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ǀἶ ǁ

Ɇɧɱȷɓȧɶɜɶ ᴁǶƲ
ChatGPTƲBard

ș ǜǢǦƳ Ƕ˲
ǵȏǍǱ̝ ș ǮǔȒ
ǮǠǓƲ  ↓ǵׄ
ʣƲ Ʋӣ Ḣȋ
ǲꜘ ǜȓǭǋȒǚǯș

ǠȒƳ 5



ᴁ
- TRANFORMER-

6.1 ᴁ



˲› AI
ֲ ˔

1 Al (1956 ₴ ): ̈

г ̈

2 Al (1980 ₴̈): ̈

г ̈

3 Al (2013 ₴ ): ἶ ἶ ̈

4 Al (2017 ₴ ) ̈

( Transformer ḹ

Ẏ ṥ( 2030 ₴ )       : AI ҥϐ

(2045 ₴): AI ˲
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ǉȒ Ǔ ǒǰǍǒșѨ
ὑǠȒǦȈǵɄȷɆǶ,˹ Ƽȿɣɶɨɱ
ȮɵɄȷɆƽǯᴀǷȓǭǋȒƳ



AI (E) ̝ ͈

ẕ ǮǠǓ,ǉǱǦǶ ǨǚȚǮǋȒǯǋǍȏǍǲ ǚǏȅǞǦǓ
˲ Ǥǵ ȑȏƳ ,ʥ⃰ǢǱǵƳ

ǚǚǲǖȒǚǯǓʥ⃰ǢǒȐ ǘїǠǚǯǲ☻ ǫǯדǋȅǠǒ
˲ ǲǶ̲ǒҞǘǓⱳ ȏ,ǤȓǶǒǱȑ ǒȏƳ

ȉǞҞǘǓ♬ȐȓǦǯǞǭ,ǤȓǶǉǱǦǲǶǰȚǱ Ǔǉȑȅװ
Ǡǒ
˲ ǦǽȚ,Ǒ ǜȚǯǍȅǖȋȓȒȏǍǲǱȒǵǮǶǱǋǒǞȐƳ

Ǜὤ ǵǚǯșȉǪǯ Ǟǭʤǜǋ
˲ Ǒ ǜȚǓ ǵ ΏșȆǭǖȓǭȒȖƳ

Ǜὤ ǵʴǮ̀ǲ ǓǉǱǦǵ ΏșȆǭǖȓǭǋȅǠǒ
˲ Ǒ ǜȚƳ

Ǒ ǜȚǮǠǴ
˲ ǉǱǦǪǭǑ ǜȚǲǨȎǪǯ̧ǦǯǚȔǓǉȒȖǴƳ

ǰȚǱǯǚȔǓ̧ǭǋȒǵǮǠǒ

1966

₴



òȦȫȷɏɶɆȵȷɄɞƼɜȢȵ
(MYCIN)ƽƽǶ ǵᾐ ӣǵ ǲ
ǋ ǵ Ǯ Ǟǋы ǓǮǔǦƳ
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ɔɶɞǵ



ὧ
ᾛ AI

CHATGPT, BARD BING AI ḹ

                                    (C)SAWAI.2023 
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Transformer

2017₴ 2018₴

BERT

2021₴

GPT

1

GPT

3

GPT

2

LaMDA

13

2022₴ 2023₴

Bard

GPT

  3.5

GPT

4

CHAT

GPT
Bing AI

GoogleAI

OpenAI

MicroSoft

(C)SAWAI.2023 

GPT

4-Turbo



ʝ ǲƲ ȋ ѝ Ʋ ᵂꜘ ǯǋǪǦ ы ǲǑǘȒ˿˗ǵѝ ș
Ƽ ы ȽȷȭƽǯᴀǺȅǠƳ

 2017₴ƼTransformerƽGoogle Ǔ ǞǦɉɣɶɧɩɋɁɆɭɶȭȠɶȫɄȭȿɡɶƳ
 2017₴ǲȨɶɕɱȻɶȷӓƳẎ ɠɅɩ LLM)Ƴ

2018₴ƼBERTƽTransformerǲȏȒ֙ ׄǵȦɱȱɶɇ ƳƼ ы Ƚȷȭƽ
Ǯ► ǵ ȷȱȠș֩ǔїǞǦƳ ȦɱȶɱǮ Ƴ

2020₴ƼGPTƽȵɨɶȸ Generative Pre - trained Transformer OpenAIǓ Ƴ˗Ѽ
ἶ Ȇǵ ḌǵTransformerƳ2018,2019,2020,2022,2023ǯ Ƴ

2021₴ƼLaMDAƽ Language Model for Dialogue Applications
ᾍ Ƞɕɨȯɶȵɥɱ Ǯ Ǳ̝ șὕ ǠȒẎ ɠɅɩ

2022₴ƼChatGPTƽ Chat- based Language Model for OpenAI's GPT
ᾍ ȵȷɄɞȋ ǱǰǮ Ǳ̝ șὕ ǠȒẎ ɠɅɩ

2023₴ƼBing AIƽ Bing AI Chat Ħ!@H- powered copilot for the web", Copilot
OpenAIǵGPT- 4ș ǋǦƲ ы ș ǋǦ ȦɱȶɱḌǵAI

2023₴ƼBardƽ Google Bard, ǶLaMDAǯֿǟ׀╛
ᾍ ȵȷɄɞȋ ǱǰǮ Ǳ̝ șὕ ǠȒẎ ɠɅɩ
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ӓ(2)



ǵɏɓȧɶɜɱȷș ǠȒɠɅɩǶƲƼ  ƽ
ɟȩɉȸɞș˺ǞǭȦɱȱɶȾǯɅȱɶȾș ǞȅǠ

Transformerǵ
CNNȋRNNǯ ǱȒɠɅɩ ȦɱȱɶȾɵɅȱɶȾɠɅɩ
Ƽ ƽɟȩɉȸɞǵȆǲḨǬǋǭǋȅǠ

ǵǦȈǵɋɁɆɭɶȭȠɶȫɄȭȿɡǮǠ
Ashish Vaswani et al., Attention Is All You Need2017), https://arxiv.org/1706.03762

Ƽ ǲⱳ ǱЋǭǶ ǵȆƽ
WMT2014 

ɵ ǒȐɇȢɂ ǿǵ ȽȷȭǮ28.4 BLEUș
ɵ ǒȐɓɧɱȷ ǿǵ ȽȷȭǮ41.0 BLEUș

˲ ǵᾐ ὤǮȉ40.0BLEU ↓ǱǵǮ˲ ș ǏǭǋȒ
ɠɅɩǶ8ְǵGPU Ǯ3.5 ɆɪɶɉɱȮǞǦ 15



ɔɶɞǵ
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TRANSFORMERǵἶ

17
ǀїЖǁFrancois Chollet:ƼPythonǲȏȒɅȡɶɕɧɶɉɱȮƽ,ɜȢɈɑї Ʋ2022₴

ɓȥɶȸ

ɓȥɶȸ

ȦɱȱɶȾ ɅȱɶȾ

qué,tiempo,hace,hoy,[end]

[start],qué,tiempo,hace,hoyhow,is,the,weather,today

ȦɱȱɶȾ

how,was,the,weather,yesterday

ɅȱɶȾ

[start]

qué
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ǀїЖǁFrancois Chollet:ƼPythonǲȏȒɅȡɶɕɧɶɉɱȮƽ,ɜȢɈɑї Ʋ2022₴

ȠɄɱȵɥɱ

Ǟǋ

ȠɄɱȵɥɱȷȱȠ

Ϸ ϑ

TRANSFORMERɠɅɩǵ (SELF- ATTENTION)
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ǀїЖǁFrancois Chollet:ƼPythonǲȏȒɅȡɶɕɧɶɉɱȮƽ,ɜȢɈɑї Ʋ2022₴

ȠɄɱȵɥɱ

Ǟǋ

ȠɄɱȵɥɱȷȱȠ

Ϸ ϑ

TRANSFORMERɠɅɩǵ (SELF- ATTENTION)

⁫ ₉
ἶ
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ǀїЖǁFrancois Chollet:ƼPythonǲȏȒɅȡɶɕɧɶɉɱȮƽ,ɜȢɈɑї Ʋ2022₴

Ǟǋ

ș Ǟ
ǦɗȭɆɩ

Station ǵȠɄ
ɱȵɥɱȷȱȠ

Ɇɶȭɱ
ɗȭɆɩ

ЊҘ ǵɆɶȭɱ

Station

Station

train

train

ȻɓɆɜɁȭ
ȷƲȷȯɶɨ
ɱȮƲˆ

TRANSFORMERɠɅɩǵ (SELF- ATTENTION)

Ɇɶȭɱ
ɄȫȷɆɅɶȽș
ы ǠȒǦȈǲ̓
ǜȓȒ ᾛǵӴ

̬ǮǠ

Ȇ̂ǘǜȓǦ
ɆɶȭɱɗȭɆɩ

ȠɄɱȵɥɱȷȱȠ



21ǀїЖǁ ȳȢȦɱȷ:Ƽᾍ ǠȒAI ChatGPT ɠɅɩǒȐ ȅȓȒ ƽƲ2023₴ר ֵ

TRANSFORMERɠɅɩǵ (SELF- ATTENTION)
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Ashish Vaswani et https://arxiv.org/1706.03762

TRANSFORMERȠɶȫɄȭȿɡɶ

https://arxiv.org/1706.03762


TRANSFORMERȠɶȫɄȭȿɡɶ(2)
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ЊҘɆɶȭɱḛȈ ȆЊҘɆɶȭɱḛȈ Ȇ

ɜɩȿɖɁɇ
⁫

қ

ɓȡɶɇɓȧɭɶɇ῁

ẆǮ ǓאǏǭǋȒ A dog is barking 

outside

Nᶥ ɓȡɶɇɓȧɭɶɇ῁

ɜɩȿɖɁɇ
⁫ ɵɜȷȭ̂

ɜɩȿɖɁɇ
˧⁪

  қ

қ ῁ ӓ

қ ῁ ӓ

қ ῁ ӓ

ɆɶȭɱїҘѝ⁹ș

қ ῁ ӓ

қ ῁ ӓ

Ɏɨɣɶ ȫɶ ȭȦɨ

Ɏɨɣɶ ȫɶ ȭȦɨ

Ɏɨɣɶ ȫɶ ȭȦɨ

Nᶥ

ȦɱȱɶȾǵЊҘǲᾍꜘǠȒ
ӓɆɶȭɱḛȈ Ȇ

ȦɱȱɶȾ

ɅȱɶȾ

NΉǵɔɫɁȭș
ǲ

NΉǵɔɫɁȭș
ǲ

ɔɫɁȭ ɔɫɁȭ

̬ ֵ ̬ ֵ

⁪

ֻ

⁪

ֻ

⁪

ֻ

⁪

ֻ

⁪

ֻ



ȦɱȱɶȾǲȏȒɄȫȷɆǵɗȭɆɩ ӓ



ɅȱɶȾǲȏȒɄȫȷɆ
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Transformer

2017₴ 2018₴

BERT

2021₴

GPT

1

GPT

3

GPT

2

LaMDA
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2022₴ 2023₴

Bard

GPT

  3.5

GPT

4

CHAT

GPT
Bing

GoogleAI

OpenAI

MicroSoft
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GPT

4-Turbo
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AIǵἶ Ǯǵѫ ǲǫǋǭǵ ἶ ǵ
ὑ ǱȪȢɇɧȢɱ 2023₴7 4 ῎ ἧ ἶẎ ̝

ɵ ș ȅǏǦƲ˗Ѽǲ AIǵר ș
Ӧѝ ǜǢȒǚǯǓ֯ ǒș ȈǦʣ

ɵƼ Ҳǵ ș ǠȒʣǮҧ ǒבǒ
ǮѨ ǠȀǔƽǯǵ Ǐș Ǟ

Ǔ ўǮǱǋ͈
Ǔ ǏȐȓȒ͈

ǵʰ ș ǞǭǋȒ

ɵ˹♥Ʋ ꜠ȋɨȷȭǲӦѝᾍꜘǓ ǟȐȓȒ
ʝ ǵἶ ǮƲɏȢɫɁɆ ֝ șὕ ǞƲ

ɵ ș ǠȒ



ƽǵᾛἶ ǯʴἶ ǵ Ǯǵ ͈

CHATGPT

Ǯ ƵǱ Ǔǉȑȅ
Ǡ

ɵ ᵂꜘ ǵȳɛɶɆ

ɵ ǵ ѹȋʹ

ɵҍ ǱɧȢɄȡɱȮǵȳ
ɛɶɆ

ɵ ȋ ἶǵȳɛɶɆ

ɵẆᶮ ǵἶ

 ɂɶɩǯǞǭǵѫ ǲ Ǟǭ
ǑȑƲ ₉ȋ ᾚ ǵ☻Ҋș
ǔ ǏȒȉǵǮǶǉȑȅǢȚ

BARD

͈ǏǷBARDǶ ǵȏǍǱǚǯǓ
ǮǔȅǠ

ɵ ♪ǵ ᵂǲ ǏȒ

ɵ ♪ǲҍ ǱȱɱɄɱɂș
ǖȏǍǲ͒ ǠȒ

ɵ ♪ǲ ș ǜǢȒ

ɵ ♪ǲ șɄȷɆǠȒ

ɵ ♪Ǔ ș Ǎǵǲ☻ ǫ

ɵ ♪ǲΉѩӓǜȓǦ ᾚș
͑ǞȅǠ

ș ǒǲ▌ӓǠȒ▌ҘǱ
ɂɶɩǮǠ



AIǵᾛἶ ǯʴἶ ǵ Ǯǵ ͈(2)

CHATGPT

Ǯ ƵǱ ǓǉȑȅǠ

ò ᵂꜘ ǵȳɛɶɆ

ò ǵ ѹȋʹ

ò ҍ ǱɧȢɄȡɱȮǵȳɛɶ
Ɇ

ò ȋ ἶǵȳɛɶɆ

ò Ẇᶮ ǵἶ

 ɂɶɩǯǞǭǵѫ ǲ ǞǭǑȑƲ
₉ȋ ᾚ ǵ☻Ҋș ǔ ǏȒȉ
ǵǮǶǉȑȅǢȚ

BARD

͈ǏǷBARDǶ ǵȏǍǱǚǯǓǮǔȅǠ

ò ♪ǵ ᵂǲ ǏȒ

ò ♪ǲҍ ǱȱɱɄɱɂș ǖȏ
Ǎǲ͒ ǠȒ

ò ♪ǲ ș ǜǢȒ

ò ♪ǲ șɄȷɆǠȒ

ò ♪Ǔ ș Ǎǵǲ☻ ǫ

ò ♪ǲΉѩӓǜȓǦ ᾚș ͑Ǟȅ
Ǡ

ș ǒǲ▌ӓǠȒ▌ҘǱɂɶɩǮǠ



6.2 ↓ǵׄʣ(1)

ȱɱɒɣɶȽǵ ҘǶ ὕǲׄʣ

ȿɣɶɨɱȮɄȷɆɵɪɗɩ 1:

 ɶ ǤǵɄȷɆǮ˲ ʱȆǵ șїǠǲǶƲ

˲ ʱȆǵὈЋǱ ы Ǔ ǜȓȒɶ

32



6.2 ↓ǵׄʣ(2)

ɵɓɧɱɂɵɦɶȺɓɵȨɁəǵ ȵȷɄɞ

Ȗǡǒ ǒȐ Ǯ Ǟǋ ȵȷɄɞș
̸ȑǧǢȒ ș Ƴ

- ȵȷɄɞȱɱɄȷɆǮ ♬ ș Ƴ

    -ⱳ ǱǵǶǋȖǷƼɫȺɁȽȷɆɶɱƽ

ǉȒ ǵԍ ɄȫȷɆǯƲǤȓșѩǵ ǲ
ǞǦȉǵǧǘǱǵǧǓƲȵȷɄɞș̸ȒǲǶ
ʠ ѝǵ ǜȓǦ Ǔⱳ ǯǱȒƳ

33



6.2 ↓ǵׄʣ(3)

ɨȩɪɱɆɉɤɶɧɩɋɁɆɭɶȭ ɠɅɩḌ
ɅȱɶȾǲȏȒ (1)

˲ ǵ ₡ Ǳ̝ Ǯ ǠȒ Ǯ
ǶƲ₡ǲԝὭǱ ǵ ș ǞǱǓȐӴ ǵ
ș ǪǭǋȒǯǶ ǏǲǖǋƳ

Ǔ ǤǍǯǠȒ ḸǲḨǬǋǭƲѼ♥ǵӴ

ֿṲǓ ǲ ǠȒȏǍ ǲӴ ș Ǟǭ
ǋȒǯǯȐǏȒǵǓỈ►Ƴ

34



6.2 ↓ǵׄʣ(4)

ɨȩɪɱɆɉɤɶɧɩɋɁɆɭɶȭ ɠɅɩḌ
ɅȱɶȾǲȏȒ (2)

  ǚǵȏǍǱ Ҳșὕ ǵ ȵȷɄɞǲ►ǭ

ǶȈǭ ǏȒǯƲЊҘɅɶȽǯѧ ș֞ǘ֝
ȑƲїҘ ǵӴ ș ǲїҘǠȒȨɶɆɜɆ
ɱǵʝ ǯǞǭǯȐǏȒǚǯǓǮǔȒƳ

ǚǵȨɶɆɜɆɱǲⱳ ǯǱȒǵǶƲ ᷀ǵȵ

ȷɄɞǵ ǲḨǬǔƲїҘӴ Ѧǵ ǯǞǭ
ǵ ǜș ǞǦʣǮƲ ᶥǵїҘǯǞǭ ȉ
Ỉ►ǱӴ ș ὑǠȒ˿ ȆǮǉȒƳ

35



6.2 ↓ǵׄʣ(5)
ɨȩɪɱɆɉɤɶɧɩɋɁɆɭɶȭ ɠɅɩḌɅ
ȱɶȾǲȏȒ (3)

  ǚǵȏǍǱ˿ ȆǶ ɠɅɩǯᴀǷȓƲїҘ ǵ
șר ͪǠȒ Ǳ ǯǞǭƲר ƵǱ
ы ȵȷɄɞǵ ǯǞǭᾚЊǜȓǭǔǦƳ

  ɠɅɩǵ ǶƼ ֒ǵЊҘ ѦǒȐ ᶥǵї
ҘӴ ǵѝ⁹ș ȈȒ ɠɅɩƽǮǉȑƲӴ ǵ
ѝ⁹ǵὑ╛ӓǲȏȑƲẎǔǖn-gram ɠɅɩǯɨ
ȩɪɱɆɉɣɶɧɩɋɁɆɭɶȭ ɠɅɩ
(Recurrent Neural Network Language Model; RNNLM)ǵ
2 ǲẎѩǜȓȒƳ

36



6.2 ↓ǵׄʣ(6)

ɨȩɪɱɆɉɤɶɧɩɋɁɆɭɶȭ ɠɅɩḌɅ
ȱɶȾǲȏȒ (4)

  ₴ǵ ǮǶRNNLMș ȵȷɄɞ
ǯǞǭ ǠȒȉǵǓṔǏǫǫǉȒƳ

  ᶫǶƲRNNșК ǯǞǭ ǞǦ ɠɅɩ
RNNLM ǮǉȒƳ

ֿ ǵɋɁɆɭɶȭ Ƕ1980₴̈ǲ ǲ ǜ
ȓǭǋȒǓƲ ɠɅɩǲꜘ ǞǦɝȱɫɓ Ȑǵ
ǶƲɅȡɶɕɧɶɉɱȮǵ ș ы

ǲ ЊǜǢȒẤ ǯǱǪǦ ǮƲ ы
ǵ ǯǞǭ Ǳ̬ ǲǉȒƳ 37



6.2 ↓ǵׄʣ(7)

ᶫ RNNș̓ ǞǦ ǵ˿ Ȇ RNNLMḌɅȱɶȾ

ᶫ RNNǵḨ

38



6.2 ↓ǵׄʣ(8)

ɨȩɪɱɆɉɤɶɧɩɋɁɆɭɶȭ ɠɅɩḌ
ɅȱɶȾǲȏȒ (5)

  RNNLMǵїҘӴ șЊҘǲɓȡɶɇɎɁȭǜ
ǢȒǚǯǮƲЊҘǯǞǭRNNǵѧ ɗȭɆɩ

ǵȆș֞ǘ֝ȑƲ ȅǮ Ҳ ǲӴ ș Ǟ
ǘȒ ȵȷɄɞ(ɅȱɶȾ)ș Ǡ

ȒǚǯǓǮǔȒƳ

ǚǵȏǍǱ˿ ȆșRNNLMḌɅȱɶȾǯᴀǽƳ

39



6.2 ↓ǵׄʣ(9)
ȦɱȱɶȾɵɅȱɶȾɠɅɩ(1)

 RNNLMḌɅȱɶȾǵѧ ɗȭɆɩǶƲ
ǲǶӴǱȒὕ ɗȭɆɩǮǉȑƲ ǵ
ǲⱳ Ǳ ḸǓ ǜȓǭǋȒǚǯ̊ẆǲǶḨ
ǲΙǵѰ ǓᵂȖȓǱǋƳ

ǫȅȑƲЊҘ ḸșӴʝǵὕ ɗȭɆɩǲȦɱ
ȱɶɇǠȒ̑ ǵ ȦɱȱɶȾ ș ǠȒǚ
ǯǓ֯ ǮǉȒƳǚǵ ⱪǲȏȑƲ♫ ǵЕ̱ Ǳ
ɅɶȽ șЊҘɅɶȽǯǞǭ̓ ǠȒ
ȵȷɄɞǲ ȀǭƲRNNLMḌɅȱɶȾǶ ƵǱЊ
ҘǯɠɅɩ ǲ ǞȋǠǋǯǋǍ ⱪǓǉȒƳ
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6.2 ↓ǵׄʣ(10)
ȦɱȱɶȾɵɅȱɶȾɠɅɩ(2)

 ̲ȐǒǵɉɣɶɧɩɋɁɆɭɶȭǲȏȑ ǜ
ȓǦȦɱȱɶȾșɅȱɶȾǲ ǠȒǚǯǮƲȦɱ
ȱɶȾǯɅȱɶȾ֙ șӴʝǵɉɣɶɧɩɋɁɆ
ɭɶȭǯ ǱǞǭֿ ǲἶ ǠȒǚǯǓ֯ ǯǱȒƳ
ǚǵȏǍǲƲʴ ɅɶȽș˺ǞǭȦɱȱɶȾǯɅ
ȱɶȾǓᾍׄǠȒ◐Ǯ ǜȓǦɉɣɶɧɩɋɁɆ
ɭɶȭǶƲƼȦɱȱɶȾɵɅȱɶȾɠɅɩƽǯᴀǷ
ȓȒƳ

  ȉѧ ǵȦɱȱɶȾɵɅȱɶȾɠɅɩǯǞǭƲ
ȦɱȱɶȾǲȉɅȱɶȾǯȂȃֿ ǵRNNșρǏǦ
ȦɱȱɶȾɵɅȱɶȾ ɠɅɩǓ ǙȐȓȒƳ
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6.2 ↓ǵׄʣ(11)

ȦɱȱɶȾɵɅȱɶȾɠɅɩ(3)

 ǚȓǲ șқǏǦɠɅɩǶƲ ᷀ǵ
ȵȷɄɞǵʺ ǵ ǮǉȑƲ2014₴ ǒ

Ȑ Ǳ׀ ȱɱɘɄȡȵɥɱǲǑǋǭ Ƶǯ
↓ș Ǟ ǘǭǋȒǵǶ ǲ ǞǋƳ

  ᶫǶGoogleǓ2016₴ǲ ǞǦ ȵȷɄ
ɞƼGNMTƽ(Google Neural machine Translation)ǮƲ

ǲǶȦɱȱɶȾɵɅȱɶȾ ɠɅɩǲ
ǋǖǫǒǵ șқǏǦȉǵǮǉȒƳ
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6.2 ↓ǵׄʣ(11)

ᶫ ȦɱȱɶȾɵɅȱɶȾɠɅɩ ǵḹֻ
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6.2 ↓ǵׄʣ(12)

ȦɱȱɶȾɵɅȱɶȾɠɅɩ(4)

  ʟ ǶƲȦɱȱɶȾɵɅȱɶȾ ɠɅɩǮϼ
ǵ͈Ƽl have an appleƽșƼ ǶȑȚǛș Ǫǭǋ
Ȓƽǲ ǠȒ͈ș ǞǭǋȒƳȅǡȦɱȱɶȾǓ
Ӵ ƼIƽƼhaveƽƼanƽƼappleƽș ǲ Ȇ
ȆƲʴ ɅɶȽǮǉȒѧ ɗȭɆɩș ǠȒƳ

  ɅȱɶȾǶѧ ɗȭɆɩș֞ǘ֝ȑƲ ǵ
ǲǞǦǓǪǭӴ ѦƼ ƽƼǶƽƼȑȚǛƽ

ƼșƽƼ ǪƽƼǭƽƼǋȒƽș ǠȒƳ

ǚǵɠɅɩǵḹֻƲѧ ɗȭɆɩǓЊҘ ǲ
ǠȒ ḸșЋǭ ǏǭǋȒǚǯǶ ȐǒǮǉȒƳ
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6.2 ↓ǵׄʣ(13)

ȦɱȱɶȾɵɅȱɶȾɠɅɩ(5)

  ȦɱȱɶȾɵɅȱɶȾ ɠɅɩǶЊїҘ
Ǔǯȉǲ֯Ẁ ǵӴ ѦǮǉȒǚǯǒȐ
ƼSequence to SequenceɠɅɩƽǯȉᴀǷȓȒƳ

  ȅǦƲӴʝǵɉɣɶɧɩɋɁɆɭɶȭǮЊҘǒ
ȐїҘȅǮǵЋǭș ǍɠɅɩșƼEnd to Endɠ
Ʌɩƽǯ ǠȒǚǯǓǉȑƲȦɱȱɶȾɵɅȱɶ
ȾɠɅɩǶEnd to EndɠɅɩǵȳɔȹɁɆǮǉȒ
ǯǋǍǚǯȉǮǔȒƳ
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6.2 ↓ǵׄʣ(14)
ȦɱȱɶȾɵɅȱɶȾɠɅɩ(6)

  ᶫǲ ǠȏǍǲƲRNNLMḌɅȱɶȾș̓ ǞƲ
ȦɱȱɶȾ ѝșЊҘɅɶȽǲ ǞǦɋɁɆɭɶȭ
ǲẀ ǠȒǚǯǮƲ ƵǱɅɶȽ◐╛ǒȐ
ș ǠȒȵȷɄɞș ֯ ǮǉȒƳ

͈ǏǷƲѼ ǵȏǍǲ ș֞ǘ̂ǘȒȦɱ
ȱɶȾǯș̓ ǠȒǚǯǮ ȋ Ҳ ȵȷ
ɄɞǵḨ Ǳ ș̸ȒǚǯǓǮǔƲCNN ǵ
ϑș ֯ ǱɋɁɆɭɶȭșȦɱȱɶȾǯǠȒǚ
ǯǮƲȫɡɕȵɥɱȋ ǵἬ₫ɵǉȐǠǟǵ
șὕ ǠȒǚǯǓǮǔȒƳ
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6.2 ↓ǵׄʣ(15)

ᶫ ƵǱ Ǯ̓ ֯ ǱRNNLMḌɅȱɶȾɠɅɩ 47



6.2 ↓ǵׄʣ(16)

ȦɱȱɶȾɵɅȱɶȾɠɅɩ(7)

ὕ ǵ˲ ǵ Ҳǯ ǞǦ ǯǞǭǶƲ
MRI(functional Magnetic Resonance lmaging ;

fMRI) ϑș ǠȒȦɱȱɶȾș ǠȒǚǯ

ǮƲ Ҳǵ ḸǒȐ ș ǠȒ ȆǓ
ǉȒƳ

ǚǵȏǍǲƲ♫ ɠɅɩ ǲ Ǔ ǞǒǪǦ

ɅɶȽ ֿṲǓƲȦɱȱɶȾɵɅȱɶȾɠɅɩ
ǵ ȆǵʤǮ ǲ ֻǠȒǚǯǓ֯ ǯ
ǱǪǦ Ƕ ǲΙǠȒƳ
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6.2 ↓ǵׄʣ(17)

ɨȩɪɱɆɉɤɶɧɩɋɁɆɭɶȭ ɠɅɩḌɅ
ȱɶȾǲȏȒ ǵ (1)

ƵǱЊҘǲᾍǞǭ ҧרǓ ♅ǜȓȒRNNLMḌɅ
ȱɶȾ(֗ǺȦɱȱɶȾɵɅȱɶȾɠɅɩ)ǮǉȒǓƲ
♫ Ḍǵ ȵȷɄɞǲǶἭ᷀ǞǱǒǪǦ
ǵᵂ Ǔ Ἥ᷀ǠȒǚǯȉḸףǜȓǭǋȒƳ

ǲƲӴ Ǳ ǵRNNLMḌɅȱɶȾǶѧ
șʦǏȓǷЋ ҲǮҲ̸ǠȒǦȈƲẆ ǒȐɅȱɶ
Ⱦǵ ҲșѰⱣǠȒ ǓἭ᷀ǞǱǋ ǓǞǷǞǷ
ᵂ ǯǱȒƳǚȓǲȏȑ╠ǔ ǚǜȓȒʺǱᵂ ǯ
ǞǭƲƼ ƽƼ ʥ ƽǵ2 ǓǉȒƳ
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6.2 ↓ǵׄʣ(18)

ɨȩɪɱɆɉɤɶɧɩɋɁɆɭɶȭ ɠɅɩḌ
ɅȱɶȾǲȏȒ ǵ (2)

  ǵ ǯǶƲɅȱɶȾǵ Ǔ̲Ȑ
ǒǵʥҲ ǲ ǪǭǞȅǋƲֿǟ Ḹș ȑ Ǟ
(ǞǷǞǷ ǲ)їҘǞ ǘȒǚǯș ǠƳ

ǵ ʥ ǯǶƲ ǲƲ ⱳ Ǳ
ǵʝ șȷȫɁɕǞǭǞȅǪǦǓǦȈǲƲЊҘ
ǯǞǭʦǏȐȓǦ Ḹǵʝ ǵȆǓ ǯǞ
ǭїҘǜȓǭǞȅǍǚǯșǋǍƳ
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6.2 ↓ǵׄʣ(19)

 RNNLMḌɅȱɶȾǲǑǘȒЖḌ Ǳ Ҳ̸͈
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6.2 ↓ǵׄʣ(20)

ɨȩɪɱɆɉɤɶɧɩɋɁɆɭɶȭ ɠɅɩḌ
ɅȱɶȾǲȏȒ ǵ (3)

   ǚǵȏǍǱᵂ ǓǰǵȏǍǱ ̏Ǯ ǠȒǵ
ǒǶ˹ǵǯǚȔ Ǟǋ ǓǱǜȓǭǋǱǋƳ

  ɠɅɩǵ ș›ẑǠȒǚǯǲȏǪǭ ǲ

ᶥ ǠȒǦȈǵ ȉ ǜȓǭǋȒǓƲ
ǲ ǜȓǦǯǶ ǋǓǦǖƲ˹♥ǵ ǱȒ
Ǔ♅ǦȓȒƳ
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ɔɶɞǵ
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ԍ
This is a  song I learned when I was a kid.

[start]Esta es una cancion que aprendi cuando era chico [end]

ԍ
I'm not who you think I am. 

[start] No soy la persona  que t creo que soy [end]

ԍ
It may have rained alittle last night.

[start] Puede que llueve un poco el pasado [end]

TransformerɠɅɩǵ ͈

6.2 ↓ǵׄʣ(25)

54

ǀїЖǁ
PythonǲȏȒ

Ʌȡɶɕɧɶ
ɉɱȮ



ǵǦȈǵtransformer ǵ ρ

6.2 ↓ǵׄʣ(26)

55

TransformerɗɶȷǵSequence to SequenceɠɅɩș

ȷɘȢɱ

ǀїЖǁ
PythonǲȏȒ

Ʌȡɶɕɧɶ
ɉɱȮ



TransformerɠɅɩǮ Ǟǋ ș

6.2 ↓ǵׄʣ(27)

56ȷɘȢɱ

ǀїЖǁ
PythonǲȏȒ

Ʌȡɶɕɧɶ
ɉɱȮ
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6.2 ↓ǵׄʣ(30)



6.3 ǲǑǘȒ (1)
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6.3 ǲǑǘȒ (2)
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6.3 ǲǑǘȒ (3)
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6.3 ǲǑǘȒ (4)
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6.3 ǲǑǘȒ (5)
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6.3 ǲǑǘȒ (6)
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6.3 ǲǑǘȒ (7)
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6.3 ǲǑǘȒ (8)
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6.3 ǲǑǘȒ (9)
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6.3 ǲǑǘȒ (10)
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6.3 ǲǑǘȒ (11)
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