͗ͤ͘·͔ ͔͍ͫͪ͒ͫͭ͊ ͦ͋ͯ;͔͙ͤΎ ˥˹˿ 
ό͙͔ͫͫͭͣ· Caffe, Caffe2, Pytorch, TensorFlow, Theano ͙ ͒ͪΦύΥ
Å˹͔͍ͦͣͦ͗ͤ͊͘ ͔͙ͫͪͭͺ͙͊͟ͼ͙Ύ ͤ͊ ˹˨ˤ
Å˹͔ͭ ͔͙ͨͦ͒͒ͪ͗͟ ͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ͒͊ͭ;͙͍ͦ͟ ͙ ͍·;͙͙͔͔͚ͫͭ͡͡
Å˹͔͍͔͙ͫͦͣͫͭͣͦͫͭΈ ͙ͪ͊͘͡;ͤ·ͻ ͔͍ͫͪ͒ͫͭ ͙ ͙͔ͫͫͭͣ ͙ͪ͊ͪ͊͋ͦͭ͘͟
˾͔΄͔͙͔ͤΥ͙͔ͫͦ͒͊ͤ͘ ͔ͦͭ;͔͍͔͚ͫͭͤͤͦ ͎͚ͨͪͦͪ͊ͣͣͤͦ ˽͊ͭ͡ͺͦͪͣ· 
͒͡Ύ ͦ͋ͯ;͔͙ͤΎ ͙ ͍͚͋ͦͪͭͦͦ ͔͙ͪ͊͊͘͡ͼ͙͙ ˥˹˿

˻͋ͯ;͔͙͔ͤ ˥˹˿

˽͔͍͙͔ͪͦ͋ͪ͊ͦ͊ͤ͘
˥˹˿

ˢͨͨ͊ͪ͊ͭͤ͊Ύ 
͔͙ͪ͊͊͘͡ͼ͙Ύ ˥˹˿

˩͙͒ͤ͊Ύ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ͊Ύ ͔ͫͪ͒͊ 

Å ˿͔͙ͪͭͺ͙ͼ͙͍ͪͦ͊ͤͤ·͚ ͤ͊ ˹˨ˤ ͙ͫͻΦ ͦ͒͟
Å ˮͣͨͦͪͭ/Ήͫͨͦͪͭ͟ ͙͘ ͍ͦͫͤͦͤ·ͻ 
ͺ͔͚͍͍͙ͪͣͦͪͦ͟ onnx

Å ˹͙͊͡;͙͔ ͙͍ͭͨͦ·ͻ ͔ͪ΄͔͙͚ͤ ͒͡Ύ 
͍ͦͫͤͦͤ·ͻ ͊͒͊͘;

Å ˽͔ͦ͒͒ͪ͗͊͟ ͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ͊ͨͨ͊ͪ͊ͭͤ·ͻ 
ͨ͊ͭ͡ͺͦͪͣ ͙ ͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ˻˿

Å ˴ͦͤͭͪͦ͡Έ ͒ͦͫͭͯͨ͊ ͟ ͒͊ͤͤ·ͣ ͙ ͔ͨͪͦͭ͊ͣ͟
Å ˹͙͙͔͘͟ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͍͙͊͟͡ͺ͙͊͟ͼ͙͙ ˮ́˾

͙̂ͤͺ͙ͼ͙͍ͪͦ͊ͤͤ͊Ύ ͨ͊ͭ͡ͺͦͪͣ͊

˿͙͔͙͔ͤ͗ͤ ͎ͨͦͪͦ͊ ͍ͻͦ͒͊ => ͔͔ͪͦ͘͟ ͍͔͙ͯ͡;͔͙͔ͤ 
;͙ͫ͊͡ ͪ͊ͪ͊͋ͦͭ͘;͙͍ͦ͟ Ґ>͍͔ͦͣͦ͗ͤ͘ ͨͪͦͪ·͍
͍ ͍ͣ͊ͫͫͦͦͣ ͍͔͔͙͙ͤ͒ͪͤ ˥˹˿ ͍ ͙͔͙͒͘͡Ύ ˤˤ˿́

нлнлΥ ͔͋ͯ͒ͭ  
͔ͦͭ;͔͍͔͔ͫͭͤͤͦ ˽˻

2020+:
͊͒͊͘;͊ 
͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ 
͍ͦ͋ͪ͊ͦ͘ ͔ͤ 
ͭͦ͡Έͦ͟ 
͎͙͙͊ͦͪͭͣ͡;͔͙ͫ͟ 
͔ͪ΄͔ͤ͊Σ
ͤͦ ͍͔͔͒ͦ͒ͤ͊
͒ͦ ͙͙ͫͭ͊͒ 
͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ 
͎͍͙ͦͭͦͤͦͫͭ
͟ ˻˴˾

˥͍ͦͭͦͤͦͫͭΈ
͟ ͍͔͔͙ͤ͒ͪͤΌ
͍ ͚ͦ͋ͦͪͦͤͤͦ 
ͫͺ͔͔ͪ



˽ͦ;͔ͣͯ ͋ͯ͒ͯ΅͔͔ ͔ͤ ͙ͤ͊ͫͭͯͨͦ͡ ͍ нлмрΚ 
˽ͦ;͔ͣͯ ͎ͦ͒ͤͦͦ ͎͎ͯ͋ͦͦͦ͟͡ ͦ͋ͯ;͔͙ͤΎ
͔ͤ ͻ͍͙͊ͭͦ͡ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ˮˮΚ

(;͔͎ͦ ͔ͤ ͯ͒͊ͦͫ͡Έ ͙͒ͦ͋ͭΈͫΎ ͍ ͪ͊ͣ͊͟ͻ ͔͍͚ͨͪͦ 
͍ͦͤ͡· ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͍ͪͦ͡Όͼ͙͙)



ˤͦͭ ͤ͊ ͙͔͊͟͟ Ή͔͔ͣͤͭ͡· 
͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͔͎͙ͪ͊ͪͯΌͭ 
͔͚ͤͪͦͤ· ͪ͊ͤ͘·ͻ ͍͔͚ͯͪͦͤΥ

̉ͭͦ ͔͔͒͊ͭ͡ ͎ͯ͋ͦ͊͟͡Ύ ͔͚ͤͪͦͤͤ͊Ύ ͔ͫͭΈ (͔͙͙͒ͣͫͭͺ͙͊͟ͼ͙Ύ)

Visualizing and Understanding Convolutional Networks, aŀǘǘƘŜǿ ½ŜƛƭŜǊ ŀƴŘ wƻō CŜǊƎǳǎΣ 9//±Ωмп

͍͔̂ͪͦͤΈ п ͍͔̂ͪͦͤΈ р

͍͔̂ͪͦͤΈ м ͍͔̂ͪͦͤΈ н ͍͔̂ͪͦͤΈ о

˭͔͊ͣ;͔͊ͭ͡Έͤͦ ͙͡΄Έ ͭͦΣ 
;ͭͦ ͍͙ͨͪ͊͊͡ ͙ͫ͋ͦͪ͟ ͙ͦͤ 
͍·ͯ;͙͍͊Όͭ ͤ͊ ͙͔ͨͪͣͪ͊ͻ

˥˹˿ ͍͔ͯͪͦͤΈ ͊͘ ͍͔ͯͪͦͤͣ 
͙ͫͦ͋ͪ͊Όͭ ͫͦ͗ͤ͡·͔ 
ͦ͋ͪ͊͘· ͙͘ ͨͪͦͫͭ·ͻΗ



˴͊͟ ͯ;͙ͭͫΎ ͎ͯ͋ͦ͊͟͡Ύ ͔͚ͤͪͦͤͤ͊Ύ ͔ͫͭΈ (͔͙͙͒ͣͫͭͺ͙͊͟ͼ͙Ύ)

ɺʳʭʦʜʳ 

ʩʝʪʠ
ʆʪʚʝʪʳ 

ʫʯʠʪʝʣʷ

ʇʨʦʠʟʚʦʜʥʘʷ ʦʰʠʙʢʠ ʤʝʥʷʝʪ ʚʝʩʘ

ʇʨʠʤʝʨʳ ʆʰʠʙʢʠ

¸

˴͊͟ ͡Ό͚͋ͦ ͨͪͦ͒ͯͭ͟ 
ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎΣ 
˥˹˿ ͯ;͙ͭͫΎ 
͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ό ͍ͦ͋ͪ͊ͦ͘ 
ͤ͊ ͙͔ͨͪͣͪ͊ͻΥ
͙ͫͭͣͯ͡-͔ͪ͊͟ͼ͙Ύ 

˽͊ͣΎͭΈ Ҍ 
͙͔ͫͦͦ͋ͪ͊ͭ͘͡ΈͤͦͫͭΈ 
¸ˮ ͔͔ͤͭͭ͟͡͡



Group walking, Group running,
Group merging and Group splitting.

Events detection using a video-surveillance Ontology and a rule-based approach,
YassineKaziTani, Adel Lablack, AbdelghaniGhomari, and IoanMarius Bilasco, 2014

˸͔ͦ͒͡Έ ͫͼ͔ͤ·

˸͔ͦ͒͡Έ ͫͦ͋·͙͚ͭ ͙ ͨͪͦͼ͔͍ͫͫͦ

˻͍͔ͫͤͦͤͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͎͙ͦͪ͊ͤ;͔͙͔ͤ 
͙͊ͫͫ͟͡;͔͙ͫ͟ͻ CNN: ͤ ͔͍ͦͣͦ͗ͤͦͫͭ͘Έ

͔͙ͨͦͫͭͪͦͤΎ ͙ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͫͭͪͯͭͯͪͤ͟·ͻ 
͔͔͚ͣͦ͒͡Σ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-͍͔͔ͪͣͤͤ·ͻ 
͎͙ͦ͟͡ ͙ ͎͙͚ͦͤͭͦͦ͡ ͒͡Ύ ͙͊ͤ͊͊͘͡ ͫͦ͗ͤ͡·ͻ 

ͦ͋Ά͔͍ͭͦ͟ ͙ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͫͼ͔ͤ

˽ͦ;͔ͣͯ ͋ͯ͒ͯ΅͔͔ ͔ͤ ͙ͤ͊ͫͭͯͨͦ͡ ͍ нлмрΚ
˽ͦ;͔ͣͯ ˥˹˿-͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ ͔ͤ ͻ͍͙͊ͭͦ͡ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ˮˮΚ
(;͔͎ͦ ͔ͤ ͯ͒͊ͦͫ͡Έ ͙͒ͦ͋ͭΈͫΎ ͍ ͪ͊ͣ͊͟ͻ ͔͍͚ͨͪͦ ͍ͦͤ͡· ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͍ͪͦ͡Όͼ͙͙)



̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚
͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡
ό͍ͭͦͪ͊Ύ ͍ͦͤ͊͡ ͍͔͔͚ͫͦͪͣͤͤͦ 

͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͍ͪͦ͡Όͼ͙͙ ˮˮύ



2000:̉ͭͦ ͔ͭ͊ͦ͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ˮˮΣ ͙͘ ;͔͎ͦ ͦͤ ͙ͫͦͫͭͦͭΚ  

̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ζˮˮη Ґ ˢ˻/˽˻Σ ͫͨͦͫͦ͋ͤ·͔ ͍͙͊ͭͦͣ͊ͭ;͔͙ͫ͟ ͍·ͨͦͤ͡ΎͭΈ 
͔ͨͦͤ͘͡·͔ ͺͯͤ͟ͼ͙͙Σ ͦͭͦͪ͟·͔ ͔͔ͪ͊ͤ ͎͙ͣͦ͡ ͋·ͭΈ ͍·͔ͨͦͤͤ͡· ͭͦ͡Έͦ͟ ;͔͍͔ͦͦͣ͟͡Φ

ˮ -ˮмΥ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡
;͔͍͔ͦ͡;͔͙ͫ͟ͻ ͔͙͚ͪ͊ͫͫͯ͗͒ͤ

̅ͦͪͣ͊͡Έͤ·͔ ͔͙͙ͭͦͪ
˨͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͦͪͣ
˶͎͙ͦ;͔͔ͫͦ͟ 
͎͙͍͙͔ͨͪͦͪ͊ͣͣͪͦ͊ͤ 
˽͔͍͔͙͔ͪ͒ͫͭ͊ͤ͡ ͙͚ͤ͊ͤ͘: 
ͺ͔͚ͪͣ·Σ 
͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͔͙ͫͭΧ
˿͙͍ͣͦ͡Έͤ·͔ 
͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ 
͍·͔͙͚ͪ͊͗ͤ
͔̏ͫͨͪͭͤ͟·͔ ͙͔ͫͫͭͣ·
˹͔;͔͙͔ͭ͟ ͎͙͙ͦ͟͡Χ

ˮ -ˮнΥ ͙͊ͤ͊͘͡ ͒͊ͤͤ·ͻ
͙ ͣ͊΄͙͔ͤͤͦ ͦ͋ͯ;͔͙͔ͤ

˻͋ͯ;͔͙͔ͤ ͫ ͯ;͙͔͔ͭͣ͡ 
˽͍ͪͦͫͭͪ͊ͤͫͭͦ 
͙͍ͨͪͤ͊ͦ͘͟Φ ˶͙͔͚ͤͤ·͔ 
͔͙͔͙ͪ͊͒ͭ͘͡͡Φ 
ˣ͚͔͍͔͊ͫͦͫͦ͟ ͦ͋ͯ;͔͙͔ͤΦ 
˻΄͙͙͋͟ м ͙ н ͪͦ͒͊Φ 
˻͋ͯ;͔͙͔ͤ ͔͋͘ ͯ;͙͔ͭ͡Ύ 
˴͔͊ͫͭͪͤ͡·͚ ͙͊ͤ͊͘͡Φ
˿͙͔͙͔ͤ͗ͤ ͔͙ͪ͊ͣͪͤͦͫͭ͘ 
˹͔͚ͪͦͤͤ·͔ ͔͙ͫͭ 
˻͔͋ͪ͊ͭͤͦ 
͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΧ

˨͍͊ ζ͒ͦͣ͊ηΣ ͔͔ͪ͊͒ͤͤ͘͡·ͻ ͨͪͦ;͚ͤͦ ͔͚ͫͭͤͦΥ ˮˮ-м ͔ͤ ͯ;͙ͭͫΎΣ ˮˮ-н ͔ͤ ͔ͪ͊ͫͫͯ͗͒͊ͭΧ 



2000: ˽͎ͪͦͤͦ͘ ͙ͫͦ͒͊ͤ͘Ύ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ˮˮ
όͤ͊ ͙͔͔ͨͪͣͪ ͔ͪͦ͋ͦͭͦͭͻ͙͙ͤ͟ύ

˹͍͙͎͊͊ͼ͙Ύ

˻͋ͪ͊͋ͦͭ͊͟
͔ͫͤͫͦͪͤ·ͻ
͒͊ͤͤ·ͻ
ό͔͙͔ͪͤ͘ΣΧύ

˸͊΄͙͔ͤͤͦ
ͦ͋ͯ;͔͙͔ͤ

(ˮ -ˮII)
ό͙͊ͤ͊͘͡
͒͊ͤͤ·ͻύ

͍͔͙͔̂ͨͪ͊ͤ͡
ό͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ 
͙͙ͦͨͭͣ͊͘ͼ͙ΎΣ
͙͎ͪ·ΣΧύ

ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ 
͙͔͔ͤͭͭ͟͡͡
όˮˮ-I) ό͋͊͘· 
͙͚ͤ͊ͤ͘Σ ͎͙ͦ͊͟͡Σ
͔͙ͪ͊ͫͫͯ͗͒ͤΎύ

˽͎ͪͦͤͦ͘ ˮˮΥ
2040+ 

ˤ͔͔͒͘ 
͎͙͊ͦͪͭͣ͡· 
͙ͫ͡Έͤͦ 
͙͎ͨͪͦͪ·͍͊Όͭ 
͡Ό͒Ύͣ



2015: ˽ ͎ͪͦͤͦ͘ ͙ͫͦ͒͊ͤ͘Ύ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ˮˮ
όͤ͊ ͙͔͔ͨͪͣͪ ͔ͪͦ͋ͦͭͦͭͻ͙͙ͤ͟ύ

˹͍͙͎͊͊ͼ͙Ύ

˻͋ͪ͊͋ͦͭ͊͟
͔ͫͤͫͦͪͤ·ͻ
͒͊ͤͤ·ͻ
ό͔͙͔ͪͤ͘ΣΧύ

˸͊΄͙͔ͤͤͦ
ͦ͋ͯ;͔͙͔ͤ
ό͙͊ͤ͊͘͡
͒͊ͤͤ·ͻύ

͍͔͙͔̂ͨͪ͊ͤ͡
ό͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ 
͙͙ͦͨͭͣ͊͘ͼ͙ΎΣ
͙͎ͪ·ΣΧύ

ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ 
͙͔͔ͤͭͭ͟͡͡
ό͋͊͘· ͙͚ͤ͊ͤ͘Σ
͎͙ͦ͊͟͡Σ

͔͙ͪ͊ͫͫͯ͗͒ͤΎύ

˽͔͍ͪ͊Ύ ͍ͦͤ͊͡ 
͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ 
͔͍ͪͦ͡Όͼ͙͙Υ
͎͔ͯ͋ͦͦ͟͡
ͦ͋ͯ;͔͙͔ͤҌ
ͦͣͨ͟ΈΌ͔͔ͭͪͤͦ
͔͙͔ͪͤ͘ ˽͎ͪͦͤͦ͘ ˮˮΥ

2030+ 

ˤ͔ͫ ͙͙ͦ͗͒͊͡ ͔΅͔ ͦ͒ͤͯ 
(ͦͪͦͭͯ͟͟Ό)ζ͙ͣͯ͘ ˮˮηΧ

͍͙ͨͦͦͤ͊͡ ͊͒͊͘; 
͔ͪ΄͔ͤ͊



˴ͦͣͨΈΌ͔͔ͭͪͤͦ ͔͙͔ͪͤ͘ ͙ ͣ͊΄͙͔ͤͤͦ ͦ͋ͯ;͔͙͔ͤ
͒͡Ύ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͻ ͙͔ͫͫͭͣ

(2017+, ͍ ͭͦͪ͊Ύ ͍ͦͤ͊͡ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͍ͪͦ͡Όͼ͙͙)

Å˥͙͔ͯ͋ͦ͟͡ ͔͍ͫͦͪͤͯΌ΅͙͔ͫΎ ͔͙ͫͭ ͒͡Ύ ͙͙ͣͭ͊ͼ͙͙ ͒͊ͤͤ·ͻ
GAN, Domain Transfer Learning, Zero-Shot Learning

Åˮ͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͙͙͒ͤ͊ͣ;͔͚ͫͦ͟ ͍͙ͯ͊͘͡Έ͚ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ͤ͊ 
͔͔͍͔ͫͭͫͭͤͤͦͣ Ύ͘·͔͟
Action Detection and Prediction,Video Annotation, Video and 
Language Understanding, Text-to-Video, VQA

Å˻͋ͯ;͔͙͔ͤ ͎͙ͯ͋ͦ͟͡ͻ ͔͔͚ͫͭ ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡ ͊͟͟ ͙͍͊ͭͤ͟·ͻ 
͎͔͍͊ͤͭͦ  Reinforcement Learning, Lifelong Learning

Å˥͔ͯ͋ͦͦ͟͡ ͦ͋ͯ;͔͙͔ͤ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͫͭͪͯͭͯͪͤ͟·ͻ ͔͔͚ͣͦ͒͡Σ 
͋͊͘ ͙͚ͤ͊ͤ͘ ͙ ͎ͨͪͦͪ͊ͣͣ ͎͙ͦ͡;͔͎ͫͦͦ͟ ͍·͍ͦ͒͊
Graph Structured CNN, Deep Visual Reasoning

Åˢ͍͙ͭͦͣ͊ͭ;͔͔ͫͦ͟ ͙͍͙͔ͦͤͫͭͪͯͪͦ͊ͤ͟ ͙ ͦ͋ͯ;͔͙͔ͤ ͎͙ͯ͋ͦ͟͡ͻ ͔͔͚ͫͭ



˥͔͔͙͍ͤͪ͊ͭͤ·͔ ͙ͦͤͯͪͪͯ͟͟Ό΅͙͔ ͔͙ͫͭ

˥͔͔ͤͪ͊ͭͦͪ ͔ͫͦ͒͊ͭ͘ ͍͙ͯ͊͘͡Έͤ·͔ ͦ͋ͪ͊͘·Σ 
ͫͭ͊ͪ͊ΎͫΈ ͦ͋ͣ͊ͤͯͭΈ ˨͙͙͙ͫͪͣͤ͊ͭͦͪ͟Χ

ΧΦ˨͙͙͙ͫͪͣͤ͊ͭͦͪ͟ ͔ͫͭ͊ͪ͊ͭͫΎ ͙ͦͭ͡;͙ͭΈ 
ͺ͙͙͊ͤͭ͊͘ ˥͔͔ͤͪ͊ͭͦͪ͊ ͦͭ ͔ͪ͊͡Έ͙ͤͦͫͭ

˽͔͔ͪͤͦͫ ͦ͋ͯ;͔͙ͤΎ ͍ ͍ͤͦͯΌ 
ͦ͋͊ͫͭ͡Έ ͙͔͔͙ͨͪͣͤͤΎ

(Domain Transfer Learning)

Adaptive Deep Models across Visual Domains, Kate Saenko, ICCV, 2017

ˣͦͪΌ΅͙͔ͫΎ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͎͔͊ͤͭ· ό˥˹˿ύ



GAN ςͫ ͔ͭΈΣ 
ͦ͋͊͒͊͡Ό΅͊Ύ 
͍͔͙͔ͦͦ͋ͪ͊͗ͤͣΗ

Unpaired Image-to-Image Translation using Cycle-Consistent 
Adversarial Networks, Jun-Yan Zhu et al., ICCV, 2017

Generative Adversarial Networks (GANs)



˽͙͙͔ͦͤͣ͊ͤ ͫͼ͔ͤ· ͙ Ύ͘·͊͟Υ Visual Question Answering

Closing the Loop Between Video and Language, ICCV Workshop, 2017

CLEVR Dataset

ˤͦͨͪͦͫ·
ͫ͊ͣ·ͻ
͙ͪ͊͘͡;ͤ·ͻ
͙͍ͭͨͦ

ˤͦͨͪͦͫ·,
͔ͭͪ͋ͯΌ΅͙͔ ͔͙͚ͪ͊ͫͫͯ͗͒ͤ

ˤͦͨͪͦͫ·Σ ͔ͭͪ͋ͯΌ΅͙͔
͙͙ͨͦͤͣ͊ͤΎ ͔ͦͤͭͫͭ͊͟͟



Deep Visual Reasoning for VQA: ͎͔͔ͤͪ͊ͭͦͪ ͎ͨͪͦͪ͊ͣͣ

Inferring and Executing Programs for Visual Reasoning, Johnsonet al.,ICCV, 2017

нлмтҌΥ ˽͙͔͔͙͔ͪͣͤͤ ˥˹˿ ͟ ͙͍͙ͫͣͦ͡;͔͙ͫͣ͟ ͒͊ͤͤ·ͣ 
͍ͨͦͦ͘͡Ύ͔ͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͋͊͘· ͙͚ͤ͊ͤ͘ ͙ ͎͙ͦ͡;͔͙͚ͫ͟ 
͍·͍ͦ͒ ͒͡Ύ ͙͊ͤ͊͊͘͡ ͒͊ͤͤ·ͻ ͦ ͔ͪ͊͡Έͤͦͣ ͙͔ͣͪ  

2017:
˾͔ͯ͘͡Έͭ͊ͭ 
͔͍ͨͪͦͫͻ͙ͦ͒ͭ 
͔ͪͯ͘͡Έͭ͊ͭ· 
;͔͍͔ͦ͊͟͡Η

нлмтΥ ˮˮ-м ͍͔ͫͭͪ;͔͊ͭͫΎ ͫ ˮ -ˮ2!!!

ˤͦͨͪͦͫ·Σ ͔ͭͪ͋ͯΌ΅͙͔ ͔͙͚ͪ͊ͫͫͯ͗͒ͤΥ CLEVR Dataset



2018: ˽ ͎ͪͦͤͦ͘ ͙ͫͦ͒͊ͤ͘Ύ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ˮˮ
όͤ͊ ͙͔͔ͨͪͣͪ ͔ͪͦ͋ͦͭͦͭͻ͙͙ͤ͟)

˹͍͙͎͊͊ͼ͙Ύ

˻͋ͪ͊͋ͦͭ͊͟
͔ͫͤͫͦͪͤ·ͻ
͒͊ͤͤ·ͻ
ό͔͙͔ͪͤ͘ΣΧύ

˸͊΄͙͔ͤͤͦ
ͦ͋ͯ;͔͙͔ͤ
ό͙͊ͤ͊͘͡
͒͊ͤͤ·ͻύ

͍͔͙͔̂ͨͪ͊ͤ͡
ό͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ 
͙͙ͦͨͭͣ͊͘ͼ͙ΎΣ
͙͎ͪ·ΣΧύ

ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ 
͙͔͔ͤͭͭ͟͡͡
ό͋͊͘· ͙͚ͤ͊ͤ͘Σ
͎͙ͦ͊͟͡Σ

͔͙ͪ͊ͫͫͯ͗͒ͤΎύ

ˤͭͦͪ͊Ύ ͍ͦͤ͊͡
͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟
͔͍ͪͦ͡Όͼ͙͙Υ
͎͔ͯ͋ͦͦ͟͡
ͦ͋ͯ;͔͙͔ͤҌ
ͦͣͨ͟ΈΌ͔͔ͭͪͤͦ
͔͙͔ͪͤ͘Ҍ
͋͊͘· ͙͚ͤ͊ͤ͘Ҍ
͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟
͔͙ͣͦ͒͡Ҍ
͙͔ͫͫͭͣ·
͎͙ͦ͡;͔͎ͫͦͦ͟
͍·͍ͦ͒͊Ҍ
͍͙͊ͭͦͣ͊ͭ;͔͔ͫͦ͟
͎͙͍͙͔ͨͪͦͪ͊ͣͣͪͦ͊ͤҌ
ͦ͋΅͔͙͔ͤ ͫ ;͔͍͔ͦͦͣ͟͡
ͤ͊ ͔͔͍͔ͫͭͫͭͤͤͦͣ Ύ͘·͔͟Ҍ ͔ͨͦ͋͒͊ ͍ ͎+ͦ
ͦ͋ͯ;͔͙͔ͤ ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡ + ͫ ͔͙ͭΣ ͦ͋ͯ;͊Ό΅͙͔ ͔͙ͫͭ  

ˤ͔ͫ ͔ͤͦ͋ͻ͙͔ͦ͒ͣͦ 
͒͡Ύ ͍͊ͭͦͤͦͣͤ·ͻ 

͙͔ͫͫͭͣΗ

˽͎ͪͦͤͦ͘ ˮˮΥ
2020+ 



˥ͯ͋ͦ͊͟͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙Ύ 
όͤ͊ ͙ͨͯͭ ͟ ͔͍ͪͦ͡Όͼ͙͙
͍ ͔ͭ ͻ͙͔ͤ͟Σ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ 

͍͔͙͙ͯͨͪ͊ͤ͡ ͙͔͋ͤͫ͘-ͨͪͦͼ͔͙ͫͫ͊ͣύ



˹͊ ͫ͊ͣͦͣ ͔͔͒͡ ͔ͤͭ ͙͎ͤ͊ͦͦ͟͟ 
ͨͪͦͪ·͍͊ ͍ ͔ͣͭͦ͒͊ͻ ˮˮ -͔ͫͭΈ 
ͨͪͦͪ·͍ ͍ ͔ͣͭͦ͒͊ͻ ͦ͊͟͡͡Έ͚ͤͦ 
͙͙ͦͨͭͣ͊͘ͼ͙͙Σ ͍ͫΎ͊ͤͤ͘·͚ ͫ 
͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ˥˹˿.

˸· ͙͔͔ͣͣ ͔͒ͦ͡ ͔ͤ ͫ ͍ͤͦ·͙ͣ 
͔͙ͣͭͦ͒͊ͣ ͙ ͨͦ͒ͻ͙ͦ͒͊ͣ ͍ ˮˮΣ
͊ ͫ ͍͚ͤͦͦ ͎͚ͪͯͨͨͦ ͣͦ΅ͤ·ͻ 
͙͔͔ͤ͗ͤͪͤ·ͻ ͔͍ͣͭͦ͒ͦΥ 
ζ͎͙͙ͯ͋ͦͣ͟͡η ͔͙ͣͭͦ͒͊ͣ 
͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΣ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ 
͙͙ͦͨͭͣ͊͘ͼ͙͙.

˶͎͙ͦ͊͟ ͍͙͙ͪ͊ͭ͘Ύ Ή͙ͭͻ ͔͍ͣͭͦ͒ͦ 
͙ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· 
͙ͫͦͫͭͦͭ ͍ ͔͔ͨͪͻ͔ͦ͒ ͦͭ ͊͒͊͘; 
͙ͦ͋ͪ͊͋ͦͭ͟ ͙ ͙͊ͤ͊͊͘͡ 
͙ͤͺͦͪͣ͊ͼ͙͙ ͟ ͊͒͊͘;͊ͣ 
͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙Φ

˹͊͋͡Ό͔͙͔͒ͤ ͊͘ 
ͦ͋Ά͔ͭͦͣ͟

(CNN, ͘ ͔͙͔ͪͤΣ ͔ͪ;ΈΣ 
͙͎ͫͤ͊͡·Σ BigData)

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ όGAN)
͍͔͙͔̂ͨͪ͊ͤ͡ ͦ͋Ά͔ͭͦͣ͟ όDRL)

˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͙ͦ͋͊͟͡ ͦ͋Ά͔ͭ͊͟ όDRL)

˥˹˿ ͎ͣͦͯͭ ͔ͪ΄͊ͭΈ ͡Ό͋·͔ ͊͒͊͘;͙Σ ͦͭͦͪ͟·͔ 
ͺ͙ͦͪͣͯͪͯ͡ΌͭͫΎ ͊͟͟ ͊͒͊͘;͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙Φ

˽͔͔͙͍ͪͫͨͭͤ͟·͔ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͙͔ͫͫͭͣ· 
ͤ͊ ͍͔ͦͫͤͦ ˥˹˿ Ήͭͦ ͔ͯ͗ ͔ͤ ͭͦ͡Έͦ͟ ˿́˭ ͙ ͔͒͊͗ 
͔ͤ ͭͦ͡Έͦ͟ ζ͍͚͋ͦͪͭͦͦ ͙͔͔ͤͭͭ͟͡͡ηΗ ̏ͭͦ ͨͪͦ
͍͔ͫ ͊͒͊͘;͙͙ͫͦ͒͊ͤ͘Ύ ͙ ͙͔͔͙ͨͪͣͤͤΎ όͦͭ 
͙ͦ͋͊͟͡ ͙ ͎͙͍͊ͦͪͭͣͦ͡ ͒ͦ ͙͙ͦͨͭͣ͊͘ͼ͙͙ 
͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙ύ ͙͔͙͚͒͘͡.

˥ͯ͋ͦ͊͟͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙ΎΥ ͍͎͘͡Ύ͒-2019ͤ͊ ͔͍ͪͦ͡Όͼ͙Ό ˥˹˿ ͙ ͔͔ ͔͔͙͍ͨͪͫͨͭ͟· 

2020+:
͙ͨͪ 
ͨͦͣͦ΅͙ 
˥˹˿ 
͔ͣͦ͗ͭ
͋·ͭΈ
ͫͦ͒͊ͤ͘ 
ζͫ͊͋͡·͚η
͍͚͋ͦͪͭͦͦ
ˮˮΧ
ͤͦ Ήͭͦ ͔ͤ 
͎͍͔͊ͤͦ͡ -
˥˹˿
͎ͣͦͯͭ
͒͊ͭΈ
͔ͤ͊ͯ͟ ͙ 
͔ͭͻ͙͔ͤ͟
͎ͦͪ͊͒ͦ͘ 
͋ͦ͡Έ΄͔Η    



˽͔͔ͪͻͦ͒ ͦͭ ͎͎ͯ͋ͦͦͦ͟͡ ͦ͋ͯ;͔͙ͤΎ ͟ ͎͚ͯ͋ͦͦ͟͡ ͙͙ͦͨͭͣ͊͘ͼ͙͙ 

˽ͦͫͦ͟͡Έͯ͟ ͙͔͔͙͔ͨͪͣͤͤ ˥˹˿ 
͍ ͙͙ͦͨͭͣ͊͘ͼ͙ͦͤͤ·ͻ ͊͒͊͘;͊ͻ 
ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ 
ͦ͊͊ͦͫ͘͟͡Έ ;͔͍ͪ͘·;͚͊ͤͦ 
Ήͺͺ͔͙͍ͭͤ͟·ͣ,
͙ͻ ͤ͊;͙͊͡ ͙͍͊ͭͤͦ͟ 
͙͔ͨͪͣͤΎͭΈ ͙ ͒͡Ύ ͔ͪ΄͔͙ͤΎ 
͎͙͒ͪͯͻ ͊͒͊͘; ͙͙ͦͨͭͣ͊͘ͼ͙͙Χ

ɺʳʭʦʜʳ 

ʩʝʪʠ
ʆʪʚʝʪʳ 

ʫʯʠʪʝʣʷ

ʇʨʦʠʟʚʦʜʥʘʷ ʦʰʠʙʢʠ ʤʝʥʷʝʪ ʚʝʩʘ

ʇʨʠʤʝʨʳ ʆʰʠʙʢʠ

¸

˻͋ͯ;͔͙͔ͤ Ґ ˻͙͙ͨͭͣ͊͘ͼ͙ΎΥ ͙͙͙ͣͤͣ͊͘ͼ͙Ύ ͦ΄͙͋ͦ͟ ͤ͊ ͍·͔͋ͦͪ͟



˥ͯ͋ͦ͊͟͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙ΎΥ ͊͟͟ ͙ ͨͦ;͔ͣͯ Ήͭͦ ͔ͪ͊͋ͦͭ͊ͭΚ

ˤ ͍͔ͦͫͤͦ ͔͗͊ͭ͡ ͍͒͊ ͺ͊ͭ͊͟Υ
мΦ ˤ͔ͫ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͙ͣͦ͒͡ 
͙ͦͨͫ·͍͊ΌͭͫΎ ͎ͪ͊ͺ͙͊ͣ
нΦ ˤ͔ͫ ͊͒͊͘;͙ ͙͚ͨͪ͊͒ͤͦ͟͡ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔ͪ΄͊ΌͭͫΎ ͊͟͟ ͊͒͊͘;͙ 
͙͙ͦͨͭͣ͊͘ͼ͙͙ ͤ͊ ͎ͪ͊ͺ͊ͻ

˴͔͊ͦ͟ ͦͭͤͦ΄͔͙͔ͤ Ήͭͦ ͙͔͔ͣͭ ͟ 
͔͚͔ͤͪͦͫͭΎͣ?

ˤͦͭ ͔͊ͦ͟͟Υ
мΦ ˥͙͔ͯ͋ͦ͟͡ ˹͔͚͔͙͔͔ͪͦͫͭͭͨͪΈ 
͔ͯͣΌͭ ͦ͋ͪ͊͋͊ͭ·͍͊ͭΈ ͎ͪ͊ͺ·
(DeepGraphEmbedding)
нΦ ˥˹˿ ͤ͊ ͎ͪ͊ͺ͊ͻ ͎ͣͦͯͭ ͍·ͯ;͙͍͊ͭΈ 
͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͪ͊͡Έͤ·ͻ ͊͒͊͘;Σ 
ͦͭͦͪ͟·͔ ͯͨͪͦ΅͊Όͭ ͙ ͯͯ͡;΄͊Όͭ 
͔ͪ΄͔͙͔ͤ ͊͒͊͘; ͙͙ͦͨͭͣ͊͘ͼ͙͙Φ

˽ͦ;͔ͣͯΚ ˴͊͟ Ήͭͦ ͔ͪ͊͋ͦͭ͊ͭΚ

˥ͪ͊ͺ Ґ ͔ͣͦ͒͡Έ όΉ͔͔ͣͤͭ͡· Ҍ ͍ͫΎ͙͘ύ



Deep Graph Embedding: ͎͙͔ͯ͋ͦ͟͡ ͔͙ͫͭ ͤ͊ ͎ͪ͊ͺ͊ͻ

͍͔̂ͪͦͤΈ м ͍͔̂ͪͦͤΈ н ͍͔̂ͪͦͤΈ о

˹͊ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύͻ ͎͙͔ͯ͋ͦ͟͡ ͔͙ͫͭ ζ͙ͫͤͯ͘ ͍͍͔ͪͻη ͍·;͙ͫ͡ΎΌͭ ͫͭͪͯͭͯͪͤ͟·͔ ͙͙ͨͪͤ͊͘͟ 
ͨͦ ͔ͦͪͫͭͤͦͫͭ͟Ύͣ ͎ͪ͊ͤͦͦ͘ ͣ͊ͫ΄ͭ͊͋͊

˭ͤ͊;͙ͭΣ ͙ ͤ͊ ͎ͪ͊ͺ͊ͻ ͤ͊ͣ ͤͯ͗ͤ͊ ͙͔ͫͫͭͣ͊ ζͦͦ͟΄͔͟η ͎ͪ͊ͤͦͦ͘ ͣ͊ͫ΄ͭ͊͋͊

˻͙ͨͫ·͍͔͊ͣ ͯͫͦ͟;͙͟ ͎ͪ͊ͺ͊ ͍͔͙ͭͦͪ͊ͣ͟ ͙͍ͨͪͤ͊ͦ͘͟Σ ͨͦͭͦͣ ͙͔ͫͦ͋ͪ͊ͣ ͙͘ ͙ͤͻ 
͙͙ͨͪͤ͊͘͟ ͋ͦ͡Έ΄͙ͻ ͯͫͦ͟;͍ͦ͟Σ ͙ ͭ͊͟ ςͨ ͦ͊͟ ͔ͤ ͙ͦͨ΄͔ͣ ͍͔ͭͦͪͦͣ͟ ͍͔ͫΈ ͎ͪ͊ͺ

˥˹˿ ͍͔ͯͪͦͤΈ ͊͘ ͍͔ͯͪͦͤͣ ͙ͫͦ͋ͪ͊Όͭ ͫͦ͗ͤ͡·͔ ͦ͋ͪ͊͘· ͙͘ ͨͪͦͫͭ·ͻΗ



˥ͯ͋ͦ͊͟͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙Ύ ͍ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͊͒͊͘;͊ͻ 

˥˹˿ ͎ͣͦͯͭ Ήͺͺ͔͙͍ͭͤͦ͟ ͍·ͯ;͙͍͊ͭΈ Ή͍͙͙͙ͪͫͭ͟ 
ͪ͊͋ͦͭ· ͫ ͎ͪ͊ͺ͙͊ͣ ͍ Ή͙ͭͻ ͊͒͊͘;͊ͻΦ 
˴͊͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͪ͊͡Έͤ·͔ ͊͒͊͘;͙ ͍ ;͊ͫͭͤͦͣ 
ͫͯ͡;͔͊ ͎ͤ͊ͣͤͦͦ ͨͪͦ΅͔Σ ;͔ͣ ͍ ͦ͋΅͔ͣΦ
˥˹˿ ͎ͣͦͯͭ ͍·ͯ;͙ͭΈ ͔ͤΎ͍ͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ 
͙ͨͪ͊ͭ͟;͔͚ͫͦ͟ ;͚͊ͫͭͤͦ ͊͒͊͘;͙ ό͔͙͍͔͔ͤͫͭͤͦ͘ 
͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͫͯ͡;͚͊ͤ·ͻ Ή͔͔͍ͣͤͭͦ͡ύ ͙ 
͍·͙ͪ͊ͭ͘Έ ͙ͻ ͍ Ή͍͙͙ͪͫͭ͊͟ͻ ͔͔ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ 
͔ͪ΄͔͙ͤΎΦ

˭͊͒͊;͊ ͙͍ͦͣͣͦ͟Ύ͖͗ͪ͊

˭͊͒͊;͊ ͦͺ͙ͼ͙͊ͤͭ͊

˿
˶
˻
ˬ
˹
˻
˿
́
̎
 
˭
ˢ
˨
ˢ
̉
ˮ

˾͔͊͡Έͤ͊Ύ
͙ͨͪ͊ͭ͟;͔ͫ͊͟Ύ
͊͒͊͘;͊

NP-ͭͪͯ͒ͤ͊
ό͔ͤ ͔ͪ΄͔͊ͭͫΎ ͊͘ 
͙͙ͨͦͤͦͣ͊͡͡Έ͔ͤͦ 

͍͔ͪͣΎύ

??????
̏ͺͺ͔͙͍ͭͤ͊͟Ύ 
Ή͍͙͙ͪͫͭ͊͟ 

͔ͤͦ;͔͍͙͒ͤ͊ ͒͡Ύ 
;͔͍͔ͦ͊͟͡Σ ͤͦ 
͔ͣͦ͗ͭ ͋·ͭΈ 
ͪ͊ͫͨͦͤ͊ͤ͊͘ ˥˹˿  

˻;͔-͍͙͒ͤ͊
όΉ͍͙͙ͪͫͭ͊͟ 

͔ͪ΄͔͙ͤΎ ͔͎ͦ͟͡ 
͔ͪ͊ͫͨͦͤ͊ͭͫ͘Ύ 
ͨͦ ͦ͋ͪ͊ͯ͘ 

͎ͪ͊ͺ͊ ͊͒͊͘;͙ύ

˽˾ˮ˸˩˾Υ ˸͔͙͊ͭͣ͊ͭ;͔͙ͫ͟ ͒ͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͚͙ͤ͊ͭ 
͙ͦͨͭͣ͊͡Έͤ·͚ όͪ͊ͭ͟;͚͊΄͙͚ύ ͨͯͭΈ ͫ ͍͍ͦͪ͊ͭͦͣ͘Σ 
͔ͨͦͫ΅͊Ύ ͊͗͒͟·͚ ͎ͦͪͦ͒ ͙ͦ͒ͤ ͪ͊͘Σ ͊͘ ͙͙ͨͦͤͦͣ͊͡͡Έ͔ͤͦ 
͍͔ͪͣΎ ͔ͤ͡Έ͘Ύ(NP-ͭͪͯ͒ͤ͊Ύ ͊͒͊͘;͊ύ



Reinforcement Learningό˻͋ͯ;͔͙͔ͤ ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡ύ

˻͔͔ͨͪ͊ͤͭͤͦͤ͊ͯ;͔͙͔ͤ 
= ͦ ͋ͯ;͔͙͔ͤ ͔ͨͯͭͣ 
ͨͦͦ΅͔͙ͪͤΎ ͙͙͡ ͙ͤ͊͊͊ͤ͘͟Ύ 
͚ͫͨͦͤͭ͊ͤͤͦ ͙͍͙͊ͭͤͦͫͭ͟

˴͙͊ͣ͟ ͫͨͦͫͦ͋ͦͣ ͯ;͙ͭΈ ͙͔ͭ͊͟ ͔͙ͫͭΚ
˿ͨͦͫͦ͋ ͦ͊͊ͫ͘͟͡Ύ ͍͒͊ͤͦ ͙͍͔͔ͫͭͤ͘Χ

˥͍͊ͤ͡·͚ ͟͡Ό; ͟ 
͔ͪ΄͔͙ͤΌ
͊͒͊͘; ͎͚ͯ͋ͦͦ͟͡ 
͙͙ͦͨͭͣ͊͘ͼ͙͙:
͎͔ͯ͋ͦͦ͟͡ ͦ͋ͯ;͔͙͔ͤ
ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡ 
͒͡Ύ ͍·ͯ;͙͍͙͊ͤΎ 
Ή͍͙͙ͪͫͭ͟Η 



Human-level control through deep reinforcement learning( Minh, et al. Nature, 2015)

Deep Reinforcement LearningΥ ͦ͋ͯ;͔͙͔ͤ ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡

ÅState ╢: current screen

ÅReward ╡◄: score you earned at current step

ÅAction value function ╠╢ȟ░: 
your predicted future total rewards

ÅAction ░: move your board left / right

ÅPolicy Ⱬ▼: How to choose your action

ˤ͎͔͙͔ͦͤ͊ͪ͊͗͒ͤ͘ ό͍·͙͎ͪ·΄ ͔ͨͦͫ͡ ͻͦ͒͊ύ

˿ͦͫͭͦΎ͙͔ͤ ό;ͭͦ ͍͙͙͒ͣ ͤ͊ Ή͔ͪ͊ͤ͟ύ

˨͔͚͍͙͔ͫͭ ό;ͭͦ ͔͔͒͊ͣ͡ύ

˿͙ͭͦͣͦͫͭΈ  ό͍·͙͎ͪ·΄ ͍ ͋ͯ͒ͯ΅͔ͣύ

˾͔΄͔͙͔ͤ ό͚͊ͦ͟͟ ͻͦ͒ ͍·͋ͪ͊ͭΈύ

˥͍͊ͤ͡·͚ ͟͡Ό; ͟ 
͔ͪ΄͔͙ͤΌ
͊͒͊͘; ͎͚ͯ͋ͦͦ͟͡ 
͙͙ͦͨͭͣ͊͘ͼ͙͙:
͎͔ͯ͋ͦͦ͟͡ ͦ͋ͯ;͔͙͔ͤ
ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡ 
͒͡Ύ ͍·ͯ;͙͍͙͊ͤΎ 
Ή͍͙͙ͪͫͭ͟Η 

̅ͯͤ͟ͼ͙Ύ 
ˣ͔ͣ͊ͤ͊͡͡Η

˿ͻ͔ͣ͊
ͤ͊ͦͣ͊͘͟ ͍͔ͫͣ 
͔ͫͨͼ͙͙͊ͫͭ͊ͣ͡ 
ͨͦ ͔͙͙ͭͦͪ 
͍͔͙ͯͨͪ͊ͤ͡Ύ

˴͙͊ͣ͟ ͫͨͦͫͦ͋ͦͣ ͯ;͙ͭΈ ͙͔ͭ͊͟ ͔͙ͫͭΚ
˿ͨͦͫͦ͋ ͦ͊͊ͫ͘͟͡Ύ ͍͒͊ͤͦ ͙͍͔͔ͫͭͤ͘Σ

͙ ͦͤ ͍ͫΎ͊ͤ͘ ͫ ͊͒͊͘;͙͊ͣ ͍͔͙ͯͨͪ͊ͤ͡ΎΗ



Deep Graph Embedding+ Deep Reinforcement Learning

Learning Heuristics Over Large Graphs Via Deep Reinforcement Learning(Akash Mittal et.al., 2019)

˿͔͎ͦ͒ͤΎ όнлмфύ ͊͒͊͘;͙ ͎͚ͯ͋ͦͦ͟͡ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔ͪ΄͊ΌͭͫΎ ͤ͊ 
͎ͪ͊ͺ͊ͻ ͫ ͙͙͙ͣͦͤ͊ͣ͡͡ ͍͔ͪ΄͙ͤΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͯ͗ ͔͔ͨͪͻ͙ͦ͒ͭΈ ͟ 
͙ͨͪ͊ͭ͟;͔ͫͦͣͯ͟ ͍͔͔͙ͤ͒ͪͤΌ ͍ ͫ͊ͣ·ͻ ͣ͊ͫ΄ͭ͊͋ͤ·ͻ ͙͔͙ͨͪͦ͗ͤ͡Ύͻ 

˿͔͙ͦ͒ͤΎ͔ͣ ͎͙͔ͯ͋ͦ͟͡ ͔͙ͫͭ ͤ͊ ͎ͪ͊ͺ͊ͻ ͙ ͦ͋ͯ;͔͙͔ͤ
ͫ ͨͦ ͔͔͙͔͒ͪͨͤͣ͟͡Υ ͯ;͙ͣͫΎ ζ͙͎ͪ͊ͭΈη ͍ ͙͊ͫͫ͟͡;͔͙͔ͫ͟ 
͊͒͊͘;͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙Σ ͦͭͦͪ͟·͔ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ 
͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͙͔͔͋ͤͫ͘Σ ͎͙͙͔ͦͫͭ͟͡Σ ͔ͭͪ͊ͤͫͨͦͪͭΧ 



Deep Graph Embedding + Deep Reinforcement Learning
͍ ͍͙͊ͭͦͣ͊ͭ;͔ͫͦͣ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭ ͔͔ͭͦͪͣ όнлмт-2019) 

Seen and Thinking, ICCV, 2017

˹͊ ͫ͊ͣͦͣ ͔͔͒͡ ͙͔ͣͤͤͦ ͎ͯ͋ͦ͊͟͡Ύ 
͙͙ͦͨͭͣ͊͘ͼ͙Ύ ͙ ͍͙ͨͦͦ͊͘͡͡ 
ͦ͋Ά͔͙͙͒ͤͭΈ ͦ͋ͯ;͔͊ͣͦͫͭΈ ˮˮ-2
ͫ ͙͔͔ͤͭͭͯ͊͟͡͡͡ΈͤͦͫͭΈΌ ˮˮ-1

¶ Urban, J., Kaliszyk, C., Michalewski, H., and 

hƭǑłƪ, M. (2018). Reinforcement learning 

of theorem proving. In NIPS. 

https://arxiv.org/abs/1805.07563

¶ Automated Theorem Proving in 

Intuitionistic Propositional Logic by Deep 

Reinforcement Learning (2108)

https://arxiv.org/abs/1811.00796

¶ HOList: An Environment for Machine 

Learning of Higher-Order Theorem Proving 

(extended version) (2019) 

https://arxiv.org/abs/1904.03241

¶ https://github.com/tensorflow/deepmath

ˣ͔͔ͦ͡ ͍͔͔ͫͦͪͣͤͤ·͔ ͪ͊͋ͦͭ·Υ

https://arxiv.org/abs/1805.07563
https://arxiv.org/abs/1811.00796
https://arxiv.org/abs/1904.03241
https://github.com/tensorflow/deepmath


˻͋ͯ;͔͙͔ͤ ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡. Q-Learning.
32 GPU (˽ ͔ͪ͒·͒ͯ΅͙͚ ͍͙͊ͪ͊ͤͭ улл GPU)

https://arxiv.org/pdf/1708.05552.pdf

Deep Graph Embedding + Deep Reinforcement Learning 
˥͙͔ͯ͋ͦ͟͡ ͔͙ͫͭ ͺ͙ͦͪͣͪͯΌͭ ͙ ͯ;͊ͭ ͎͙͔ͯ͋ͦ͟͡ ͔͙ͫͭ

Practical Network Blocks Design with Q-Learning, CVPR-2017

˥ͯ͋ͦ͊͟͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙Ύ 
ςͦ ͍ͫͤͦ͊ AutoML

́Φ͔Φ ͔ͪ;Έ ͔ͤ ͙͔͒ͭ ͦ 
͍͔͔͙͙ͤ͒ͪͤ ˮˮ ͍ 
ͦ͋͊ͫͭ͡Έ ͍͔͙ͯͨͪ͊ͤ͡Ύ 
͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙Φ
ˤ˿˩ ˹ˢ˻ˣ˻˾˻́: 
˸͔ͭͦ͒· ͎͎ͯ͋ͦͦͦ͟͡ 
͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ 
͙͙ͦͨͭͣ͊͘ͼ͙͙ 
͍͔ͤ͒ͪΎΌͭͫΎ ͍ 
͙ͦ͋͊ͫͭ͡ ˮˮΗ



(ǨǷǫǩǴ 21)47

Chess - ǨǦǶǮǦǳǸǴǨ

Go - ǨǦǶǮǦǳǸǴǨ

ǘǲǧǰǫ: ǉ.ǘ.ǘǳǵǲǯǴ, ǘ.Ǔ.ǘǵǱǵǲǵǩ,2018

ǏǖǓ ǯǳ. Ǔ.ǉ. ǑǬǲǫȂǿǧ ǗǇǔ (ǛǏǝ)

ʊʝʭʥʦʣʦʛʠʷ ʦʙʫʯʝʥʠʷ: ʩʝʪʴ 

ʤʥʦʛʦʢʨʘʪʥʦ ʠʛʨʘʝʪ ʩʘʤʘ ʩ ʩʦʙʦʡ ʠ 

ʚʳʫʯʠʚʘʝʪ ʵʚʨʠʩʪʠʢʠ ʦʮʝʥʢʠ ʩʠʪʫʘʮʠʡ

2017: ʩʝʪʴ ʚʳʠʛʨʘʣʘ ʫ ʯʝʤʧʠʦʥʘ ʧʦ ʠʛʨʝ ʚ ɻʆ
(ʠʛʨʘ ʩ ʢʦʤʙʠʥʘʪʦʨʥʳʤ ʚʟʨʳʚʦʤ, ʥʝʣʴʟʷ ʧʨʦʩʯʠʪʘʪʴ)

ǊǲǺǨǵǱǧȆ 

ǵǶǹǯǳǯǮǧǽǯȆ

ǩ ǯǪǷǵǩȂǼ 

ǮǧǫǧǾǧǼ

ǯ ǮǧǫǧǾǧǼ 

ǺǶǷǧǩǲǬǴǯȆ 



ǊǲǺǨǵǱǧȆ 

ǵǶǹǯǳǯǮǧǽǯȆ

ǩ ǯǪǷǵǩȂǼ 

ǮǧǫǧǾǧǼ

ǯ ǮǧǫǧǾǧǼ 

ǺǶǷǧǩǲǬǴǯȆ 

2018: ɺ ʚʦʝʥʥʦ-ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʛʨʘʭ 

ʩʝʪʠ ʧʦʢʘ ʧʨʦʠʛʨʳʚʘʶʪ ʯʝʣʦʚʝʢʫ, ʥʦ 

ʩʫʜʷ ʧʦ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ, ʥʘʯʥʫʪ 

ʚʳʠʛʨʳʚʘʪʴ ʯʝʨʝʟ 2-3 ʛʦʜʘ (2020+)

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ɻʅʉ ʜʦʣʞʥʳ ʧʦʟʚʦʣʠʪʴ ʦʧʝʨʘʪʠʚʥʦ ʩʪʨʦʠʪʴ 

ʤʦʜʝʣʠ ʪʘʢʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʠ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ

StarCraft II - ǵǴǱǳǴǼǫǳǳȁǯ ǸǦǰǸǮǽǫǷǰǮǯ ǨǴǫǳǳȁǯ 

ǷǮǲǹǱȅǸǴǶ Ƿ ǹǵǶǴǿȆǳǳǴǯ ǲǴǪǫǱȂȄ ǨǫǪǫǳǮȅ ǧǴȅ.



ǊǲǺǨǵǱǧȆ 

ǵǶǹǯǳǯǮǧǽǯȆ

ǩ ǯǪǷǵǩȂǼ 

ǮǧǫǧǾǧǼ

ǯ ǮǧǫǧǾǧǼ 

ǺǶǷǧǩǲǬǴǯȆ 

ɻʅʉ ʩʪʨʦʷʪ ʤʦʜʝʣʠ ʪʘʢʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʠ ʧʨʦʚʦʜʷʪ 

ʘʥʘʣʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ

ɺ ʚʦʝʥʥʦ-ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʛʨʘʭ ʩʝʪʠ 

ʧʦʢʘ ʧʨʦʠʛʨʳʚʘʶʪ ʯʝʣʦʚʝʢʫ, ʥʦ ʩʫʜʷ ʧʦ 

ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ, ʥʘʯʥʫʪ 

ʚʳʠʛʨʳʚʘʪʴ ʯʝʨʝʟ 2-3 ʛʦʜʘ (2020+)

StarCraft II - ǵǴǱǳǴǼǫǳǳȁǯ ǸǦǰǸǮǽǫǷǰǮǯ ǨǴǫǳǳȁǯ 

ǷǮǲǹǱȅǸǴǶ Ƿ ǹǵǶǴǿȆǳǳǴǯ ǲǴǪǫǱȂȄ ǨǫǪǫǳǮȅ ǧǴȅ.

AlphaStar: Mastering the Real -Time Strategy 

Game StarCraft II

25 ȅǳǨǦǶȅ 2019 ǩ. ǰǴǲǵǦǳǮȅ DeepMind 

ǴǵǹǧǱǮǰǴǨǦǱǦ ǳǴǨȁǯ ǶǫǱǮǭ - Ǯǻ ǳǴǨǦȅ 

ǩǱǹǧǴǰǦȅ ǷǫǸȂ AlphaStar ǷǽǫǸǴǲ 11:1 

ǵǴǧǫǪǮǱǦ ǨǫǪǹǿǮǻ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳȁǻ 

ǮǩǶǴǰǴǨ Ǩ StarCraft II !!!



ǊǲǺǨǵǱǧȆ 

ǵǶǹǯǳǯǮǧǽǯȆ

ǩ ǯǪǷǵǩȂǼ 

ǮǧǫǧǾǧǼ

ǯ ǮǧǫǧǾǧǼ 

ǺǶǷǧǩǲǬǴǯȆ 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳǔǸǱǮǽǳǦȅ 

ǳǴǨǴǷǸȂ:

ǹǬǼǴǵǲǵǪǯȆ 

ǫǵǸǹǧǹǵǾǴǵ 

ǸǵǮǷǬǲǧ ǫǲȆ 

ǩǴǬǫǷǬǴǯȆ

ǕǶǴǧǱǫǲǦ:

ǪǵǹǵǩǵǪǵ ǖǕ (ǶǵǱǧ?) 

ǴǬǹ ðǷǬǿǬǴǯȆ 

ǸǯǲȃǴǵ ǮǧǩǯǸȆǹ ǵǹ 

ǸǶǬǽǯǻǯǱǯ ǳǵǫǬǲǯ

ǕǶǴǧǱǫǲǦ:

ǶǵǹǷǬǨǺǬǹǸȆ 

ǳǴǵǪǵ 

ǱǵǳǶȃȅǹǬǷǴȂǼ

ǷǬǸǺǷǸǵǩ

ɹʠʟʥʝʩ-ʦʧʪʠʤʠʟʘʮʠʷ

ʠ ʫʧʨʘʚʣʝʥʠʝ

ʆʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʦʝ

ʠ ʛʨʫʧʧʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ

ǓǦǨǮǩǦǼǮȅ

ǍǶǫǳǮǫ

ǔǧǹǽǫǳǮǫ

ǙǵǶǦǨǱǫǳǮ

ǫ

ǍǳǦǳǮȅ

ɸʚʪʦʥʦʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ

ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʦʙʣʠʢʘ ʠʟʜʝʣʠʡ



ǗǬǿǬǴǯǬ ǮǧǫǧǾǯ ǶǲǧǴǯǷǵǩǧǴǯȆ/ǵǹǷǧǭǬǴǯȆ

ǧǹǧǱǯ ǪǷǺǶǶ ǈǒǇ Ǵǧ ǴǧǮǬǳǴȂǬ ǵǨȁǬǱǹȂ

Ȭɗɏɚɜɔɞɘɧ:
multi -agent RL
Human -level performance in first -person 

multiplayer games with population -based 

deep reinforcement learning . 2017

population based RL
Human -level performance in first -person 
multiplayer games with population -based 
deep reinforcement learning 2018

actor -critic
IMPALA: Scalable Distributed Deep -RL 
with Importance Weighted Actor -Learner 
Architectures. 2018

Å ȸɚɐɑɗɔɜɚɎɌəɔɑ 
Ɏɝɑɡ ɝɚɎɜɑɘɑəəɧɡ 
ɝɜɑɐɝɞɎ-ɛɚɜɌɒɑəɔɫ 
ȻȮȺ ɔ ȮȮȽ 

Å ȸɚɐɑɗɔɜɚɎɌəɔɑ 
ȭȷȬ ɔ ɔɡ əɚɝɔɞɑɗɑɕ

Å ȸɚɐɑɗɔɜɚɎɌəɔɑ 
ɚɝɚɍɑəəɚɝɞɑɕ 
ɜɌɍɚɞɧ ɝɜɑɐɝɞɎ ȼɉȭ

Å ȸɚɐɑɗɔɜɚɎɌəɔɑ 
ɜɑɗɨɑɠɌ ɔ ɜɌɍɚɞɧ 
ȼȷȽ

Å ȸɚɐɑɗɔɜɚɎɌəɔɑ 
ɝɞɜɟɖɞɟɜɧ ȮȽ ɔ 
ɛɚɐɜɌɓɐɑɗɑəɔɕ

Å Ȯɚɓɘɚɒəɚɝɞɨ 
ɎɚɓɎɜɌɞɌ ɔ ɛɚ 

Ɏɜɑɘɑəɔ

ȶɚɘɛɨɪɞɑɜəɌɫ ɘɚɐɑɗɨ 

ȻȮȺ ɔ ȭȷȬ ȯɚɝȹȴȴȬȽ

ˢ͔ͨͪ͡Έ нлмфΥ U.S. Army Research, 
Development and Engineering 
Command (RDECOM) Research 
Laboratory͙  U.S. Army Research 
Laboratory (ARL) ͫͦͦ͋΅͙͙͡ ͦ ͔ͪ΄͔͙͙ͤ 
͍ нлмф ͎Φ ͫͦ͒͊ͭ͘Έ ˢ͔͚͙͚ͪͣͫ͟ 
ˮ͍ͤͤͦ͊ͼ͙ͦͤͤ·͚ ˮ͙ͤͫͭͭͯͭ 
ˮ͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ˮ͔͔ͤͭͭ͊͟͡͡  ό!нLнύ
͒͡Ύ ͙ͦͦͪ͒ͤ͊͟ͼ͙͙ ͙ ͔͙ͯͫͦͪͤ͟Ύ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ 
͔ͫͨͼ͙ͺ͙;ͤ·ͻ ͒͡Ύ ͙͙͊ͪͣ ͔ͨͪͦ͋ͣ͡ 
͍͙͙ͪ͊ͭ͘Ύ ˮˮ ͍ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡  
͍͎͊ͭͦͤͦͣͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ 
͔͍͙͍ͣ͗͒ͦ·͙ͣ ͔ͦͨͪ͊ͼ͙Ύ͙ͣ

ǐǱȄǽǫǨǦȅ ǸǫǻǳǴǱǴǩǮȅ:

ǴǧǹǽǫǳǮǫ

Ƿ ǵǴǪǰǶǫǵǱǫǳǮǫǲ

ǳǦ ǩǶǦǺǦǻ



Ȭɗɏɚɜɔɞɘɧ:
multi -agent RL
Human -level performance in first -person multiplayer games 

with population -based deep reinforcement learning . 2017

population based RL
Human -level performance in first -person multiplayer games 

with population -based deep reinforcement learning 2018

actor -critic
IMPALA: Scalable Distributed Deep -RL with 
Importance Weighted Actor -Learner Architectures. 
2018

ȺɝəɚɎəɧɑ ɛɜɚɍɗɑɘɧ:
ȸɑɐɗɑəəɌɫ ɘɌɞ. ɘɚɐɑɗɨ

ǕǨǺǾǬǴǯǬ ǫǩǯǭǬǴǯȅ ǧǴǹǷǵǶǵǳǵǷǻǴǵǪǵ ǷǵǨǵǹǧ

(ǷǴǨǲǫǷǸǳǴ Ƿ ǆǔ òǆǳǪǶǴǮǪǳǦȅǸǫǻǳǮǰǦó)

˥ͯ͋ͦ͊͟͡Ύ 
͙͙ͦͨͭͣ͊͘ͼ͙Ύ
͍ ͙͎͍ͪͦ·ͻ 
͊͒͊͘;͊ͻ
͙ ͊͒͊͘;͊ͻ 
͍͔͙ͯͨͪ͊ͤ͡Ύ



˽͔ͦͫ͡ ͎ͭͦͦΣ ͊͟͟ ͒͡Ύ ͔͎ͤͦͭͦͪͦͦ͟ ͦ͋Ά͔ͭ͊͟ ͙͙͡ ͙͔ͫͫͭͣ· ͫͦ͒͊ͤ͊͘ ͒ͦͫͭ͊ͭͦ;ͤͦ ͭͦ;ͤ͊Ύ 
͔͚͍͒ͫͭͯΌ΅͊Ύ ͔ͣͦ͒͡Έ όζͼ͙ͺ͍͚ͪͦͦ ͍͚͙͒ͦͤ͟ηύΣ Ήͭ͊ ͔ͣͦ͒͡Έ ͫͪ͊ͯ͘ ͔ͣͦ͗ͭ ͋·ͭΈ 
͙ͫͨͦ͡Έ͍ͦ͊ͤ͊͘ ͒͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙͙ Ή͎ͭͦͦ ͦ͋Ά͔ͭ͊͟Σ ͙͋ͦ͡ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙ͤ͊ͯ͡;΄͙ͻ 
͎͙͍͊ͦͪͭͣͦ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͙ͤͣΦ ̏ͭͦ ͍ ͍͚ͪ͊ͤͦ ͔͔͙ͫͭͨͤ ͙ͦͭͤͦͫͭͫΎ ͟ ͙͔͙͒͘͡ΎͣΣ 
͙ͻ ͎ͪͯͨͨ͊ͣΣ ͍͚͍ͦͫͦ͟·ͣ ͔͙͔͙ͫͦ͒ͤͤΎͣ ͙͙͡ ͔͗ ͨͪͦͣ·΄͔ͤͤ͡·ͣ ͔͙ͨͪ͒ͨͪΎ͙ͭΎͣΦ

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ Ήͭ͊ͨ ͙ͫͦ͒͊ͤ͘Ύ ͙ ͙͔͔͙ͨͪͣͤͤΎ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ 
ζ͎͚ͯ͋ͦͦ͟͡ ͙͙ͦͨͭͣ͊͘ͼ͙͙η ͙͔͙͚͒͘͡ ͙ ͨͪͦͼ͔͍ͫͫͦ ͤ͊ ͍͔ͦͫͤͦ ˥˹˿ Ύ͍͡Ύ͔ͭͫΎ 
͎͙ͦ͡;͔͙ͫͣ͟ ͔͙͔ͨͪͦ͒ͦ͗ͤͣ͡ Ήͭ͊ͨ͊ ͙ͫͦ͒͊ͤ͘Ύ ζͼ͙ͺ͍ͪͦ·ͻ ͍͚͙͍͒ͦͤͦ͟η

ζ˥ͯ͋ͦ͊͟͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙Ύη ͊͟͟ ͼ͔͡Έ ζͼ͙ͺ͍͙ͪͦ͊͘ͼ͙͙η

˹͊͋͡Ό͔͙͔͒ͤ ͊͘ 
ͦ͋Ά͔ͭͦͣ͟

(CNN, ͘ ͔͙͔ͪͤΣ ͔ͪ;ΈΣ 
͙͎ͫͤ͊͡·Σ BigData)

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ όGAN)
͍͔͙͔̂ͨͪ͊ͤ͡ ͦ͋Ά͔ͭͦͣ͟ όDRL)

˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͙ͦ͋͊͟͡ ͦ͋Ά͔ͭ͊͟ όDRL)
˶͎͙ͦ͊͟ 

͍͙͙ͪ͊ͭ͘Ύ ͙ 
͍͔͔͙ͤ͒ͪͤΎ 
ζ͎͙ͯ͋ͦ͟͡ͻη 
͔ͭͻ͎͙͚ͤͦͦ͡Υ
ͦͭ ͙ͦ͋ͪ͊͋ͦͭ͟ 
͙ͤͺͦͪͣ͊ͼ͙͙
͟ ͍͔͙ͯͨͪ͊ͤ͡Ό 
͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙

ˣ͊ͤ͟ ͒͊ͤͤ·ͻ
˽͊ͭ͡ͺͦͪͣ͊ ͫ͋ͦͪ͊ 
͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ

ˣ͊ͤ͟ ͺͯͤ͟ͼ͙͚
˸͙ͦ͒ͯ͡ ͙ͦ͋ͪ͊͋ͦͭ͟
͙ ͊ͤ ͙͊͊͘͡ ͒͊ͤͤ·ͻ

͙̇ͺ͍͚ͪͦͦ 
͍͚͙͒ͦͤ͟

˥͙͚ͯ͋ͦ͟͡ 
͙͙ͦͨͭͣ͊ͭͦͪ͘



˻ͭͪ͟·ͭ·͔ ͔ͨͪͦ͋ͣ͡·
ό͎ͯͪͦ͘·Σ ͍·͍ͦ͘·Σ ͔ͤ͊͒͗͒·ύ

˹͊ ͙͔ͨͪͣͪ͊ͻ ͙͘ ͙ͦ͋͊ͫͭ͡ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͔͙ͪͤ͘Ύ
ͨͦ ͔͙ͣ͊ͭͪ͊͊ͣ͡ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ ICCV-2019(27.10-02.11.2019)



ˢ͙ͭ͊͟ ͤ͊ ͔͚͔͙ͤͪͦͫͭ
(Adversarial Attack)



ˢ͙ͭ͊͟ ͤ͊ ͪ͊ͫͨͦͤ͊͘Ό΅͙͔ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭ

Once a MAN: Towards Multi-Target Attack via Learning Multi-Target Adversarial 
Network Once, ICCV-2019, JiangfanHan, XiaoyiDong, RuimaoZhang, Dongdong
Chen, WeimingZhang, NenghaiYu, Ping Luo, XiaogangWang

Sparse and ImperceivableAdversarial Attacks
Francesco Croce, Matthias Hein
University of Tubingen



ˢ͙ͭ͊͟ ͤ͊ ͙͍ͨͦͫͦ͟·͔ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭ

Universal Perturbation Attack Against Image Retrieval
Jie Li, Rongrong Ji, Hong Liu, Xiaopeng Hong, Yue Gao, Qi Tian

Distilling!


