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ǀἶ ǁ

ɔɶɞǮǶƼ ῁ἶ
ɅȡɶɕɧɶɉɱȮ ƽǓ
șẎǔǖẀǏƲ1) ǫǵ ἶ
( ₉ǉȑ/ ₉ǱǞ/▌ӓἶ )Ʋ2)
Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ

(CNN)ȋ3)ɨȩɪɱɆɉɤɶɧɩ
ɋɁɆɭɶȭ (RNN) Ǔ ḹǞǦ
ǚǯș ǠȒƳ
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4.1 3 ɔɶɞ
Ƽ ἶ Ʋ ῁ἶ ǵ ̈ƽ(1)

1990₴
ʝ Ḹ : ᶮ ↑ʺᾚǲȏȒTRECɲ ̝ (1992)

ʝ ɅɶȽɜȢɉɱȮ:ᶮ ̝ ȋȶɡɶɈɩǵ ʣȑ

ʝ Ȧɱȶɱ:Google(1998)

2000₴
ʝ ȤȥɔǵⅎǓȑ:1995₴ǲǶ1ʠȳȢɆƲ

  2006₴ǲǶ1ϤȳȢɆ

ɶ ɑɁȮɅɶȽ

ɶ Ẏ ǵɅɶȽș ǋǦ ἶ ǵὕ ӓ

2006₴ ʢ Alɔɶɞ
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4.1 3 ɔɶɞ
Ƽ ἶ Ʋ ῁ἶ ǵ ̈ƽ(2)

ƨȱɱɒɣɶȽ ǒȐǉǪǦɉɣɶ
ɧɩɋɁɆɭɶȭǵẉ῁ӓǵ
Ń ẎǱ ȱȷɆǓᵂ ǯǱǪǭ Ȑṷ̈̄ ǞǭǋǦƳ

͈ǏǷƲȱɱɒɣɶȽǵ ǵ1˲ǯ ȖȓȒ Ɍ
ȢɜɱǶƲ Ƽ˲› ǯ ⁫Ṕ ƽȋƼ ⁫Ṕ
ȨɶɆɜɆɱǵ ƽ ǮƲ˲ ǵ ȋɉɣɶɫɱ

ǵҲǔșƲ ⁫Ṕ ǠȒ Ҳ ȨɶɆɜɆ
ɱ ǵɕɫȮɧɞǯǞǭὕ ǠȒ ș ǞǭǋȒƳ

ŃɎɶȹɔɆɫɱǵ ḹ
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4.1 3 ɔɶɞ
Ƽ ἶ Ʋ ῁ἶ ǵ ̈ƽ(2)

ƨ1958₴Ⱳ ἶ ǵɓɧɱȭɵɫɶȺɱɔɧɁ
ɆǓ ǞǦƼɏɶȹɕɆɫɱƽ
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ǵ ǵᴇș ǠȒɋɁɆɭɶȭ
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ǵ ǵᴇș ǠȒɋɁɆɭɶȭǵ͈
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ȓ῁
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ǀ֓ ǁD,E,ɧɟɩɍɶɆ:PDP

ɠɅɩɢ ἶǯɉɣɶɫɱ
ᶥ ǵ ,1989₴



4.1 3 AIɔɶɞ
Ƽ ἶ Ʋ ῁ἶ ǵ ̈ƽ(3)
2006₴ǲɉɣɶɧɩɋɁɆɭɶȭǵ̈

Ǳ ǮǉȒȶȥɓɨɶɵɐɱɆɱȐǵ
ȿɶɞǓƲѰ ɚɩɂɜɱɜȵɱǲȏȒ

ȨɶɆȦɱȱɶȾǵ ῁ӓ(Ʌȡɶɕɉɣɶɧ
ɩɋɁɆɭɶȭ(DNN))ǲ ҚǞƲ ǓПǺ

ș ȈȒȏǍǲǱǪǦƳ

ֿ ǲƲȱɱɒɣɶȽǵɍɶɇר ǵל
Ǳ ȋƲCPUȏȑȉӴ Ǳ ǵʱѦы ǲ
ϮȓǦGPUǵ̭͔ ӓǲȏȑƲ2012₴ ǒȐǶ
ל ǲ Ǔ ǯǱȑƲ ʢ ˲›
ɔɶɞǓѮ ǞǦƳŃȷɶɏɶȱɱɒɣɶȽ
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4.1 3 AIɔɶɞ
Ƽ ἶ Ʋ ῁ἶ ǵ ̈ƽ(4)

ƨƼȨɶɆȦɱȱɶȾƽǯǶ

ȨɶɆȦɱȱɶȾǶ3῁ɉɣɶɧɩɋɁɆǲ

ǑǋǭƲЊҘ῁ǯїҘ῁ǲֿǟɅɶȽș ǋǭ
₉ɅɶȽǉȑǮἶ ǜǢǦȉǵǮǉȒƳ
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4.1 3 AIɔɶɞ
Ƽ ἶ Ʋ ῁ἶ ǵ ̈ƽ(5)

ƨ ƼȨɶɆȦɱȱɶȾƽǵ ἶ

ȨɶɆȦɱȱɶȾș̓ǪǦἶ ǶїҘǓЊҘșП ǠȒȏ
ǍǱἶ ǮǉȒ(Ƽ ₉ǉȑἶ ƽ)Ƴ

  ȨɶɆȦɱȱɶȾǵDecode╛ǯencode╛ǶЊҘșxǯǠȒ
ǯ̊ʤǵȏǍǲǱȒƳ

encode:z =s(Wx+b)   Ń wĜŜw(ЊҘ)

decode:xĜ<r'W'z+bĜ( 

ʣ╛ǵs() ǶƲ Ιǲ̓ǍȵȮɠȢɇ  Ń

ǮƲɏɧɟɶȽǶWǯbǲǱȒƳ
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ɅȡɶɕɉɣɶɧɩɋɁɆɭɶȭ(DNN)ǵ ḹ
- DNNǵʝ ǵƼȨɶɆȦɱȱɶȾƽ ῁ӓǲ Қ -
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NEXTõ19ǵGOOGLEȷɶɏɶȱɱɒɣɶȽ
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NEXTõ19ǵGOOGLEȷɶɏɶȱɱɒɣɶȽ
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GOOGLEǵ ἧȱɱɒɣɶȽ
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ƨ2019₴10 23 Ƽ ἧɕɫȹɁȳɶƼSycamoreƽș ǋǭƲʫ ǵȷɶɏɶȱɱɒɣɶȽɶ

Ǯȉ1ʠ₴ǒǒȒǯǜȓȒы șƲGoogleǵ ὑ ǲȏȒǯ200 Ǯὕ ǞǦƽǯ Ƴ
 (їЖ Nature)



4.2 ˲ ǵ ǵ ǯ ἶ (1)

ƨ Ƽ˲ ǵ ǵɠɅɩƽ

˲ ǵ Ƕ ϤΉ̊ʣǵɉɣɶɫɱ
ǒȐ ǜȓǭǋȒƳ

ƨ ǵɠɅɩș̸Ȓ ǵ ǫǵ

ǵǞǖȆș ǠȒǚǯ

ǠǗȓǦ Ḹы ș̸Ȓǚǯ

Ҝ ǵʴǲǮǔȒẆ ǵШǞƼʫ ϑƽș
⁫◐ ǞƲד ɵ ҲǠȒȏǍǱ șҍȒ
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4.2 ˲ ǵ ǵ ǯ ἶ (1)

ƨ ǵɠɅɩș̸Ȓ

ǵǞǖȆș ǠȒǚǯ
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Ǯ ҲǓ ǲǱǪǭǋȒ ̬șfMRIǮ ὑ



4.2 ˲ ǵ ǵ ǯ ἶ (1)

ƨ ǵɠɅɩș̸Ȓ

ǵǞǖȆș ǠȒǚǯ
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4.2 ˲ ǵ ǵ ǯ ἶ (1)

ƨ ǵɠɅɩș̸Ȓ

ǵǞǖȆș ǠȒǚǯ
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4.2 ˲ ǵ ǵ ǯ ἶ (1)

ƨ ǵɠɅɩș̸Ȓ

ǠǗȓǦ Ḹы ș̸Ȓǚǯ
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4.2 ˲ ǵ ǵ ǯ ἶ (1)

ƨ ǵɠɅɩș̸Ȓ

ǠǗȓǦ Ḹы ș̸Ȓǚǯ

22



4.2 ˲ ǵ ǵ ǯ ἶ (2)

ƨƼ ǵ ƽ

ǶƲ ἶ Ǳ "ǲȏǪǭר "(ȑȎǍ
ȋ)ǯᴀǷȓȒ Ӵ̬ș ǞǭǑȑƲ ǲ
ǠȒ ȉ ƵǱ ̬ǲѝ ǮǔȒƳ

ᶫǶƲ ǵ ǵѝ ǯ șר ╛
ǲ ǞǦᶫǮǉȒƳ ʴǵ◐ ǲ ǠȒ
ֵͬǶƲ ζ (V1 ɷV2 ɷV4 ɷIT(TEƲ

TEO) )ǯᴀǷȓȒ Ǯы ǜȓȒƳ
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4.2 ˲ ǵ ǵ ǯ ἶ (3)

ᶫ ǵ ǵǫǱǓȑ
24

IT
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4.2 ˲ ǵ ǵ ǯ ἶ (4)

ƨƼѧ V1 ƽ Ǥǵ

ѧ ǯᴀǷȓȒV1 ǵ ǶƲ ʴǲ
֞ὦ ǯᴀǷȓȒ Ḹы ᶪș ǨƲʝǫǵ
ǵ֚ꜘǠȒ ᶪǶ ₡ǲᾯ ǮǉȒƳǚȓȐ
ǵ ǶƲ֞ὦ ǲ ǜȓǦЊҘѴ ǓƲ
ǵĞẺȆĝǲ ֻǞǱǋǯ ǲǱȐǱǋƳ
ǚǵẺȆǵǚǯș ⱪǱǰǯᴀǽƳ

V1 ǵ֞ὦ ǵẎǔǜǶǑǑȏǤ1↓ ↓ǵ
ẎǔǜǮǉȑƲ ї ⱪǯǞǭǶƲǤȓȂǰ
ǮǶǱǖƲ ϑʴǵƼ ѝƽȋƼȦɁȶƽǯǋǪ
Ǧ ѝș їǞǭǋȒǯ ǏȐȓǭǋȒƳ 25
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4.2 ˲ ǵ ǵ ǯ ἶ (5)



4.2 ˲ ǵ ǵ ǯ ἶ (6)

ƨƼ V4 ǒȐIT ƽ Ǥǵ

ǮǉȒV4 ǒȐIT ǲǒǘǭǶƲ

ȋ ǯǋǪǦ ǵ ⱪ Ǳ ̬ǲ▌ǖ֚ꜘǠ
Ȓ ȋƲ Ǥǵȉǵǲ֚ꜘǠȒ ǯ
Ǳ ꜠ș ֵӓǞǭǋȒ Ǔ ǜȓȒƳ

ὑǵ˲ǵ ϑǵȆǱȐǡΉ˲׀Ǔ ǒȓǦ
ɄȫȷɆ ϑǲȉֿ ǲ֚ꜘǠȒƲǉȒ ǵ
꜠Ǔ ֵӓǜȓǦ ǵἭ᷀ȉ ȐȓǭǋȒƳ

27
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4.2 ˲ ǵ ǵ ǯ ἶ (6)

fMRIǯ ἶ ș ǋǭ ҲǒȐⱲǵʴǮȢɟɶȶǞǦКὦǵ ϑӓ



ƨƼ V4 ǒȐIT ƽ Ǥǵ

ǮǉȒV4 ǒȐIT ǵ ǮǶƲ
֞ὦ ǵẎǔǜǶǒǱȑ ẎǜȓƲIT ǲ Ǫ
ǭǶ ʴǵȂȃЋḢǓ֞ὦ ǯǱȒƳ

ʴǵǰǚǲ ̱ȋШ ș Ǟǭȉ֚
ꜘǠȒ ǯǱǪǭǋȒƳ

ǵᶫǶƲ Ῥ ◑ Ǔ ǞǦƼɋȨȱȮ
ɉɆɫɱȠɶȫɄȭȿɡƽǮƲ Ǳ˗ὕǯ
ἶ Ǳ˗ὕșḨǲǞǦѧ ǵ

ǵɠɅɩǮǉȒƳ
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4.2 ˲ ǵ ǵ ǯ ἶ (7)



ƨ ƼɋȨȱȮɉɆɫɱȠɶȫɄȭȿɡƽ

30

4.2 ˲ ǵ ǵ ǯ ἶ (8)



4.2 ˲ ǵ ǵ ǯ ἶ (8)
Ƽ ǯ ƽǵ

ǯǶƲ˲ ǵȏǍǱ Ҙș Ǩ
ẉ ẉ ǵᵂ ǓǮǔȒ ǮǉȒƳ

31

<Artificial General Intelligence>



4.2 ˲ ǵ ǵ ǯ ἶ (9)

˲› AGI ǶƼ▌ǋAIƽǯȉ ȖȓƲ
Ƽ▀ǋAIƽǯ ȖȓȒ ӓḌAI(ANI)ǲᾍǞǭ
Ƽ˲ ǯֿ ǵ דȋר ᶥ șȉǫƽ˲›
ǵǚǯș ǠƳ

32
ᶫƼ Ћ ȠɶȫɄȭȿɡƽ



ƨ▌ǋ ǯ▀ǋ

ɵ▌ǋ Ń͈ ȠɆɞ

ɵ▀ǋ ЕǯǞǭǵ Ń ɫɚɁɆ

33

4.2 ˲ ǵ ǵ ǯ ἶ (10)



4.2 ˲ ǵ ǵ ǯ ἶ (11)

ƨƼ ἶ ƽ

ǲǑǘȒἶ ǵ ȆǲḨǬǖǯƲ ǲ
ἶ ǜǢȒƼ ἶ ƽǲǶƼ ₉ǉȑἶ ƽƲ
Ƽ ₉ǱǞἶ ƽƲǯƼ▌ӓἶ ƽǵʢǫǵἶ
ǵ ȆǓǉȒƳ

ǵ ̬ǯǞǭƲǤȓǥȓᾛ ƲẎ Ʋ
ǯẎ Ḩ⅝ ǯ ǖ ǓǉȒƳ

34



4.2 ˲ ǵ ǵ ǯ ἶ (12)

ƨƼ ἶ ǵʢǫǵ Ȇƽ

ʤᶫǶ˲ ǵ ǵɉɣɶɫɱǓ῁ ǲ ǞǦ
ș ǞǦ ἶ ǵʢǫǵ ȆǮǉȒƳ

35



4.2 ˲ ǵ ǵ ǯ ἶ (13)

ƨƼ ἶ ƽǵ Ȇ

ǲǑǘȒἶ ǵ ȆǲḨǬǖǯƲ ǲ
ἶ ǜǢȒƼ ἶ ƽǲǶƼ ₉ǉȑἶ ƽƲ
Ƽ ₉ǱǞἶ ƽƲǯƼ▌ӓἶ ƽǵʢǫǵἶ
ǵ ȆǓǉȒƳ
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4.2 ˲ ǵ ǵ ǯ ἶ (14)

ƨƼ ἶ ǵʢǫǵ Ȇƽ

ʤᶫǶ˲ ǵ ǵɉɣɶɫɱǓ῁ ǲ ǞǦ
ș ǞǦ ἶ ǵʢǫǵ ȆǮǉȒƳ
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4.2 ˲ ǵ ǵ ǯ ἶ (15)

ƨƼ ₉ǉȑἶ ƽ

ȅǡƼ ₉ǉȑἶ ƽș ǭȆȏǍƳ

ʺǲƲᾛ Ǔ Ǎἶ ǮǉȒƳ

Ƴ

ᾛ
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4.2 ˲ ǵ ǵ ǯ ἶ (16)

ƨƼ ₉ǉȑἶ ƽ

 ἶ ǲᾍǞƲ Ǔ ǲ ș ǏǦ
ȑƲἶ ǵ ȑș ǞǦȑǠȒǚǯǮƲἶ
Ǔ Ǟǋ ș♬ȒǚǯșҞǘȒƳ
ǠǱȖǨƲ ǞǋЊїҘǵ ֻǢșʦǏǭἶ
ǠȒǚǯǮƲ ǵЊҘǲᾍǞƲ ўǱїҘǓї
ǢȒƳ
⁪ ̟ (Back Propagation)ǓƲǤǵ̈
ǮǉȒƳȅǦƲ Ʋ ǞǖǶ ȑșЊҘǯ

ǞǭƲ ЊҘǲᾍǠȒ ⱷș ὑǠȒ ὑ
(DecisionTree)ǵ̸ ǱǰȉǉȒƳ
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4.2 ˲ ǵ ǵ ǯ ἶ (16)

⁪ ̟

40

ľ

Ȇ

Ȇ

ȨɕɄȡɜȢȴ

῁ ɅɶȽẀ

῁ ɅɶȽẀ

˔ ΙxĜ

ẕΙ

Ιy

ẕ

Ȇǵ

ЊҘ῁

їҘ῁

Ʌȡɶɕɧɶ
ɉɱȮǵḨ
ԍ ǶƲ ẕ
Ιșɓȡɶɇ
ɎɁȭǞƲ
ȆșȂȚǵᾜ
Ǟ ǠȒƳ

⁪ ̟
ǶƼȨɕ

Ʉȡɜȴɶƽ
Ǯ Ȇș
ǠȒ˿ ȆƳ



Ȯɧɓ

41

4.2 ˲ ǵ ǵ ǯ ἶ (16)

⁪ ̟ ǵȠɩȲɨ
ȸɞș ǠȒ ǲƲ
șɅɶȽǯǞǭ ǏȒ

Ƽ Ȯɧɓƽș̓ǍƳ

ẕ

ẕΙ

╛ ẕΙ
ẕ Ʋ



ƨɓȧɭɶɇɏȷșὕ

42

ľ

ẕ

ẕΙ

ẕ

ẕΙ

4.2 ˲ ǵ ǵ ǯ ἶ (16)



4.2 ˲ ǵ ǵ ǯ ἶ (16)

ƨɎɁȭɭɶɇ ♥ׄ ɏȷșὕ

43

ľ

ẕ

ẕΙ

1   grad( 2, 1)=1

ľ1  grad( ẕΙ+ľ1(<0

grad( 1, )=2

grad( 2, )=1

ɎɁȭɭɶ
ɇ ♥ׄ
ɏȷǮǶƲ
Ȇ ɏɧ

ɟɶȽ ș
ǠȒǦ

Ȉǲ ẕ
ǵӆ

( gradient)
ș ǠȒ



4.2 ˲ ǵ ǵ ǯ ἶ (16)

44

ūgrad( 2, 1)=1    x2=2,x2=x1+1

Ūgrad( ẕΙ+ľ1(<0x2=1

ŭgrad( 1, )=2     x1=1ǱǵǮ

Ŭgrad( 2, )=1     x2=x1+bǱǵǮ

ɎɁȭɭɶɇ ♥ׄ ɏȷǮǶƲ ǯ ǵΙǮ ẕΙ
Ǔ ᾛǲǱȒȏǍǱȠɩȲɨȸɞǮ Ȇș ǞǦǋǵǮƲ
grad( ẕΙ, )ǯgrad( ẕΙ, )ș ǠȒƳ

ⱨ ѝǵ ♣ș̓ǋƲ ⁪ ̟ ȨɕɄȡɜȢȴɶ
grad( ẕΙę )=grad( ẕΙ+ľ1()grad( 2, 1)*grad( 1,w)
grad( ẕΙę )=grad( ẕΙ+ľ1()fq`c'2,b)



4.2 ˲ ǵ ǵ ǯ ἶ (16)

ƨɎɁȭɭɶɇ ♥ׄ ɏȷșὕ

45

ľ

ẕ

ẕΙ

grad( 2, 1)=1

grad( ẕΙ+ľ1(<0

grad( 1, )=2

grad( 2, )=1

ⱨ ѝǵ ♣ș̓ǋƲ
 W=grad( ẕΙę )=1*1*2
B=grad( ẕΙę )=1*1
update_parameter(W,B)

ȨɕɄȡɜȢȴɶ
Ǯ ȆșẀǏȒƳ

⁪ ̟



4.2 ˲ ǵ ǵ ǯ ἶ (16)

46

⁪ ̟ ɎɁȭɕɫɏȰɶȵɥɱ ǵ ╛

               їЖ wikipedia



4.2 ˲ ǵ ǵ ǯ ἶ (17)

ƨ Ƽ ₉ǱǞἶ ƽ

ȅǡƼ ₉ǱǞἶ ƽș ǭȆȏǍƳ

ʺǲƲẎ Ǔ Ǎἶ ǮǉȒƳ

1. Ẏ
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4.2 ˲ ǵ ǵ ǯ ἶ (18)

ƨ Ƽ ₉ǱǞἶ ƽ

ר ȋƲǉȒ ǵ ̏ǲȏȑЊҘ
ɏȽɶɱșѝ ǞǦȑƲ ӓǞǦȑǠȒἶ Ƴ

ʺ ѝѝ Ʋ ⁫ ӓɜɁɕǱǰǵ Ϸᶿ
(Dimensionality Compression) Ǔ̈ ͈Ǯ

ǉȒƳ

ḸǱǰǵЊҘɏȽɶɱǵѝ Ʋֿ ǲ
їҘ ҲɏȽɶɱǲᾍǞǭ ר ș ǋǭ

Ҳǲѝ ǠȒἶ ǱǰǓǉȒƳ
48



4.2 ˲ ǵ ǵ ǯ ἶ (19)

ƨ Ƽ▌ӓἶ ƽ

ǲƼ▌ӓἶ ƽș ǭȆȏǍƳ

ʺǲƲẎ Ḩ⅝ Ǔ Ǎἶ ǮǉȒƳ

Ẏ
Ḩ⅝

49



4.2 ˲ ǵ ǵ ǯ ἶ (20)

ƨ ǀ▌ӓἶ ƽ

ǞǖǶƲ ʴ ǲᾍǞǭƲǰǵ
↓ ǒǪǦǒș ǠƼḸ ֵͬƽǲḨǬǔƲ
ǚȓȐǵḸ șǱȒȀǖẎǔǖǠȒȏǍǲ
ǠȒƳ

▌ӓἶ ǯ ₉ǉȑἶ ǵ ǋǶƲɓȡɶɇ
ɎɁȭǓȷȩɧɶ( ǒɗȭɆɩ(howǵ(ב Ḹ)

ǒǯǋǍ ȉǉȒȏǍǲƲ Ǳ ₉ǮǶ
ǱǖƲ ṑǱǰǵ Ǳ ₉ǧǯǋǍ
ȉǉȒƳ 50



4.3 ϑ Ƽ ș ǪǦ ƽ(1)

ƨ ᶫǶ˲›ǵ ᶥ ɉɣɶɧɩɋɁɆ
ɭɶȭ Ǯ ῁ἶ ǠȒƼ ș ǪǦ ƽǵ
͈ǮǉȒƳ

ƨἶ Ǔʺ̱ ǲ όǱǰǮ ǞǦ
ȀǦǋ ǵШ ș ȑƲ ǪǦШ șǠǗǲ
ǲ ǞƲ˔Ȉ όǲ Ǟǭ ῁ἶ

ǞǦ ǒȐƼɔɧȵɌȫƽǯ ǏǭȉȐǍǯ
ǯȉǲƲɔɧȵɌȫǲ ǠȒƼ ιƲ ƽȋ
ֿι ǯǋǪǦ Ḹș♬ǭƲἶ Ƕ ǋ
ǲѮ ǠȒ

51



4.3 ϑ Ƽ ș ǪǦ ƽ(2)

52



4.3 ϑ Ƽ ș ǪǦ ƽ(3)

ƨƼ ș ǪǦ ƽǶ♫ ǵ˗Жǲ̈ȖȑƲ
ǵʺ̱ Ǳ ǋἶǺǵ ЕƼ ǔἬ╠ƽǯ

Ǟǭ ǞǭǋȒƳ

ƨ Ʋ ᶫ ȋҲ ᶫ Ǳǰǵ ᶫ
ƼɨɱɋɪɱȸƽǓ ɹǒȐ Ǯ
Џ ǜȓǭǋȒƳ

53



4.3 ϑ Ƽ ș ǪǦ ƽ(4)

ƨƼɅȡɶɕɧɶɉɱȮǮʝ ̱ ǵȱɱ
ɄȷɆƼILSVRCƽǮϮҷƽ

2012₴ǲ σǜȓǦʝ ̱ ǵȱɱɄȷ
ɆƼILSVRCƽ(lmageNet Large Scale Visual 

Recognition Challenge)ǲǑǋǭƲ ǋ ș
ǫCNNǓƲ♫ ǵѝ ר șẎ₦ǲʣᶥǪ

ǦƳ̊ ƲɅȡɶɕɧɶɉɱȮǓ ϑ ǲ
Țǲѫ ǜȓȒȏǍǲǱǪǦƳ

54



4.3 ϑ Ƽ ș ǪǦ ƽ(5)

ƨɆɫɱɆẎǵȶȥɓɨɶɵɐɱɆɱ Ǔ
AlexNet ɅȡɶɕɧɶɉɱȮ Ǯʝ ̱
ǵȱɱɄȷɆƼILSVRC2012ƽǮϮҷ

55



4.3 ϑ Ƽ ș ǪǦ ƽ(6)

56



4.3 ϑ Ƽ ș ǪǦ ƽ(7)
ƨƼȭɧȷѝ ƽ(1)

CNNǶƲ῁ș ῇ Ǵǭ ǋ ǲǠȒǚǯ
ǮƲȏȑ ǋ ↓Ǯ ̱șѝ ǮǔȒȏǍǲǱ
ȒǓƲǤǵ֚ ƲɏɧɟɶȽ Ǔ ẎǯǱȑἶ
Ǔᶩ ǲǱȒƳ

   ǤǚǮƲ ǋ῁Ǯȉἶ ǓǍȅǖǋǖ Ȇ
ǯǞǭƲƼResNetƽǓ ǜȓǭǋȒƳ

ResNetǶƲїҘșЊҘǯЊҘǒȐǵ⁪ѝǵᴇ
ǮɠɅɩӓǞǦɋɁɆɭɶȭǮǉȒƳǚǵ
ǲȏǪǭƲʣ῁ǒȐǵ ⁪Ǔʤ῁ȅǮ̟ ǠȒ
ȏǍǲǱȑƲ1000῁ǯǋǪǦǒǱȑ ǋ Ǯ
ȉ ўǲἶ Ǔ֯ ǯǱǪǦƳ

57



4.3 ϑ Ƽ ș ǪǦ ƽ(8)
ƨƼȭɧȷѝ ƽ(2)

ResNetǶƲILSVRC2015ǵ ƵǱ ǲǑǋǭƲ
ɆɁɕǵ ș ♬ǞǦƳǚǵǯǔǵ ̱ȭɧȷ
ѝ ǲǑǘȒƲʣ̬5̬ȅǮǲ ǓדȅȓǱ
ǋȦɧɶ ǶƲ3.57%ǮǉǪǦƳʝ ILSVRC2016

ǲǑǘȒֿ ǵ1̬ǵȦɧɶ Ƕ2.99%Ʋ2̬Ǔ
3.03%Ʋ3̬Ǔ3.04%ǮǉȑƲ2015₴ǯ Ǟǭѝ
ר ǶȂǯȚǰ̤ǺǭǋǱǋƳ

ILSVRC2016ǵɆɁɕǵ Ƕ Ἥ ǵ ֻǢ
ǮǉȑƲ ̱ȭɧȷѝ ǲǑǋǭƲǚǵ1₴ ǶȢ
ɱɏȭɆǵǉȒɆɒɁȭǓїǭǋǱǋ ǲǉȒƳ

58



4.3 ϑ Ƽ ș ǪǦ ƽ(1)

ᶫǶ ἶ Ʋ ἶ ǯ ῁ἶ ǵ ș ǠƳ

59

῁ἶ

ἶ

ἶ



4.3 ϑ Ƽ ș ǪǦ ƽ(2)

60

Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ(CNN)ǯƲ
ɨȩɪɱɆɉɤɶɧɩɋɁɆɭɶȭ (RNN)ǵ
ǋǓѝǒȒ͈ǮǉȒƳRNNǶǰȚǱ ǜǵ

Ǯȉы ǮǔȒПₒḌɉɤɶɧɩɋɁɆɭɶȭ
ǮǉȒƳ



4.3 ϑ Ƽ ș ǪǦ ƽ(3)
ἶ (representation learning)ǶƲ ῁ἶ

ɅȡɶɕɧɶɉɱȮ ș ӓǞǦ ꜠ǮǉȒƳ

   ἶ ǵ ș ǠȒ ǲƲ Ǳ Ḹș
їǠȒǚǯǓǮǔȒƲǠǱȖǨɅɶȽǵ ⱪ
(ǉȒǋǶƲК Ʋ șἶǽἶ((feature)ר ǵ
ǮǉȒƳ ἶ ǵר ǶƲɅɶȽǵ ǲẎǔ
ǖ͒ἭǞǭǑȑƲ♫ Ƕ˲ ǵ ȋ ˲ ǲȏȑƲ
șר ǠȒǚǯǓⅎǖ ȖȓǭǔǦƳ

( (ἶ(feature engineering)ǯȉᴀǷȓȒ‹ר

ɅɶȽǵ ⱪ ș ҲǮἶ ǠȒȉǵǓ ἶ
ǮǉȒƳ

61



4.3 ϑ Ƽ ș ǪǦ ƽ(4)

ἶ ǲǑǋǭǶƲ ᷀Ʌȡɶɕɧɶɉɱ
Ȯș ǋȒȠɕɫɶȿǓϮһǮǉȒǓƲⱳǡǞ
ȉǤǵ Ǔⱳ ǱȖǘǮǶǱǋƳ

ǮǶǒǱȑǋǋ șǋǪǭǋȒǵǶ ǒ

ǮǉȒǓƲᾓ ǲǶƲ˹ǵɉɣɶɧɩɋɁɆ
ɭɶȭǯЋǖ Ǎ◐ǮǵƲȏȑ Ǳ ἶ
ǵ Ǔї ǠȒ֯ ǶǉȒƳר

62



4.3 ϑ Ƽ ș ǪǦ ƽ(5)

ⱪ ǶƲ ₡Ƕ˲ ǵ ȋ ˲ ǲ
ȏǪǭὑ ǜȓȒǓƲǤȓǲȏǪǭ ἶ ǵ
ר ǓẎǔǖ ǱǪǭǞȅǍƳ

ǉȒǋǶƲѩǵ͈ǮǶƲ ϑǲ Ǔ ǪǭǋȒ

ǒșѨὑǞǦǋǯǠȒƳǤǵ ƲəȢɶɩǓ
ǪǭǋȒǒƲɍɱɇɩǓ ǪǭǋȒǒǱǰș
ǲǠȒǯר ǜǤǍǮǉȒǓƲ ϑǒȐ♬Ȑ
ȓǦ ǵΙǯǋǍ ɅɶȽ(ǉȒǋǶ Ʌɶ
Ƚ)ǒȐǤȓȐǵ șǰǍר ǠȒǵǒǯǋǍ
ǵǶ ǮǶǱǋƳ

63



4.3 ϑ Ƽ ș ǪǦ ƽ(6)

ⱪ șἶ ǠȒ ǯǞǭǶƲ♫ ǒȐƲ
ƵǱȭɧȷȽɨɱȮ ƲǉȒǋǶʺ ѝѝ

(Principal Component Analysis;PCA)ȋ ѝѝ
(lndependentComponent Analysis;ICA)Ǳǰǵ

Ϸᶿ ǲȏȒ Ǔȏǖ ȐȓǭǋȒƳ

₴ǮǶɅȡɶɕɧɶɉɱȮǲ Ǔ ȅǪǭ
ǋȒǓƲǚȓȉ ἶ ǵʝǫǮǉȒƳ

ɅȡɶɕɧɶɉɱȮǶƲ῁ǵ Ǔẉǋɉɣɶɧ

ɩɋɁɆɭɶȭǲȏǪǭƲ ɅɶȽǒȐ
Ǳ Ḹș їǞǦ ⱪ șἶ ǠȒƳ 64



4.3 ϑ Ƽ ș ǪǦ ƽ(7)

Ǳ Ḹы ǯǤǵἶ ǲǑǘȒ ⱪ
ǵ ǶƲAIƲר ἶƲ ἶ ƲɅɶȽ

ǵ ǲǑǋǭ֦ǖǒȐ̲↓ȉ ǜȓ
ǭǔǦƳ

   ɅȡɲȡɁɇɵɜɶ(DavidMarr) ǶƲǋǒǱȒ

ǵ ы ȉƲ Ʋ ǯȠɩȲ
ɨȸɞƲɍɶɇȤȥȠǯǋǍ3 ῁ǒȐ ǜȓ
♬Ȓǯ ȀǦƳ

   ḸșǰǵȏǍǲ ǠȒǒǲȏǪǭƲȠɩȲ
ɨȸɞǲȏȒы ǓẎǔǖ◙ ș֞ǘȒƳ

65



4.3 ϑ Ƽ ș ǪǦ ƽ(8)

ȏǋƼ ƽǯǶ̲ǒǯǋǍǵǶƲӴ Ǳȏ
ǍǮ ǞǋᵂǋǮǉȒƳ

ȏǋ ǯǶƲ̲Ȑǒǵ ˗Ǯװ ș ӓǞ

ǦȉǵǮǉȑƲ ɅɶȽǵ ᶦșǯȐǏ
ȒǚǯǮƲʝ ǮǶǱǋВ șǯȐǏȒ
ǚǯǓǮǔȒȉǵǮǉȒƳ

   ɦȵɣȠɵɗɱȶȨ(YoshuaBengio) ǶƲȏǋ

ǲВ ǠȒȉǵǯǞǭƲʫ ǲ ǠȒẉǖ
ǵʝ Ǳ˗Ѽ (ǉȒǋǶ˗Ѽѝ⁹Ʋprior)ș
ǙǭǋȒƳ

66



4.3 ϑ Ƽ ș ǪǦ ƽ(9)
̈ Ǳ˗Ѽ ǲ ►ǠȒȉǵǯǞǭƲ

(1) Ȑǒǜ
(2) ǵ ᶦ
(3) ᶦǵ ῁
(4)ӭ ₉ǉȑἶ
(5)Ƚȷȭ ǵВ ᶦ
(6)ẉ ̱
(7) ǱȭɧȷȽӓ
(8) ʝ ר
(9)ȷɏɶȷר(ɅɶȽǵѝ⁹ǵȅǷȐǜ)

(10) ᶦǵ͒ἭǵӴ ר
 ǱǰǓ ǙȐȓȒƳ

67



4.3 ϑ Ƽ ș ǪǦ ƽ
(10)
ȏǋ ǯǶȷɞɶȸǱ ș ǋȒȉǵǮ
ǉȑƲȅǦ ʝ șר ǪǭǋȒƳ

ɅȡɶɕɧɶɉɱȮǵȠɕɫɶȿǶƲǱǒǮȉƲ
(3)(5)(10) Ǳǰǲ ǞǭǋȒǚǯǲǱȒƳ

ǲ ǏǷƲǚǍǞǦ˗Ѽ ș ўǲ Ǡ

ȒǚǯǓǮǔȒǱȐƲ ἶ ǶⱳǡǞȉ῁ǵ
ǓẉǋɉɣɶɧɩɋɁɆɭɶȭǵ◐șǞǭǋ
Ǳǖǭȉ ǋǯǋǍǚǯǲǱȒƳ

68



ȏǋ ͈ ͈: ̝ ƨἶ ᾚ
ǵȨɱɆɫȶɶ

69



GOOGLE ǵ˲› ǵ᾽
ɶ ˲ǵ ǵ ȋ ș Ȇ ǵ ǓẀȖȒ ɶ

70



4.3 ϑ Ƽ ș ǪǦ ƽ
(11)
ɅȡɶɕɧɶɉɱȮǮ ⱪ ǮǉȒǵǶƲ
ӴǱ ǵ ȆֻȖǢǮ Ǟǋ ș
ǠȒǚǯǮǉȒƳ

    ₡Ʋ ǋ ȏȑȉ ǋ ǵȂǍǓ
ȏȑȱɱɏȭɆǲ ș ǠǚǯǓǮǔȒƳ
ǤǵǚǯǲȏȑƲ ǵПѫר ǯ Ǳ
꜠(ǉȒǋǶʥẀ )ǵ ♬ș֯ ǲǞǭ
ǋȒƳ

71



4.3 ϑ Ƽ ș ǪǦ ƽ
(12)
ɅȡɶɕɧɶɉɱȮǲȏȒ ǵ ♬ǵ
͈ǯǞǭƲƼ ῁ͬ꜠ɋɁɆɭɶȭƽ
(Deep Belief Network)ș ǋǭƲȢɱȽɶ
ɋɁɆʣǵҲ ǒȐўȑїǞǦ ϑșЊҘ
ǞƲ ǵ ꜠ș ǞǦǯǋǍGoogleǵ
Ǔ ǮǉȒƳ׀

ȅǦƲ Ǳ ꜠ș βǲ ♬ǠȒǲ
ǶƲ ὑǵ ǱȒ ǵɉɣɶɧɩɋɁɆ
ɭɶȭǮǵВ ѝș ǫǘȒǯȏǋǯǋ
Ǎ ǵ ȉǉȒƳ

72



4.3 ϑ Ƽ ș ǪǦ ƽ
(13)
˲ ǵ ǲǑǋǭǶƲ♬ȐȓǦ
Ǳ ꜠șƲ ǲɜɁɒɱȮǞ ̸֯ ǲ
ǞǭǋȒǯǚȔǓ ǠȀǔ ǮǉȔǍƳ
ǚȓǲ ǠȒ Ǳᵂ׀ ǲƲȵɱɚɩȮ
ɧȤɱɅȡɱȮᵂ ǓǉȒƳ ǲǑǘȒ
ᵂǵʝǫǮǉȒƳ

ֵǮ Ǟ ǜȓȒȉǵș Ǔǰǵ
ȏǍǲ ǠȒǒǯǋǍᵂ ǮǉȑƲ ꜠
ǲ (ȮɧȤɱɇ)ǜȓȒǚǯǱǞǲǶƲ
ֵы Ǔ șǱǜǱǋǚǯșװ Ǟǭ
ǋȒƳ

73



ȵɱɚɩȮɧȤɱɅȡɱȮᵂ ǯǶ

74

ȵɜȤɜǯ˲ ǶȖǒȒǓƲ ǲǶȖǒȐǱǋ



4.3 ϑ Ƽ ș ǪǦ ƽ
(14)
ֿ ǵ Ƕ ֲ ǲ֦ǖǒȐǉȑƲ ֵК
ὦǯ ֵ șƲȵɉɓȡȦƲȵɉɓȡȠɱǯ
ᴀȚǧƳ

꜠ǯ׀Ѽ ǵ Ǻ̂ǔǶƲ Ǯȉ
ǲ Ǔ ȖȓǭǑȑƲȅǦɅȡɶɕɧɶ

ɉɱȮǵ Ǯȉ ǯ ϑ ⱪǵ ș
֝ȒȏǍǱ ȉ ȖȓǭǋȒƳɅȡɶɕɧɶ
ɉɱȮșʴⱲǯǠȒ ἶ ǵ ǵ ǲȏ
ȑƲ˲ ǵ ǫ Ʋר ǲ ș̓ǪǦ Ҙǲ
ǫǋǭǵ ȋƲǤǵ›ἶ Ǳꜘ ȉ ȚǮǋ
ǖǚǯǲǱȒǒȉǞȓǱǋƳ

75



ȵɉɓȡȦƲȵɉɓȡȠɱǯǶ

76

꜠ǶƼȵɉɓȡȦƽƲ׀ѼǶƼȵɉɓȡȠɱƽ



4.3 ϑ Ƽ ș ǪǦ ƽ
(15)

ἶ ǲǑǋǭǶƲ˹ǵǯǚȔɅȡɶ
ɕɧɶɉɱȮǵȏǍǱ ǋ ș ǪǦ
ɉɣɶɧɩɋɁɆɭɶȭș ǋȒȠɕɫɶ
ȿǓϮһǮǉȒǓƲⱳǡǞȉǤǵ Ǔⱳ
ǱȖǘǮǶǱǋƳ

ǮǶǒǱȑǋǋ șǋǪǭǋȒǵǶ
ǒǮǉȒǓƲᾓ ǲǶƲ˹ǵɉɣɶɧ
ɩɋɁɆɭɶȭǯЋǖ Ǎ◐ǮǵƲȏȑ
Ǳ ἶ ǵ Ǔї ǠȒ֯ Ǔǉ

ȒǧȔǍƳ
77



4.4  Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ(CNN)(1)

ƨ ƼɋȨȱȮɉɆɫɱȠɶȫɄȭȿɡƽ Ǥǵ1

ǚȓȐǵɋɁɆɭɶȭȠɶȫɄȭȿɡǶƼɋȨ
ȱȮɉɆɫɱƽǯᴀǷȓȒɉɣɶɧɩɋɁɆɭɶ
ȭɠɅɩǵḨ ǮǉȒƳ
Ῥ ȐǵȮɩɶɕǶƲ ǵ șὕ
ǜǢȒǦȈǲƲǚǵḨ ȠɶȫɄȭȿɡș̓ǋƲ
ȑ Ǟ ǵẀ ș Ǎǚǯș ǞǭǋȒƳ
ɋȨȱȮɉɆɫɱǶƲᾯ Ǳ ⱪș їǞƲ
̬ ǡȓș ὦǞǱǓȐ Ḹșᶿ ǠȒǚǯǮƲ
♦Ƶǲ֞ὦ ș ẎǞƲ Ḹș ֻǠȒ ǵ
ɠɅɩǯǱǪǦƳ
Ῥ ȐǶɋȨȱȮɉɆɫɱș ǔ Ἤ

Ǳǰǵᵂ ǲ ǞƲ ↓Ǳ ѩᶅǓὕ ǮǔȒ
ǚǯș ǞǦƳ

78



4.4  Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ(CNN)(2)

ƨ ƼɋȨȱȮɉɆɫɱȠɶȫɄȭȿɡƽ Ǥǵ2

79



ǵ͈

80



ǵ͈(2) 81



4.4  Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ(CNN)(4)

ƨᶫƼ ǵҲ̸ԍ ƽ

82



4.4  Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ(CNN)(3)

ƨƼ ǵҲ̸ԍ ƽ Ǥǵ

ᶫǶCNNǵҲ̸ ș ǍǦȈǵ ╛ᶫǮǉ
ȒƳᶫʴǵĝ ĞǯǋǍ ǶƲ(b)ǵᶫǲ Ǟ
Ǧ ǵĝ ĞǵȏǍǲƲ ǱȒẎǔǜǯ◐
ș Ǩ♬ȒǓƲʣ ǵᾞǪǦ◐ ǯTἬḌǵ
ֻ ǵ◐ ǶƲВ Ǟǭ ǪǭǋȒ ⱪǯǯ
ȐǏȐȓȒƳ

CNNǵК ǵ Ȇ Ȇ῁(Convolution Layer)ǶƲ
Ѽ ǵӴ Ḍ ǲᾍꜘǞƲǚȓȐǵ ⱪș
ѩƵǵ ⱪɜɁɕǯǞǭ ǠȒƳǚǵǦȈƲ
ᶫǵ(a)ǵȏǍǲƲ3 ǵ ⱪɜɁɕǮ ǜ
ȓȒƳ

83



4.4  Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ(CNN)(4)

ƨᶫƼ ǵҲ̸ԍ ƽ Ǥǵ2
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4.4  Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ(CNN)(5)

ƨ Ƽ ǵҲ̸ԍ ƽ Ǥǵ

ǯǞǭǚȓȐǵʢǫǵ ⱪǵ ֻǢǓ
ǪǭǋȓǷƲֿǟ ⱪǯǞǭǯȐǏȒҲ̸ș
ǍǦȈƲẀ◐Ǳǰǲ▌ǋ ⱪ ș Ǯǔ
ȒƳǚǵȏǍǲCNNǮǶƲɋɁɆɭɶȭǓ ǋ

῁ș֝ȒȂǰƲ Ǳ ֻǢ ⱪș Ǯǔ
ȒȏǍǱ ǲǱǪǭǋȒƳ

Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ(CNN)ǶƲ

ƼɋȨȱȮɉɆɫɱƽǵ◙ ș֞ǘǦ ǮƲ
ǵ ǵ ǲḨǬǋǭ ǜȓǭǋȒƳ 85



4.4  Ȇ ȆɉɣɶɧɩɋɁɆɭɶȭ(CNN)(6)

ƨᶫƼ ǵҲ̸ԍ ƽ Ǥǵ

Ȇ Ȇșѫ ǞǦ ׄǵȦɁȶǵ ї͈
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