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─▬fiⱤ◒♩ 

 

 │⁸╕∆╕∆ Artifitial Intelligence ⌐ ∆╢ⱱ♇♩⌂ ⅜ ↄ⌂╡⁸ ⌂≥

≢╙ⱦ☺Ⱡ☻┼─ ⅜ ╕∫≡⅔╡⁸╕↕⌐ Ⱪכⱶ ≤ ⅎ∕℮≢№╢⁹ ⌐╙ ⌐ ∆╢

⅜ ╡ ⅜╢ ≢⁸₈ ⌐╟╡ │ ╩ ╦╣╢─≢│⌂™⅛₉≤™∫√ ╙ ⌐⌂∫≡™╢⁹ 

 ↓╣⅜ ⌐№∫√ ⌂ Ⱪכⱶ─ ⌐ ⅞⌂™─⅛⁸№╢™│ │ ⌐ ⌂Ⱪ꜠▬◒☻ꜟ

⅜כ ⇔∕℮⌂─⅛⁸ ╩ ⇔√ ≢ ╩ ⅎ≡ ╩ ⇔√™⁹ 

 

Ⱪכⱶ─  

 

 ⱦ☺Ⱡ☻ ≢│⁸ ⌂Γ ╡ Δ╙ ↄ ∆╢⁹ ⌂╙─⅛≥℮⅛│⁸№╢ ⅜

⇔⌂™≤ ╠⌂™↓≤⅜ ™⁹ 

│ ─╟℮⌐ ⌐ ─Ⱪכⱶ⅜№∫√[1]⁹ │ ≢ ─╟℮⌂ ⅜ ⇔√⅜⁸◖fi

Ⱨꜙכ♃─ HW⁸ ─ ─ ⅜ ╠⅛⌐⌂╢≤≤╙⌐Ⱪכⱶ⅜ ╦╡⁸ │◄◐☻Ɽכ♩◦☻♥

ⱶ⌂≥≢ ⅜ ┘ ╠╪∞⅜⁸ ⌂ ╩ꜟכꜟה ∆╢↓≤─ ⇔↕⅜ ≤ ─ ≢ ⅛∫≡⅝≡Ⱪ

│ⱶכ ┘ ╪∞⁹∕⇔≡ │ ─Ⱪכⱶ≤ ⅎ╢⅜⁸ √⇔≡ ─ ≤⌂╢─⅛⁹ 

─Ⱪכⱶ≢│⁸ ╣⌐⌂╢ ╙ ╢ ≢⁸ ─ ⅜◦fi◑ꜙꜝꜞ♥▫ ≤⇔

≡ ↕╣⁸ ⱱכ◐fi◓⁸ ☼כ♃כ⸗ꜝ☻♥ CEO▬כ꜡fiהⱴ☻◒⁸ⱴ▬◒꜡♁ⱨ♩ ⱦꜟה

◕▬♠⌂≥─ ╙ ┼─ ╩ ⇔≡™╢[1]⁹◦fi◑ꜙꜝꜞ♥▫│⁸ ⅜ ⇔≡ ╟╡ ™

╩ ╡ ⇔⁸ ╩ ⅜ ≢⅝⌂ↄ⌂╢ ╩ ⇔⁸∕╣│ 2045 ⌐ ∫≡™╢≤╙ ╦╣╢[2]⁹ 

 

 Ⱪכⱶ─ [1]  

 

╕√ ─ ⌂ ⌐╟╢ ⌂ꜞ☻◒│⁸○♇◒☻ⱨ◊כ♪ ─ ⌂ (2013 )⌐№╢╟℮

⌐⁸ ™ ⌐ ↄ─ ⅜ ⅛╠ ╦╣╢╟℮⌂ ⌐╙≈⌂⅜╢[1] [3]⁹∕─ ≢│ 10 20 ╒≥

≢⁸ ⌐╟╢ 702 ─℮∟ 47%─ ⅜◖fiⱧꜙכ♃⌐ ╦╠╣╢ꜞ☻◒⅜ ™⁸≤↕╣╢⁹ 

 ↓─╟℮⌂ ╛ꜞ☻◒⅜ ╦╣╢ ⌐│⁸ ╩ ∆╢ ≢№╢ ─ ⌐╟╡⁸♁ⱨ♩

⅜ ⌐ ≢⅝╢ ⅜ ⅝ↄ ⇔√↓≤⅜№╢⁹↓╣⌐╟╡ ⅎ┌⁸◖fiⱧꜙכ♃ ⅜ ⌐ ↄ

⌂∫√⇔⁸ ⁸Ɽ♃כfi ⌂≥─ ≢╙ ⇔™ ⅜№∫√⁹ 

כ♫♩כ● ─ ⌐ ∆╢꜠ⱳ2015)♩כ )[4]⌐╟╣┌⁸ (Machine Learning) ⅜₈Ɫ▬ⱪ
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◘▬◒ꜟ₉ ⌐ Γ ─Ⱨכ◒Δ╩ ⅎ√ ≤⇔≡ ╘≡ ⇔≡™╢⁹₈Ɫ▬ⱪ◘▬◒ꜟ₉≤│⁸ ⇔

™ ⅜ ⇔√ ─ ⅝╩ ⇔√╙─≢⁸ ≢│ │ ≢ ⌐ ╢≤↕╣≡™╢⁹∟

⌂╖⌐Γⱦ♇◓♦כ♃Δ│ ╕≢ ─ ≤ √ⱳ☺◦ꜛfi⌐№╡ 2015 ≢│ ⅎ√⅜⁸↓╣│

Γⱦ♇◓♦כ♃Δ⅜ ⌐ ⌐ ╡⁸ ─ │ ⅞√≤ ↕╣√╟℮≢№╢⁹ 

₈ ₉─ ⌂ ─ ╩⁸Google♩꜠fi♪ ⅜≥╣╒≥ ↕╣√⅛╩ ≢ꜟכ◔☻

∆◓ꜝⱨ ≢ 2004 ⅛╠√≥∫≡╖╢≤ ─ ╡≢⁸ ╕≢ ⅜ ⇔≡™√↓≤⅜ ⅛╢⁹

─ Ⱨכ◒│ 2004 2 ≢ 100 ⁸ Ⱡ♇♩⁸ꜟꜝכꜙ♬─ ─ │⁸∕╣

∙╣ 64⁸26≢№∫√⁹∕─ 2011 7 ≤ 2015 9 ─ ─ │⁸∕╣∙╣ 20ќ30⁸11ќ15⁸

9ќ31≢⁸ ─ ⅜ ╩ ∫√ ⌐ ⇔⁸ │ ⅜ ╕∫√≤↓╤≤ ╠╣╢⁹ 

 

 Google ─ ─▪ꜟⱨ□ⱬ♇♩│♬ꜙה☻כⱫ♇♪ꜝ▬fi─ ╩ ∆  

 

─Ⱡ♇♩ ⌂≥╩ ≡™╢≤⁸ ≢ ↕╣ ↕╣╢ ╙ ∂╠╣╢⅜⁸ ↕╣

╢╟℮⌂ ╛ꜞ☻◒│ ⌐⌂╢─∞╤℮⅛⁹╕∏⁸ ─ ╩⅔↕ⅎ╢↓≤⌐∆╢⁹ 

 

↕╣╢ ⱳ▬fi♩ 

 

 ─ ─ ─ │⁸ ∆╢ ─ ≢№╢⁹▬fi♃כⱠ♇♩ ≢ ⅜♃כ♦⌂

⌐⌂╡⁸♁ⱨ♩►▼▪⅜ ⌐ ≢⅝╢╟℮⌐⌂∫≡⁸ ⅛╡╛∆™ ≢ ⅎ┌⁸ ♁ⱨ♩│ ─

╩ ⅎ≡ ↄ⌂╢↓≤⅜≢⅝⁸ ─ⱪ꜡ ⌐╙ ∆╢ ╩ ≈╟℮⌐⌂∫√⁹ ⅜ ⇔√

꞉♩♁fi│ ╩ ⌡≡ 2011 ⌐◒▬☼ ₈☺ꜛⱤ♦▫ ₉≢ ─♅ꜗfiⱧ○fi⌐ ≈↓≤⅜≢⅝√⁹ 

≤⌂◓fi♬כꜝⱪכ▫♦⁸│≢↓↓  ─ ╩ ≈─ⱳ▬fi♩⅛╠ ⇔ ⌐ ╩ ∆╢⁹ 

 

A. ▪ⱪ꜡כ♅ 

(reasoning)│ ⇔™ ╩ ╖ ∆√╘─ ⅝≢№╡⁸ ─ ⅜№╢⁹ 

─ (deduction)≢│ ⌐ ⇔™ ⅜ ─☻כⱬהꜟכꜟ⁸╣╠ ╛₈ ─ ₉⌂≥≢

╙ ™╠╣╢⁹™╕─ ⅜ ╩ ∆╢─⌐ ⅛∑⌂™─⅜ (induction) ≢⁸ ∆╢ ─ ╩

╕≤╘≡ ⇔√ ╩ ⅝ ∆⁹↓─ │ ⌡ ⇔™⅜⁸ ⌐ ⇔™≤™℮ │⌂™⁹↕╠⌐

⌂ ∞↑≢│ ≢⅝⌂™↓≤⌐ ⇔≡ ∆╢ (abduction)╙№╢⁹ ─

⁸ ⌂≥ ≢│⁸ ─ ⌐ ⇔ ╩ ⇔≡ ╩ ℮ ⅜№╢⅜⁸℮╕ↄ ╩ ℮↓≤⌐

│ ⇔↕⅜№╢⁹ 

↓╣╠╩ ⇔≡ ∆╢≤ ─╟℮⌐⌂╢⁹ 
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 ─ ▬ⱷכ☺  

 

 ─▬fi♃כⱠ♇♩ ⌐│►▫◐Ɑ♦▫▪╩│∂╘≤⇔≡ ⌂ ⅜ ↕╣≡⅔╡⁸ ⌂

╖─ ≢ ⁸ ⌐ ╩ ╡ ╘╣┌⁸꞉♩♁fi─╟℮⌂ ╩╙√╠∆↓≤⅜≢⅝╢⁹ 

⌐ꜟכꜟ─≡≈⅛⁸│≡™⅔⌐  ≠™√ ▪ⱪ꜡⁸╠⅛♅כ ─ ─ כ◖╢№≢

Ɽ☻╩ ⌐♃כ♦⌂℮╟╢∆ ≠ↄ ▪ⱪ꜡כ♅⅜ ⌐⌂∫≡™╢⁹ 

 Ɽ♃כfi ─ ≢╙ ⅝ ⁸ ⌂≥≢⁸ ♃כ♦╢╟⌐ ⅛╠ ™ ─

⸗♦ꜟ⅜ ╠╣≡™╢⁹ 

 ─ ≢│ ⌂▪ⱪ꜡כ♅⅜ ⌂ ╩ ⌐♃כ♦⁹╢™≡⇔√ ≠ↄ │

≢№╡⁸ⱦ♇◓♦כ♃⅛╠ ⇔™ ╩ ╢ ─↓ⱴ▬♬fi◓⌂≥╙⁸♃כ♦⌂ ⌐ ╣╢↓≤⅜≢

⅝╟℮⁹ 

  Ⱡ♇♩ [5]╩ ∆╢≤⁸₈ ─ AI │ ⌂▪ⱪ꜡כ♅⅜ ∞∫√⁹ ─ ≈ ╩ₐ╙⇔

Ν⌂╠┌ ≢№╢ ≤e™℮ꜟכꜟ─ ≢ ꜟכꜟ─⧵⁸⇔ ╩a ⱬכ☻ ≤e⇔≡ ∆╢↓≤╩ ∫√

◄◐☻Ɽכ♩◦☻♥ⱶ─╟℮⌂ ╖│ ⌐≈╕∏™√⁹↓─▪ⱪ꜡⁸≢♅כ ≤ ─ ╛ ─

╖╩⸗♦ꜟ ∆╢─│ ⌐ ∞⅛╠∞⁹₉ 

   

B. ⇔√♬ꜙכꜝꜟⱠ♇♩꞉כ◒ 

 ─ ╩ ╢ ╖≢ ╩♃כ♦ ∆╢↓≤⌐╟╡⁸Ɽ♃כfi ⌂≥─ ╩

│⌐◒כⱠ♇♩꞉ꜟꜝכꜙ♬╢⅝≢ ™ ⅜№∫√⅜⁸ ─ ≢ ⅝ↄ ⇔√⁹ⱳ▬fi♩│Ⱡ

♇♩꞉כ◒─ ╩ ה ⌐ ◓fi♬כꜝⱪכ▫♦√⅝≢ ≢⁸∕╣⌐╟∫≡

⌐ ⌂ ⅜ ⌐⌂∫√⁹ 

Ⱡ♇♩│⁸ꜟꜝכꜙ♬─  ≤ ─ ⌐

╣ ⅜ ≈ ╢ ─╙─⅜ ≢№

∫√⁹ ⌂ │ ∆╢⅜⁸ ♃כ♦

─fi꜡כꜙ♬╠⅛ ─ ╖ Ɽꜝⱷכ♃ ╩ ⇔

╩♩♇Ⱡꜟꜝכꜙ♬≡ ⇔√ │⁸∕╣⌐ ⇔™♦

╩♃כ ⇔≡ ⌂ ╩ ╢↓≤⅜≢⅝╢⁹

│ ╡ ⇔≡ ↑╢↓≤╙≢⅝╢⁹ 

│♩♇Ⱡꜟꜝכꜙ♬ ⁸Ɽ♃כfi ⁸ ⌂≥─ ≢ ↕╣⁸₈ ™ ⅜ ╠╣╣┌ ₉

 

  ₈ ─⌂™ │ ⇔ ╣╩ ↓∆₉   ₈ │ ⅜⌂™₉  

   Ҝ ₈ │ ⇔ ╣╩ ↓∆₉  

 

 

  ₈ ( )│ ⅜⌂™₉   ₈ ( )│ ⇔ ╣╩ ↓∆₉  

   Ҝ ₈ ─⌂™ │ ⇔ ╣╩ ↓∆₉  

 

 

  ₈ │ ⇔ ╣╩ ↓∆₉   ₈ ─⌂™ │ ⇔ ╣╩ ↓∆₉  

   Ҝ ₈ │ ⅜⌂™₉  

 

 ⌂3 Ⱡ♇♩꞉כ◒─▬ⱷכ☺  

 

 

 

  ╣  

 

 

A  

B  

 

╖ 
 

↑ 

 

╖ 
 

↑ 
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≢₈ ∕─╟℮⌂ ⅜ ╠╣╢─⅛₉│ ⌐↕╣╢ ⌐ ≢№╢⁹√≤ⅎ┌⁸ ─

╖ ╡≢ ⅝─ ╩ ⇔ↄ ⁸☻כ◔™√⇔ ╩ ∆╢ ─ ⅛╠♫fiⱣכⱪ꜠כ♩─ ╩

⇔ↄ ╖  ⁹╢№≢≤⌂☻כ◔™√╡

↓↓≢ ⌐♩♇Ⱡꜟꜝכꜙ♬⁸│≥↓⌂ ↕∑╢√╘─ ♃כ♦ ₈ ⇔™ ₉ ⅝─ ♃כ♦

╩ ⌐ ≢⅝╢↓≤⁸ ╠⅛♃כ♦ ⌂ ─ ⌂╠┌⁸ ⅜╡ ⁸ ⅛╠─

⌂≥ ╩ ⇔≡ ∆╢↓≤≢№╢⁹ ⌐ ─₈ ⌂ ₉│ ⅜ ─ ↔≤⌐ ⅎ╢

⅜№╡⁸ ─ ╩♃כ♦ ∆╢∞↑≢Γ ⅜Ⱡ♇♩Δꜟꜝכꜙ♬™ ↕╣╢╦↑≢│⌂⅛∫√

≢◓fi♬כꜝⱪכ▫♦⁸⅜ ⌂ ⅜№∫√⁹ 

 

ᵑ ⌂⇔ ─  

│ꜟ◓כ◓  2012 ⌐⁸ꜚ ─Ⱪכꜙ♅כ ⅛╠ ╡ ⇔√ 1000 ─ ⌐♩♇Ⱡꜟꜝכꜙ♬╩ ⇔

≡₈ ₉─ ╩ ↑╢↓≤⅜≢⅝√≤ ⇔√[1] [6][7]⁹↓╣│ ─ ╩ ⌐ ⅎ≡⅔™√╦↑≢│

⌂ↄ⁸ ─ ─ ╩♃כ♦ ↕∑√╦↑≢╙⌂ↄ⁸♬ꜙכꜝꜟⱠ♇♩⅜ ⌐ ⇔√ ≢№∫√⁹ 

       

 

 

 

 

 

 

 

 

 

 

 

 │⁸ ─ꜟ◓כ◓∂ ⱶ⅜₈כ♅ ─ ₉╩ ⌐ ↕∑√ ≢№╢[7]⁹ 

 ↓─↓≤│ ⅜ ─ ╩ ⌐ ⇔⁸ ─ ╩ ╡∏⌐ ⌐ ╩ ≢⅝√↓≤╩

∆╢⁹↓╣╩ ⇔√ ⅜ (autoencoder)≢№╢⁹ 

 ⅛╠─ │⁸ №╡ (supervised learning) ≤ ⌂⇔ (unsupervised learning) ⌐

↑╠╣╢⁹ │⁸ ─ ♃כ♦ ⌐כꜞ◗♥◌─≤⅜ ↕╣╢⅛≤™℮ꜝⱬꜟ╩ ╪≢™╢

╢№≢♃כ♦ ≢⁸ │⁸∕─╟℮⌂ ™⌂│≢♃כ♦ ꜝⱬꜟ⌂⇔─ ╠⅛♃כ♦ ∆

╢ ≢№╡⁸Ɽ♃כfi ≢≤⌂◓Ⱨfiכꜟ◓⁸ ↕╣╢⁹ 

 ↕╠⌐ │⁸ (self-taught learning) ≤™℮ ╙ כꜞ◗♥◌⁸│╣↓⁹╢∆ ꜝⱬ

ꜟ─ ╠⅛♃כ♦™⌂™≡™ (representation) ╩ ⇔√ ≢⁸∕─ ╩ ™≡ꜝⱬꜟ ⅝♦

─♃כ ╩ ∆╢≤™℮ 2 ⅎ─╙─≢№╢[8]⁹∕─ 1 ≢ ⌐ ™ ⅜ ╠╣≡™╢─

≢⁸2 ≢│ꜝⱬꜟ ⅜♃כ♦⅝ ⌐⌂ↄ≡╙╟™⁹ │↓─ ≢ ↕╣╢⁹↓─╟

℮⌂ ⅜ ↕╣√─│⁸ꜝⱬꜟ ⅝─ ╩♃כ♦ ⌐ ╘╢↓≤⅜ ≢№╢√╘⁸ ⌐

╩♃כ♦ ™≡ ─ ╩ →╟℮≤∆╢↓≤⅜ ≢№╢↓≤⌐╙╟╢⁹ 

 │⁸ ≤ ─Ⱡ♇♩꞉כ◒⅛╠ ↕╣╢⁹ Ⱡ♇♩꞉כ◒(encoder)≢│

─ ╩ ™⁸∕╣╩ Ⱡ♇♩꞉כ◒(decoder)≢ ─ ⌐ ↄ⌂╢╟℮⌐ ∆╢ ⇔

⇔™ │[1]⌐№╡⁸↕╠⌐ ⌐│[7]╩ ⁹ 

⅜♩♇Ⱡꜟꜝכꜙ♬  ⇔

√₈ ☺כⱷ▬הfi꜡כꜙ♬─₉

⅜♩♇Ⱡꜟꜝכꜙ♬  [7] ╙₈ ₉╠⇔™

≤ ♃כ♦ה♩☻♥√⇔ [7] 
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 │⁸ ─ ╩ ⌐ ⇔≡ ∆╢ ╖─▬ⱷכ☺ ≢№╢⁹

┌ⅎ≥√⁸│♃כ♦ 256×256 ⌐ ⱷ▬─ꜟכ◔☻כ꜠◓√╣╠

⁸┌╣∆≥☺כ 6 5 ⁹╢⌂⌐♃כ♦─  

≢│⁸ ⱪ꜡☿☻≢♦כ♃╩≢⅝╢∞↑ ∆╢ ⌐ ╙

⌂ ╩ ┬╟℮⌐⇔≡⅔╡⁸↓─ │ ─ ⌐ ≠™≡™≡⁸

─ ─ ≢№╢ ≤ ⇔≡─ ⌐ ⇔√≤

⅝─ ─▬ⱷכ☺─ ─ ↕⁸ ∆═⅝▬ⱷכ☺─ √≤ⅎ┌

⅝ ─ ≢№╣┌ 0 9─ ↑ ─ ⅜[9]⌐ ↕╣≡™╢⁹ 

 ▬ⱷכ♦ה☺כ♃ ⌐⁸♪◐ꜙⱷfi♩ ─√╘─ ─ ╙[9]⌐

─כ♃▬꜡⁹╢™≡╣↕ 80 ─ ╩⁸2000 ─ ⌐ ≠ↄ♪◐ꜙ

ⱷfi♩ ─ ⱬ◒♩ꜟ≢ ⇔⁸ ╩ ™≡ ™ ─ ╠╣

√↓≤⅜▬ⱷכ☺ ≤≤╙⌐ ↕╣≡™╢⁹ 

 ⌐ ₈─ꜟ◓כ◓√⇔ ₉─ ≢│ ⌐⁸ ─ ⌂♦

◓fi♬כꜝⱪכ▫ ≢№╢ ╖ ╖Ⱡ♇♩꞉כ◒╙ ↕╣≡™√⁹ 

  

ᵒ ⱨ▫ꜟ♃ꜞfi◓╩ ∆╢ №╡ ╖ ╖Ⱡ♇♩꞉כ◒  

2012 ⌐♩꜡fi♩ ─ ⌂כꜝꜙⱶ⅜⁸ⱳⱧכ♅ ─◖fiⱭ

♥▫◦ꜛfi≢ ─♃כ♦ ⌐ ╖ ╖Ⱡ♇♩꞉כ◒ №╡ ╩ ™

≡⁸↓╣╕≢⌐⌂™ ™ (84.7%)─ ╩ ⇔√[10]⁹ 

╠⅛כꜞ◗♥◌⁸1000│≢↓⧵ ╢ 120 ─ ╩♃כ♦ ⇔⁸15

≢♃כ♦─ ╩ ⇔≡™╢⁹ ≢│⁸ ↄ─ ⅜♃כ♦ ─ ╩ ╪≢™╢↓≤⅛

╠⁸ ─ ₁ ╢╟⌐ⱶ☼ꜞ◗ꜟ▪⅜כꜞ◗♥◌╢™≡╣↕ ─ 5 ─℮∟≢№╣┌

≤⇔≡™╢⁹ 

⁸│◒כⱶ─Ⱡ♇♩꞉כ♅ 3(RGB)×224×224 ⁸ 1000 ≢⁸7 ─ ╣ ╩

∟⁸ ↕╣√Ɽꜝⱷכ♃│ 6000 ≢№∫√⁹↓╣╒≥─Ɽꜝⱷכ♃ │⁸ ─ ⌐⁸

⅜♃כ♦ ⅛∫√≤⇔≡╙⁸ ≢ ◓ⱨ▫♇♥▫fiכⱣכ○╢╣ ─ ─ ╩ ≤∆╢⁹ 

 ↓─╟℮⌐ ─ ™ ⅜ ╠╣√─│⁸ ⌂ ♃כ♦ ꜝⱬꜟ ⁸ ⌂ GPU⁸⸗♦ꜟ

⅜ ∫≡─↓≤≢№∫√⁹ 

 ╖ ╖Ⱡ♇♩꞉כ◒(CNN: Convolutional Neural Network) │⁸ⱨ▫ꜟ♃⌐╟∫≡ ╩ ╡ ∆√

╘─ ╖ ╖ ≤⁸∕╣╩ ↑≡ ─ ⌂ ⌐ ↕╣⌂™╟℮⌐ ≢ ∆╢ⱪכꜞ

fi◓ ─Ɑ▪╩ ↕∑≡ ↕╣╢⁹ 

 

 ⅝ ╩ ∆╢ CNN─ [12] 

 ╖ ╖ Cx≤ⱪכꜞfi◓ Px⅜ ⌐⌂∫≡⅔╡⁸ (i)│ 10 ─ ⌐ ⁹ 

  (i) (vi)│ ─ ⌐╙ ∆╢  

 ─  
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 CNN─ ─ ⅝ 6 ─ [12] 

  (i)─ 6 ⌐ ∆╢ꜚ♬♇♩⅜ 1 ⁸ ─ ⌐ ∆╢ꜚ♬♇♩⅜ 0 ≢№╢⁹ 

   (vi)⅜  

 

 ─ ≢│⁸32×32 (vi)─₈1₉│⸗ⱡ◒꜡ ╩ ∆ ─ ⌐ ⇔ⱨ▫ꜟ♃ 16

╩ ╖ ╖ 26×26×16─ ╩ √ ⌐ⱪכꜞfi◓⌐╟╡ 13×13×16⌐ ⇔≡™╢⁹ ─ ╙

≢⁸ ⌐ 6×6×16=576─ ╩ ─ 10 ─ꜚ♬♇♩⌐ ↕∑≡⁸ ⅜ ≤⌂╢ 10 ─

╩ ≡™╢⁹ 

 CNN ─ ─ ↕│⁸ ─ ≢ⱨ▫ꜟ♃ꜞfi◓≤ⱪכꜞfi◓╩ ╡ ∆↓≤⌐╟╡⁸

⌂ ─ ╩ ⌐⇔√↓≤⅛╠ ╠╣√⁹↓╣⌐╟╡⁸ ∂╙─⌂╠┌ ─▪fi◓ꜟ╛ ⅛↑

─ ™⅜№∫≡╙ ∂≤ ↑⅜≈ↄ↓≤ ─ ≤⁸ ⌂╠┌ ≡™≡╙ ™⅜⅝∟╪≤

╢↓≤ ╩ ↕∑╢↓≤⅜≢⅝≡™╢⁹ 

 

ᵓ ⱨ▫כ♪Ᵽ♇◒─№╢ ─ Ⱡ♇♩꞉כ◒  

─ ⌐ ╩♃כ♦╢№─ ℮ ╙ ™⁹√≤ⅎ┌⁸ ─ ⁸ ≤─ ⁸꜡Ⱳ♇♩

⌂≥≢│⁸ ≤╙⌐ ⅜№╢⁹↓─╟℮⌂ ⁸◘fiⱪꜟ♦כ♃ ─ ╩ ∆╢ כꜙ♬─

ꜝꜟⱠ♇♩≢│ ∏⇔╙ ™ │ ╠╣⌂™⁹╕√⁸ ─ ה ─ ─≤⌂♃כ♦ ≤

⌂╡⁸↓─╟℮⌂ │♃כ♦ ⌐ ≢№╢⁹ 

Ⱡ♇♩(feedforward neural network)ꜟꜝכꜙ♬─╠⅛ ─╟℮⌐ ↔≤⌐ ⌐ ⅛∫≡ ╗∞↑≢│ 

⌂ↄ⁸ Ⱡ♇♩꞉כ◒(RNN: R ecurrent 

Neural Network) │ⱨ▫כ♪Ᵽ♇◒⌐╟∫≡

♄▬♫Ⱶ♇◒⌐ ≢♩♇Ⱡꜟꜝכꜙ♬╢∆

№╢⁹ │ RNN ─ ⸗♦ꜟ ┼─ 

╩ ⇔√▬ⱷכ☺ ≢⁸ ─◖ 

fi♥◒☻♩⅜ ─ ─◖fi♥◒☻♩⌐♄▬ 

♫Ⱶ♇◒⌐ ↕╣╢╟℮⌂ ╩ ⇔≡™╢⁹ 

 RNN ╩ │ꜟ◓כ◓⁸≡™ ⅛╠ⱨꜝfi 

 

 

 

 

  ╣  

 

 

 

10 ─▪▬♦▫▪─ ⌂▬ⱷכ☺  
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☻ ┼─ ╩ ╖≡™╢[13][14]⁹RNN ⸗♦ꜟ≢│ ─ ─ ↕╩ⱬ⁸⌐☻כ ↕╣╢

│ 160,000 ─♩♇◕כ♃⁸ │ 80,000 ─ⱬ◒♩ꜟ ⅜ ™╠╣√⁹ ™ ⅎ╣┌⁸

⅜ ─ ╩ ⇔⁸∕↓⅛╠ ╣╢ │₈ (UNK)₉≤ ↕╣╢⁹ ⌐│⁸12 ─ 348

─ ⁸304 ─ ╩ ╗ ─ ╩ ⇔≡⸗♦ꜟ⌐ ↕∑⁸8000 ─Ɽꜝⱷכ♃ ╩

≤╢ ≢ ─ ╩╩ ↕∑√⁹ ─ ─ ⅜ ↕╣√ ─♩♇Ⱡꜟꜝכꜙ♬⁸╩

─ ╩ ⇔√ ☻◖▪ ─ⱪ꜡♇♩ ≢ ⇔√─⅜ ≢№╢⁹ 

≡∫╟⌐♩♇Ⱡꜟꜝכꜙ♬  ─ ⅜ ↕╣√ ╩ ∆ⱪ꜡♇♩  [13]  

 

≢│⁸ ─ ⅜ ≢⅝≡™╢≤≤╙⌐ ⌐ ⌐ ⇔≡™╢ ⅜ ⅛╡⁸

⅛╠│⁸ ─ ≤ ─ ™⌐ ⇔≡│ ⌐│ ⇔≡™⌂™ ⅜ ⅛╢⁹ 

─ │⁸ ⌐ ™ ⅜ ╠╣√╟℮≢№╢[13]⁹ [13]⌐│⁸ ⇔ ™ ⌐≈™≡⸗♦ꜟ⅜

⇔√ ≤Γ Δ─ ⅜ ↕╣≡™╢⁹  

 ↓↓≢ ╘≡ ꜟ♩◒Ⱡ♇♩⌐ⱬꜟꜝכꜙ♬⁸│⅝═∆ ⇔√ ╩ ⇔√∞↑≢⁸ ─

╩ ─ ≢ ─♩♇Ⱡꜟꜝכꜙ♬⁸╡№≢≥↓╢™≡⅝≢ ⁸ ⅜ ⌐ ⅜╢↓

≤╩ ≢⅝∕℮≢№╢⁹ 

 

C. ─  

℮™≥◓fi♬כꜝⱪכ▫♦⁸│ ™ ≤≤╙⌐ 2010 ⌐⌂∫≡ ⌐ ⇔⁸ ╙

─╟℮⌂ ⅜ ™≡™╢⁹↕╕↨╕⌂ ⅜ ↄ ≢⁸ ⌂ↄ≤╙ ─ ≤⇔≡ ⅎ╠╣╢

╩ ⌐ →╢⁹ 

 

ᵑ ♦כ♃─  

  ─▬fi♃כⱠ♇♩ ─ ≢│⁸↕╕↨╕⌂ ⅜♃כ♦─ ⌐№╢╟℮⌐╙ ⅎ╢⅜⁸

≡⇔≥♃כ♦ ⌂╙─│⁸ ╛ ↔≤⌐ ≡™ↄ≤⁸ ∏⇔╙ ⌐ ↄ№╢≤│ ⅎ⌂™⁹

ⅎ┌⁸ ⌐ ⅎ╢ ⅝ ꜟⱬꜝ≡⇔≥♃כ♦ ⅝─₈ ₉─ ⌂⁸⅛╢№≤╒╣≤⅜♃כ♦

≥│ ≢№╢⁹╕√⁸ ─↔ ─ ╩ ↕∑╟℮≤⇔≡╙⁸ │♃כ♦─ ↄ ≈

⅛╢∞╤℮⅜⁸ ─ꜝⱬꜟ ⅜♃כ♦⅝ ⌐ ↄ ∆╢ │№╕╡ ↄ⌂™≢№╤℮⁹ 

   ⌐ ♃כfi◓─⸗♦ꜟ─Ɽꜝⱷ♬כꜝⱪכ▫♦⁸⌐℮╟√ │ ⌂─≢⁸∕╣⌐ ℮ ─

─♃כ♦ ⌂ ⅜ ≢№╢⁹Ⱡ♇♩ ≢ │≡™≈⌐♃כ♦⌂ ↕╣≡™√╡⇔≡⁸

⌂╙─╙№╢⅜⁸ ≤⇔≡ ╣┌ ∞ ≤│ ⅎ⌂™⁹ 

  ◘fiⱪꜟ╩ ♃כ♦⁸⌐╘√∆╛ data augmentation ─╟℮⌂ ╙ ⅎ╠╣≡™╢⁹↓╣
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│⁸√≤ⅎ┌ ─ │⁸◘fiⱪꜟ⌐ ⌂ ⁸ ⁸ ╩ ⅎ╢⌂≥⇔≡⁸

₈╩♃כ♦ ⇔₉∆╢╙─≢№╢[12]⁹№╢™│⁸ ⌐ⱡ▬☼╩ ⅎ╢↓≤╙ ⅎ╠╣╢⁹ 

  ╩ⱦ☺Ⱡ☻ ≢ ∆╢ │⁸ ─ ♃כ♦ ╙ ⁸ ⁸ ∆╢ ⅜№╢⅜⁸

⌐ ∆╢ ╩ ╘╢√╘⌐│⁸∕─ ╛◖☻♩─ ⅛╠⸗♦ꜟ─ ─♃כ♦≥ ╩

⌐ ∆╢↓≤╙ ≢№╤℮⁹ 

  ╕√⁸▬fi♃כⱠ♇♩⅛╠ ⌂ ╩♃כ♦╛ ╡ ╘≡╙⁸ ─ ⁸ ╛ №╢™│

─ ⌂≥ ⌂ ╩≥─╟℮⌐ ⁸ ∆╢─⅛⁸│ ⅝⌂ ≤⇔≡ ╡∕℮≢№╢⁹ 

 

ᵒ ▪ꜟ◗ꜞ☼ⱶ⌐ ╦╢ ⌂≥ 

─◓fi♬כꜝⱪכ▫♦╛ │ ∞ ≥◓fi♬כꜝⱪכ▫♦⁸≢ ≢♩♇Ⱡꜟꜝכꜙ♬╢╣╦

╙Γ♦▫כⱪ Δ─ │ ≢№╢⌂≥⁸ ⌂ ≢╙ ╛ ™ ─ ╕╠⌂™╙─╙ ™⁹

─▪ꜟ◗ꜞ☼ⱶ─ ⁸ ≢╙ ₁⌂ ⅜ ⌡╠╣≡™╢⅜⁸↓↓≢│ ⌐│ ∟ ╠∏⌐

⌂ ─╖╩ ╡ →╢⁹ 

─◓fi♬כꜝⱪכ▫♦⌐ ╩ ↄ ≈√╘⌐│⁸ ⌂▪ꜟ◗ꜞ☼ⱶ─⸗♦ꜟ╩ ⇔√ ≢⁸

─ ™ ╩♃כ♦ ↄ fi◓╩⇔⌂⅜╠⁸♬כꜙ♅─ꜟ♦⸗⁸≡⇔ ╩ ⅎ╢ ⅜№╢⁹ 

≤⌂◒♇Ⱪ☻כ▼⁸ⱨꜟ◓כ◓ │₈Ɽ꞉ⱨꜟ⌂ ─ ▪ꜟ◗ꜞ☼ⱶ─ ₉╩ ⇔≡™╢⁸≤

™℮[15]⅜⁸∕╣─ ∆╢ ⅜ ╣┌▪ꜟ◗ꜞ☼ⱶ─ ™ ↑│ ⌂ↄ⌂╢⅛╙⇔╣⌂™⁹₈ כ◘─₁

ⱦ☻╩ ⅎ┌⁸ ─♩♇Ⱡꜟꜝכꜙ♬╛ ⅜⌂ↄ≡╙ ⌂ ⅜≢⅝╢₉≤∆╢ ⱬfi♅ꜗכ

╙№╢╟℮∞⅜[15]⁸ ⌂ↄ≤╙ ≢│₈ ⌂ ⅜≢⅝╢₉≤™℮↓≤≤₈ ™ ⅜ ╠╣

╢₉≤™℮↓≤│ ≢№╤℮⁹ 

╕√⁸ ⌐ ♩♇Ⱡꜟꜝכꜙ♬√⇔ ─ ╩ ╢ ╡⁸ ≢│ ⌐ ꜝכꜙ♬╩♃כ♦

ꜟⱠ♇♩⌐ ∆╣┌⁸ ™ ⅜ ╠╣≡Γ ╦╡Δ≤™℮↓≤│⌂ↄ⁸ ⌂↓≤│ ∆╢⅜⁸

⌂▪ꜟ◗ꜞ☼ⱶ─ ≤⸗♦ꜟ Ɽꜝⱷכ♃ ─◓fi♬כꜙ♅─ ╡ ⇔⅜ ≤ ⅎ╠╣╢⁹ 

⅝⌂ ≤⇔≡│⁸ ⌐♃כ♦ ⇔≡⸗♦ꜟ─Ɽꜝⱷכ♃ ⅜ ∆⅞╢↓≤⌐╟╢ Ᵽכ○

◓ⱨ▫♇♥▫fiכ ─ ⌐ ∆╢ ⅜№╢⁹∕─√╘⌐│⁸ ╩♃כ♦ ↄ ⇔⁸ כ♦

♃≢⸗♦ꜟ─ ╩♥☻♩∆╢↓≤⅜ ≢№╢⅜⁸ ≢Ɽꜝⱷכ♃ ⅜ ⅎ∆⅞⌂™╟℮⌐▪ꜟ◗ꜞ☼

ⱶ ≢╙ ⅜ ≢№╢⁹√≤ⅎ┌ CNN ⌂≥│⁸▪ꜟ◗ꜞ☼ⱶ ⌐∕─╟℮⌂ ⅜⌂↕╣√╙─≤

ⅎ╢⁹ ⌐⅔™≡ ╩ ↑╢ ╙№╡⁸₈♪꜡♇ⱪ▪►♩₉≤™℮ ≢│⁸ ╣ ꜡כꜙ♬─

fi╩ꜝfi♄ⱶ⌐ ⌐ ↄ↓≤≢ ╩ ↕∑╢⁹ 

⌐≈™≡│⁸Ɫכ♪ GPU ─ ⁸⸗♦ꜟ─Ɽꜝⱷכ♃ ─ ⁸⸗♦ꜟ ─ ─

─fi꜡כꜙ♬⁸ ─ ⌂≥⅜ ⅎ╠╣╢⅜⁸ ⅜ ⌐⌂╢─≢ │ ∆╢⁹ 

⌐⁸ ≡™≈⌐♩♇Ⱡꜟꜝכꜙ♬√⇔ ≢│₈ ∕─╟℮⌂ ≢℮╕ↄ ↄ─⅛₉⅜ ∏

⇔╙ ⌐ ≡⅜ ↕╣≡™⌂™⁹∕↓≢⁸ ▪ꜟ◗ꜞ☼ⱶ╩ ↑╢ ─ ⅜№╣┌⁸

─ ≤≤╙⌐ ─▪ꜟ◗ꜞ☼ⱶ─ ╙ ↕╣╢⁹ 

 

ᵓ ─  

⌐ ╩ ∆╢ ≢ ↕╣╢ ─ ╩ →╢⁹ 

ה ⌂ ⁸♃כ♦ ─♃כ♦  

♃כ♦ √≤ⅎ┌ ─ ╩ ⌐ ≈ ─♃כ♦⅜ ╩ ⌐ ⇔√ ≢⁸

╩♃כ♦ ה ∆╢ ⅜№╢⁹ 

─ⱶכ◊ⱪꜝ♇♩ⱨה  

╙☻ⱦכ◘♪►ꜝ◒  ╘≡ ↄ─ⱪꜝ♇♩ⱨ◊כⱶ⅜ ╛☼כ♬⁸≢─⌂ ⌐ ∆╢╙─╩
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┬ ⅜№╢⅜⁸ ⅜₈ ꜟכ♠ ₉≤ ⇔≡ כ◊ⱦ☻⁸ⱪꜝ♇♩ⱨכ◘─

ⱶ╩ ⇔≡™╢─≢ ⌐≢⅝╢ http://itpro.nikkeibp.co.jp/atcl/column/15/091600220/?TOC=1  

╩◓fi♬כꜙ♅ꜟ♦⸗ה    ℮↓≤ 

    ▪ꜟ◗ꜞ☼ⱶ⁸⸗♦ꜟ ─ ⌂ ⅜ ≢№╢⁹ 

ה    ─⸗♦ꜟ ─ ה  

    ─ ⇔⅛ ⅎ⌂™ │ ↄ⌂™─≢⁸ ∑ ╙ ╘≡ ⅜ ≢№╢⁹ 

ה    ◓ⱨ▫♇♥▫fiכⱣכ○ ⌐ ∆╢  

    ⌐▪ꜟ◗ꜞ☼ⱶ⌐ ╦╢ ≢╙ ╣√╟℮⌐ ⌂ ⅜ ≢№╢⁹ 

ה    ─  

    ─ │₈ ⌐│⁸AI ╩♦▫꜠◒◦ꜛfi≢⅝╢ │ ∞⅜⁸ ⌐

╩ ⅛∑╢◄fi☺♬▪│ ⌐ ⌂™₉≤ ℮[16]⁹⇔√⅜∫≡ ≢⁸ ⌐☻◐ꜟ╩ ≈ ╩

⇔ ∆─│ ≤╙ ⅎ╠╣╢⅜⁸ ⌂ ─№╢ ⅜™╣┌⁸ MIT ⌂≥⅜ ⇔≡™

╢ ↄ─MOOC(Massive Open Online Courses) ⅛╠ ╩☻כ◖⌂ ╪≢ ⇔⁸☻◐ꜟ╩ ⌐ ↑

╢↓≤╙ ⌐ ≢№╤℮⁹ 

 

─  

 

 ≤ ↑╠╣≡™╢⅛ ⅛⌐⅛⅛╦╠∏⁸ │ ⌐ ↄ─ ⅜ ⇔⁸ ↄ ↕╣≡™╢⁹

↓↓≢│⁸ ⌂ ≢☻כ◔ ⌐ ↕╣╢╙─⌐ ∫≡ ╡ →╢⁹ 

 

꞉♩♁fi  

 IBM ─꞉♩♁fi│ ≢ⱦ☺Ⱡ☻┼─ ™ ⅜ ╙ ↕╣╢◦☻♥ⱶ≢№╡⁸∕─ ≢─

≤⇔≡ ╡ →╢⁹ 

 2011 2 ⁸ ─ ◒▬☼ ₈☺ꜛⱤ♦▫ ₉≢ ─♅ꜗfiⱧ○fi 2 ⌐ ⇔√₈꞉♩♁fi(Watson)₉

◦☻♥ⱶ│ ⌐⌂∫√⁹4 ⅛↑≡ ↕╣√꞉♩♁fi╩⁸IBM │ ≤ ┌∏₈ (cognitive)

◖fiⱧꜙכ♥▫fi◓ ◦☻♥ⱶ₉≤ ℮⁹↓╣│₈ ₉≤™℮ ─ ⌐ ╣╠╣╢─╩ ∫≡─↓

≤─╟℮≢╙№╢⅜⁸ │ ◦☻♥ⱶ─ ≤⇔≡⁸ ╠─ ╩ ⁸ ─ ≡─ ╩

⁸ ╠─ ─ ⅛↕╩ ⁸ ╩ ⁸─ ╩ →≡™╢[17]⁹ 

 ─꞉♩♁fi│₈☺ꜛⱤ♦▫ ₉ ╟╡╙ ⇔≡™╢⅜⁸ ─꞉♩♁fi─ │[18]⌐╟╣┌⁸ 

₈ │ΓQuestion Analysis Δ≢⁸ ⅜ ╦╣≡™╢⅛╩ ⁹ │ΓHypothesis Generation Δ≢⁸

╩ ∆╢⁹ΓHypothesis & Evidence Scoring Δ≢│⁸ ⅜ ⇔™⅛≥℮⅛╩ ⇔⁸∕─ ╩ ∆

╢⁹ │ΓFinal Merging & Ranking Δ≢⁸ ─ Jeopardy ─ ─ ⅛╠⁸ ⌐ ╩ ∆╢⁹ 

≈╕╡⁸Watson │╕∏ 100 ╩ ⅎ╢ ╩ ≈↑⁸ ─ ≢ ╩ ∆╢ ⱪ꜡☿♇◘כ

≢ ∆╢ ⁹₉ 

≤™℮╙─≢⁸HW ≢│ ⱷ⸗ꜞ15כTB ⁸2880ⱪ꜡☿♇◘ה◖▪─ Linux ≢Ᵽכ◘ 80♥ꜝ FLOPS

╩ ⇔⁸꞉♩♁fi│ ╩ ← ╩ ∫≡™√⅜⁸◄Ⱡꜟ◑כ ─ ≢│⁸ ─ ⅜ 20 ꞉♇♩

⌐ ⇔≡⁸꞉♩♁fi│ 2 ⌐ ∆╢─⌐ 85,000 ꞉♇♩╩ ⇔√[20]⁹↓─ │⁸꞉♩♁fi⌐ ╠∏

◖fiⱧꜙה♃כ◦☻♥ⱶ ─ ─ ≢№╤℮⁹ 

IBM fi▫♦כ꜡ה◒▬ⱪ꜠☺♦fi♩─ⱴה☻▬Ᵽה▪♬◦ ┼─▬fi♃ⱦꜙכ [24]⌐╟╣┌⁸ ─▪

DeepQA│₈כꜗ♅◒♥◐כ ≢│⁸ ⅎ╠╣√ ─♬ꜙ▪fi☻╛ ╩ ⇔⌂⅜╠⁸ ╛ⱴכ♥─

╩♪כ꞉כ◐⌂ ⇔⁸ ─ ⌐≈™≡ hypothesis ╩ ≡╢⁹ ≢│⁸ ⇔√ ─♥

⌐♪כ꞉כ◐╛ⱴכ ⌐☻כⱬ♃כ♦⁸⅝≠ ⇔√ ⌂ ─ ≤⌂╢ ⁸Wikipedia ⁸
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♃כ♦─≤⌂ ⅛╠ ⌂ ⅎ╩ ⇔ ⇔≡™╢⁹ ─ ⇔√▪ꜟ◗ꜞ☼ⱶ╩ ⌐ ↕∑≡ ─

╩ ⇔√ ≢⁸ ⌐ ≠™≡ ─₈ ₉╩ ∆╢⁹₉ 

 

 

 ꞉♩♁fi─ ◦☻♥ⱶ─ DeepQAכꜗ♅◒♥◐כ▪ IBM─Web◘▬♩╟╡ [24]  

 

 ─ⱪ꜡☿☻≢│ ─ ⅜ ≢№╢⅜⁸↓╣⌐≈™≡│ ≢ ⌐ ∆╢⁹ 

 ꞉♩♁fi ⌐ ⁸꞉┌╣╟⌐♩☻ꜞ♫כꜗ☺√™≡⇔ ♩♁fi│ⱪꜝ◓ⱴ♥▫☼ⱶ ▪ⱪ꜡כ♅─

≢⁸ ⌂ ╩ ™ ⌐ ℮ⱴ◦fi╩ ⇔™♦♇♪ꜝ▬fi╕≢⌐ ╢≤™℮◄fi☺♬▪ꜞfi◓

─ ∞≤ ℮[21]⁹∕╣│⁸ ─ ⱷכ◌כ─ ⱪ꜡☿☻─╟℮≢⁸ ╩ ╢ ╦╡⌐ ⌂

₁⌂ ─ ⅜ ↕╣≡⁸♥☻♩≤ ⅜ ╡ ↕╣⁸☺ꜛⱤ♦▫─ │ ─╟℮⌂╙─∞∫

√⁸≤╙™℮⁹ 

 ꞉♩♁fi│⁸ ⌂ ≢ ↕╣√≤™℮╟╡⁸ ╩♃כ♦⌂ ⅎ ╕╣≡ ⌐ ⇔√◦☻♥ⱶ

≢№╡⁸ ≈ ╩ →╢⌂╠┌⁸ ┼─ ⅜№╢⁹꞉ ♩♁fi│⁸ ╩ ⇔√⁸≤│ ⇔≡ ⅎ∏⁸

∕─ ⌐╙ 100%─ │ √⌂™⁹☺ꜛⱤ♦▫≢│⁸ ⌐ ⅜№╢ ≢⁸ ╙ ⌂ │ ⅛

╩ ≈↑⌂↑╣┌⌂╠∏⁸↓╣ ─ ╩⇔≡╙ⱬ♃כ⌂ ╩ ╢ ╖│⌂™⁸╩ ∆╢ ╙№╢⁹

↓╣│ ⌂ ╩∆╢≤⁸₈ ⅜ ╩ ∫≡™╢⅛₉≤™℮ⱷ♃ ╩ ∫≡™⌂↑╣┌⌂╠⌂™[22]≤╙

ⅎ╢⁹ ≤⇔≡⁸꞉♩♁fi│ ↄ─ ⅛╠ ╙ ™ ─╙─╩ ┬↓≤⌐⌂╢⁹ 

꞉♩♁fi⅜ ╩ ⅎ√ ⅜[23]☻כ◔─ ⌐ ╗⁹ 

 │ ≤⇔≡ ─ ╩ ℮╙─≢⁸₈∕↓─ ─ │ 2 ─ ⌐∟⌂╪≢ ↑╠╣╕

⇔√⁹ ⌐ ⅝⌂ ─ │ 2 ─ ⌐ ⇔╕∆₉ │◦◌◗≢⁸ │○Ⱬ▪≤Ⱶ♇♪►

כ▼ ∞∫√⅜⁸꞉♩♁fi│₈♩꜡fi♩₉≤ ⅎ√ 30% ⁹∕─ │⁸☺ꜛⱤ♦▫─₈ ₉ │

⌂─≢⁸꞉♩♁fi│₈ ₉─ ╩ ↄ ╙∫√⁹↕╠⌐⁸ ⌐♩꜡fi♩≤™℮ ─ ⅜

№╡⁸◌♫♄─♩꜡fi♩⌐│ ⱷ☺ꜗכꜞהכ◓─ ≢≤⌂≥↓╢№⅜ⱶכ♅ ⅎ√─∞╤℮≤™℮⁹

─ 2 ⅜◦◌◗≢ ∞∫√⅜⁸꞉♩♁fi⌐│ ─ ⅜ ∞ ╡⌂⅛∫√≤ ⅎ╟℮⁹ 

 ─꞉♩♁fi│☺ꜛⱤ♦▫ ╟╡ ⇔≡⅔╡⁸ ╛ ⌂≥─ ≢ ⅜ ╕∫≡™╢⁹∕↓≢

↕╣╢ │⁸ ∏⇔╙ ⌂ ⅎ╩ ∆↓≤≢│⌂ↄ⁸ ╩ ∆╢╟℮⌂ ≢№╢⁹ 

 ⌂ ⅜ ⌂ ≢ ⌂↓≤│⁸₈™⅛⌐⇔≡꞉♩♁fi⅜∕─ ⌐ ∫√─⅛₉⁸₈ │

⅛₉⁸₈⌂−꞉♩♁fi│∕─╟℮⌂ ╩ ⇔√─⅛₉≢№╢⁹⇔√⅜∫≡⁸∕─╟℮⌂ ╩꞉♩♁fiה◦☻♥

ⱶ│ ∆╢ ⅜№╢[20]⁹ 

⁸IBM │ ₁⌂ ≢꞉♩♁fi─▪ⱪꜞ ╩ ╘╢≤ ⌐⁸꞉ ♩♁fi─◒ꜝ►♪◘כⱦ☻╙ ⇔≡

™╢⁹ ⌐꞉♩♁fi─ ╩כꜗ♅◒♥◐כ▪√╣↕ ∆[17]⁹ 
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 ꞉♩♁fi─ [17]כꜗ♅◒♥◐כ▪  

 

 ─꞉♩♁fi│ ⌐כꜗ♅◒♥◐כ▪ ™ ⇔≡™≡⁸ ≢─ ⁸ ⇔™ ꜠◦Ⱨ

─ ⁸ כ♃fi☿ꜟכ◖ ⌂≥≢─ ⅜ ╕∫≡™╢─│ ─ ╡≢№╢⁹ 

 

 

 ≢│⁸►▼Ⱪ ─╙─⌂≥╙ ╗ ♥◐☻♩ ╩ ≤∆╢⁹ ꜟכꜟ─ ⌐ ╦╡⁸

│ ╩ ⇔√ ⅜ ↕╣≡™╢⁹↓↓≢│⁸ ⌂ ╖⌐ ⌐◓fi♬כꜝⱪכ▫♦≥─╙√™≠

╟╢╙─⌐ ↑≡ ╡ →╢⁹ 

 

ᵑ ─ ╖⌐ ≠ↄ▪ⱪ꜡כ♅ 

 ╩ ℮√╘─ ⌂ ╖│ ─╟℮⌐ ⅎ╠╣╢[25]⁹ 

─ ≤⇔≡│⁸╕∏ ─ⱨ꜠כⱶ─₈ ₉─

╩ ™≡⁸ ╩ ⌐ ⁸

─ ⅜ ╦╣⁸↕╠⌐ ⁸ ⌐ ╗

⅜⁸ ─ ⌐╟∫≡│ ⌂ ╩ ℮∞↑≢  

⌂ ╙№╢⁹⌂⅔⁸ (morpheme)≤™℮ ™ │⁸

⁸ ⌂≥≢│ ╛ ∆╢ ⌐ ↑≡ ∆

╢ ⅜№╢√╘≢№╢⁹ 

 ⌂≥─ ≢│⁸ │ ↔≤─ ╡⅜ ⌐

≢⅝╢⅜⁸ ≢│ ─ ⌐ ╣ ⅜⌂ↄ⁸

≢₈ ⅛∟ ⅝₉─ ⌐∆╢↓≤⅜ ≢№╢⁹ 

  ─ ╖[25] 
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─ ⌂ ─ ╣│ ─╟℮⌐⌂╢[25]⁹ 

 

    ─ ⸗♦ꜟ[25] 

 

    ≢⁸ ♃כ♦ ☻Ɽכ◖ ⅜ ⇔√ ⁸∕╣╩ ♃כ♦√⇔ ▪ⱪ꜡כ♅≤⇔≡

⸗♦ꜟ⅜ ↕╣√⁹↓╣│⁸ ⁸ ⁸ ⌂≥⌐ ⇔≡⁸∕╣╠⅜ ∆╢ ╩ ╡

≡╢⸗♦ꜟ≢№╢[26]⁹↓─⸗♦ꜟ⌐╟╡⁸ ─ ↕⁸ ↕⌐╙ ≢⅝⁸

╩ →╢↓≤╙≢⅝╢⁹ 

    ⌂ ⌐│ ─ ⅜ ╩ ∆≤⁸ 

    òTime flies like an arrow.ó 

   │⁸ ─₈ ─↔≤⇔₉≤™℮ (a)≤│ ⌐⁸₈ │ ╩ ╗₉≤™℮ (b)╙ ╡ ≈⁹ 

   ↓─ ─ ⸗♦ꜟ ╣ⱴꜟ◖ⱨ⸗♦ꜟ │ ─ ╡≢№╢[26]⁹ 

    

    ─ ╣ⱴꜟ◖ⱨ⸗♦ꜟ [26]  

 

   ⅛╠⁸√≤ⅎ┌ ─ ⅜ ≢№╢ │ 0.6⁸ótimeó⅜ ≢№╢ │ 0.6⁸ ─ ⌐ ⅜

╢ │ 0.4⁸ ⅜ ↄ │ 0.3⌂≥≤ ╖ ╣╢⁹∕↓≢⁸ ⌂ │ ∆╢⅜⁸ 

    (a)⅜ ⇔™ 0.6×0.6×0.4×0.2×0.2×1.0×0.3×1.0×0.7×0.3 0.0003628 
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    (b)⅜ ⇔™ 0.6×0.6×0.3×0.1×0.4×0.7×0.2×1.0×0.7×0.3 0.0001270 

   ≤⌂∫≡⁸ (a)⅜ ↕╣╢↓≤⌐⌂╢⁹ 

    ≢ ⇔√꞉♩♁fi─☺ꜛⱤ♦▫ │⁸ ⁸ ⁸ ≤™℮ ─

⅜ ↄ ╦∫≡™≡⁸1980 ─ 2 Ⱪכⱶ╩ ∂≡ ⇔√ ─

≤™ⅎ╢[24]⁹Ⱡ♇♩ [24]╩ ∆╢≤⁸₈꞉♩♁fi│ ⱪꜞfi☻♩fi ⅜ ⌐⌂╡ ⇔√

ₐWordNetₑ≤⁸Wikipedia ─ ⅛╠ ⇔√ ╩ ╖ ╪≢™╢≤↕╣╢₉⁹

≢ ↕╣╢ ⌐│ ─ ⌂≈⌂⅜╡⅜ ↕╣≡™≡⁸√≤ⅎ┌₈a ₑ│ₐ ₑ─

₉─╟℮⌐⁸ ─ ⅜ ≢ ≠↑╠╣╢⁹ ─ ⌐│⁸WordNet

─ ⌐⁸NTT ⅜ ≢ ∆╢₈ ₉⁸ ─ ≢ ↕╣√ ₈EDR ₉⌂

≥⅜№╢[24]⁹ 

    ⌐ ⇔√ [21]⌐№∫√╟℮⌐⁸◄fi☺♬▪ꜞfi◓─ ─꞉♩♁fi│⁸ ≢╙ⱪꜝ

◓ⱴ♥▫☼ⱶ ▪ⱪ꜡כ♅╩ ⅝≈╘╢↓≤≢⁸ ─№™╕™⌂ ╩ ╖ ╢↓≤⌐╙ ⇔≡⅔

╡⁸ ⌂ ╖≢─ ─ ─ ↕╩ ⇔√≤ ⅎ╟℮⁹ 

    ─ ⅜ⱪכꜟ◓ ⌐ ╩ ⅛∑√ ─ (2015 9 )⌐╟╣┌⁸

│ 42.6 ∞∫√≤™℮[27]⁹₈ ─ ₉╛₈ ₉⌂≥⌐ ⅜№╢≤─↓≤⌂─≢⁸꞉♩♁

fi─╟℮⌂₈◄fi☺♬▪ꜞfi◓₉╩ ⌡╣┌ ╩ ⅝ↄ ╘╢↓≤│ ≢№╤℮⁹ 

 

ᵒ ♦▫כⱪꜝכ♬fi◓⌐╟╢▪ⱪ꜡כ♅ 

RNN ─ ≢ ⇔√╟℮⌐⁸2014 │ꜟ◓כ◓⌐ ⅛╠ⱨꜝfi☻ ┼─ ─ ⇔™ ╖╩

⇔√[13]⁹ ≢⁸ ─ ⅜ ⌐ ™╦↑≢│⌂ↄ⁸ ≤ ⌐ ╩☻Ɽכ◖ ⇔≡│

™╢⅜⁸ ─ ꜟ♩◒Ⱡ♇♩⌐ⱬꜟꜝכꜙ♬⌐∏╠╟⌐╖ ⇔√ ╩ ⇔√∞↑≢⁸

─ ⅜ ─ ≢ ≢⅝≡⁸ ─▪ⱪ꜡כ♅⌐ ™ ─ ⅜≢⅝√↓≤│ ≢№╢⁹ 

⅜ⱬ◒♩ꜟ ↕╣╢↓≤⌐╟╡⁸ ─ⱬ◒♩ꜟ ≢₈ ₉⅜ ⌐⌂╢[28]⁹√≤ⅎ┌⁸ 

 

     vector(Ɽꜞ)  vector(ⱨꜝfi☻)  vector(▬♃ꜞ▪) ԇ vector(꜡כⱴ) 

      Ҝ₈ⱨꜝfi☻₉₈▬♃ꜞ▪₉⅜₈ ₉≢⁸₈Ɽꜞ₉₈꜡כⱴ₉⅜₈ ₉≢№╢≤ ⌐  

 

     vector( )  vector( )  vector( )  ԇ vector( ) 

      Ҝ₈ ₉≤₈ ₉─ ™⅜ ≢№╢≤ ⌐  

 

   ⅜ ╡ ≈─≢⁸ ∆╢╟℮⌐ ⌂ ⅜ ⅎ╠╣╢⁹ 

    ╘≡↓─╟℮⌂ ╖─ ╩ ⅎ╢≤⁸ ─ ─ ╖─ ≢│⁸◖fiⱧꜙכ♃⌐

─ ╩₈ ₉↕∑╢√╘⌐ ─ ⌂≈⌂⅜╡╩ ∆ ╩ ∫≡™√⁹ ⇔™ ╖≢│⁸

─╟℮⌐ ╛Wikipedia ⌂≥─ ∞∫√ ⅛╠ ╩ ╡ ∆─≢│⌂ↄ⁸ ╩ⱬ◒♩

ꜟ ∆╢↓≤⌐╟∫≡ ⌂ ♃כ♦ה♩☻◐♥─ ☻Ɽכ◖ ∞↑⅛╠ ╩ ≢⅝╢ ╙

ⅎ≡⅝√⁹ 

    ─ⱬ◒♩ꜟ ⌐╟∫≡⁸ ⌐⌂╢↓≤≤⇔≡│⁸ 

ה ─ ╩ ═╢↓≤ 

ה ─כꜞ◗♥◌ ⅛╠ ╙ ™ ╩ ═╢↓≤ ™ ⌐ ╩ ═╢↓≤ 

ה ─◒ꜝ☻♃ꜞfi◓ 

⌂≥⅜ ⌂ ≤⇔≡ →╠╣╢⁹ 

─ꜟ◓כ◓ ⱶ│⁸כ♅ ─ ≢─ ─ⱬ◒♩ꜟ ╩⁸ ─ ─○Ⱪ☺▼◒
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♩ ╩ ↕∑√ CNN ╖ ╖Ⱡ♇♩꞉כ◒ ─ ⱬ◒♩ꜟ ⌐│○Ⱪ☺▼◒♩─

⌐ ≡╢ ─ⱬ◒♩ꜟ ⌐ ⅝ ⅎ⁸ ─ RNN Ⱡ♇♩꞉כ◒ ≤≈⌂™≢⁸ ─◐

ꜗⱪ◦ꜛfi╩ ↕∑╢↓≤╩ ╖√[29]⁹ 

    ─◐ꜗⱪ◦ꜛfi ─ ╖[29] 

 

↓─ ╖≢ ⇔√◐ꜗⱪ◦ꜛfi─ ⅜ ≢№╢⁹ 

 ◐ꜗⱪ◦ꜛfi─ ─ ⅜℮╕ↄ ≢⅝≡™≡⁸ ─ ⅜℮╕ↄ

≢⅝≡™⌂™⁸≤ ⅜ [29] 

 

╩ ╢ ╡⁸╕∞ ─ │ ⅝™╟℮⌐ ╦╣╢⅜⁸◐ꜗⱪ◦ꜛfi─ ⅜ ∆╣┌⁸
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│ ⌐ ™≤ ⅎ╠╣╢⁹ 

─▪ⱪ꜡כ♅╩ ™╢ ─▪▬♦▫▪≤⇔≡⁸◦♅ꜙ◄▬◦ꜛfi⌐ ∂≡ ╩ ∆╢ [30]

⅜№╢⁹ X─ ⅜ ╖─ ⅜ ⇔√≤⇔≡⁸≥─╟℮⌂ ╩ ╘╣┌╟™⅛⁸≤™℮ ≢⁸

₈ X─ ₉≤₈ ₉─ⱬ◒♩ꜟ╩ ™≡⁸ ╙ ™ ⌐№╢ ╩ ∑┌ ⅜ ⅛╢⁸≤™℮

▪▬♦▫▪≢⁸ Stitch  Fix ⅜ ∆╢☻♃▬ꜞfi◓כ◘הⱦ☻[30a]─ ╩ ⇔≡™╢⁹ 

 

 

 

 

 

 

 

   ─ ─ Stitch Fix─ ⅜ X⁸ ─ ⅜ ─ ─ [30] 

 

   ─ │⁸₈ X₉ⱬ◒♩ꜟ⌐₈ ₉ⱬ◒♩ꜟ╩ ⇔√ ⱬ◒♩ꜟ⌐ ╙ ™╙─╩

═√ ╠╣√╙─≢№╢⁹↓─╟℮⌂▪▬♦▫▪╙ ─ ⅜ ⌐ ≢⅝∕℮≢№╢⁹ 

 

꜡Ⱳ♇♩ 

 

 ↓↓≢│꜡Ⱳ♇♩─ ╛ ─כ◌♇◘ ╡ ╖╛ ≢─ ⌂≥ ⌐│ ╣∏⌐⁸ ─ ≤

⇔≡ ™ ≢─꜡Ⱳ♇♩╩ ╢↓≤⌐∆╢⁹↕╠⌐⁸ ─꞉♩♁fi╛ ≢ ⌐ ⇔√╟℮⌂↓≤

│ ⇔⁸ ⱴ≤⇔≡⁸כ♥⌂⅝ ╩ √∑╢↓≤≤⁸₈ ₉┼─ ─ ╩ ╡ →╢⁹ 

≢│⁸↓─ ┼─ ꜠ⱬꜟ≢꜡Ⱳ♇♩─ ╠⇔↕⌂≥─ ⅜ ╦∫≡ↄ╢╟℮⌐ ╦╣╢

√ ╛ ─ ⅛™♥◒♬♇◒│ ⌐⇔≡ ⁹ 

 

ᵑ ─  

   2021 ╕≢⌐ ╩ ∆ ₈ ꜡Ⱳↄ╪₉│⁸2014 ─ ☿fi♃כ ≢ ─ ─

8 ≢ ⅜ 8 ≤™℮ ∞∫√≤™℮[1]⁹2015 9 ⌐│ ─ ⌐ ⇔√≤↓╤

₈ ⅛╠ ┼─ ─ ─ │ ₉≤™℮ ™⌐⁸ ⅜ ╡∏⌐ ─ ╙⌂™ ─ ─

╩⇔≡ ╩ ≤⇔√ (9 20 )╟╡ ⁹ 

   ₈ ≤│ ⅛₉│ ⌐ ⅎ⌂™⅜⁸ ─ ─╟℮⌂╙─╙ ╕╣╢≢№╤℮⁹ 

 ─ (SAT)─ ─ ╩ ↄ ◦☻♥ⱶ─

≢│⁸ ⌐│ ↕╣≡™⌂™ ⅜ ↄ ╕╣≡™╢↓≤┼─

⅜ ⇔⅛∫√∕℮≢№╢[31]⁹ ⅎ┌⁸ ≢№╣┌ BD ≤ AC ⅜

E ≢ ⇔≡™╢↓≤⌂≥≢№╢[31]⁹↓─◦☻♥ⱶ│⁸ ─╟℮⌐

≢ ⅛╣√ ╩◌ⱷꜝ≢ ╖ ╡⁸ ╩ ™≡ ╠╣╢ ─

─ ⅛╠⁸ ─ ─ ≢│ ⌐ ⇔√╙─╩

↓─ ─ │ 8 ∆╢╙─≢⁸ │ 49%∞∫√≤™℮⁹ 

   ╕√⁸ ≢ ╣╢ⱥꜙכꜞ☻♥▫♇◒⌂≥╙ ─₈ ₉≤ ⅎ╠╣╢⅛╙⇔╣⌂™⁹ 

   ₈ ₉│ ⁸ ⁸ ⁸ ⁸ ⌂≥⌐╟∫≡ ⌂╢≤ ⌐⁸ ⌂ ╙№╡⁸ ─

≤≤╙⌐ ╦∫≡™ↄ╙─≢№╤℮⁹╕√⁸ ─₈ ₉─ ⌐ ⅜№∫√╡⁸ ─ ≢

™ ™⅜ ∂√╡∆╢↓≤╙№╤℮⁹ ⌐╟∫≡│⁸∕╙∕╙₈ ₉⅜ ∫≡™√╡⇔≡⁸₈ ₉╩

 SAT─ [31] 
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≡≡ ∑⌡┌⌂╠⌂™↓≤╙№╢∞╤℮⁹₈ ₉⅜∕℮™℮╙─≢№╣┌⁸ ◦☻♥ⱶ⅜∕╣╩

⌐ ⌐ ∆╢↓≤│ ⌐ ≤ ╦╣⁸↓╣⅜ ─ ≈─ ╩ ∆⅛╙⇔╣⌂™⁹ 

 

ᵒ ─  

   ⱴ▬◒꜡♁ⱨ♩ │⁸LINE ⱦ☺Ⱡ☻◖Ⱡ◒♩ ≢ ⇔≡™╢ Ⱳ♇♩₈╡╪⌂₉≢│⁸₈EQ

≢₈≢⅝╢∞↑ ⅜ ↄ╟℮⌂ ╩ ∆↓≤₉╩ ⇔√≤™℮[32]⁹ │ ⌐

№√╡⁸╕∏▬fi♃כⱠ♇♩ ≢ ↕╣≡™╢ ⅛╠ 10 ─ ╠⇔™╙─╩ ┘⁸

⇔≡ ╩☻כⱬ♃כ♦ ⇔√⁹↕╠⌐⁸ ─ ╩ⱬכ☻⌐ ─ ≢◓fi♬כꜝⱪכ▫♦╩

╡ ╖⁸ ⌐ ╩ ∆╢⌂≥─ ≢⁸ ⌐ ⌂ ╩ ┘ ∆ ╖≢№╢⁹↓╣│

≢☻כⱬꜟכꜟ╢╟⌐ ╩∆╢ ╖─ Siri ◦ꜞ ≤│ ⌂∫≡™≡⁸ [32]─ ≢│⁸

₈╡╪⌂₉─ │ 130 ≢⁸1 ⌐ 3 4 ♅ꜗ♇♩∆╢Ⱬⱦכ◙כꜚכ⅜ ™⁸≤™℮⁹ 

   ⅔∕╠ↄ √╟℮⌂ ╖│ ╩ ╦∏ ↄ⌂↕╣≡™≡⁸ ⌂◖Ⱶꜙ♬◔כ◦ꜛfi─ │

™≤ ╦╣╢⅜⁸↓╣╠─◦☻♥ⱶ│ ⌐ ─ ╩ ⇔≡™╢╦↑≢│⌂ↄ⁸∕─ ◦☻♥

ⱶ⅜₈ ₉╩ ∫≡™╢≤╙ ⅎ⌂™≢№╤℮⁹ 

   ≢⁸ ╠₈ ₉╩ ≈≤ ∆╢꜡Ⱳ♇♩╙№╢⁹ ⁸ [33]╩ ⇔≡ ╩ ╢⁹ 

   ♁ⱨ♩Ᵽfi◒꜡Ⱳ♥▫◒☻⅜ ∆╢꜡Ⱳ♇♩₈Pepper Ɑ♇Ɽכ ₉│⁸ ─ ╛ ⅛╠

─ ╩ ╖ ╢ ╩ ⅎ╢≤≤╙⌐⁸₈ ◄fi☺fi₉≢ ⌐ ╩ √∑╢⁸≤™

℮⁹ 

   ╕∏ ─ ◄fi☺fi│⁸ ─ ≤ ╩ ™⁸ │≢◓fi♬כꜝⱪכ▫♦─

⇔™₈ ─ ⌂ ₉╩ ∫≡⅔╡⁸∕─ ∞↑≢╙ ─ Pepper ≢│ ╩ ↕∑╢↓

≤│ ∞⅜⁸ ↑ⱦ☺Ⱡ☻─√╘⌐│⁸₈ ╩ⱬכ☻≤⇔√◖Ⱶꜙ♬◔כ◦ꜛfi₉⅜ ╘╠╣

╢⁸≤™℮⁹ 

   ∕↓≢ AGI ─ ≤ ≢⁸ ⅛╠ ⌐ ∆╢ 4500 ╩ ה ⇔√ ≢⁸

─ ╩ ⇔⁸₈ ⸗♦ꜟ₉⁸₈ ⱴ♇ⱪ₉╩ ⇔≡₈ ◄fi☺fi₉╩ ⇔√⁹ 

 

 

₈ ◄fi☺fi₉│⁸ ≈─ ⁸╡⌂╠⅛◒כⱠ♇♩꞉ꜟꜝכꜙ♬ ≈│⁸ ☿fi◘כ─

╩ ⌐₈ ₉─Ᵽꜝfi☻╩ ↕∑╢╙─≢⁸╙℮ ≈│₈ ₉╩ ⌐ ↕╣√⁸Pepper

─ ⌐ ╦╢╙─≢⁸₈ ₉─ ╡≢ ∂√ ⌂ ⅜⁸7≈─ ╩ ⇔≡⁸Pepper─

⌐ ╡╩╙√╠∆⁸≤─↓≤≢№╢⅜⁸↕╠⌐ ⇔ↄ│ [33]╩ ↕╣√™⁹ 

   ↓─╟℮⌂ ╖─꜡Ⱳ♇♩⅜₈ ╩ ≈₉≤ ⅎ╢─⅛│⁸╟ↄ ⅛╠⌂™⅜⁸ ≈─ ™ ╖

 ─ ⸗♦ꜟ ≤ Pepper⅜ ∆╢ ⱴ♇ⱪ▪ⱪꜞ  [ ♁ⱨ♩Ᵽfi◒] [33]  
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≤│ ⅎ╟℮⁹ 

   ⌐ ╩ √∑╢↓≤⅜ ⅛≥℮⅛⁸│ ⌐ ╩ ∑⌂™╟℮⌐ ╦╣╢⅜⁸↕╠⌐ ─

⌂ ╩ ↄ ⅎ╢≤⅝⁸ ─ ─ ─ │ ≢№╢⁹ 

   ─ │⁸₈a ₑ≤ ╪≢╙™™╟℮⌂ │⁸ ─ ╩ ⌐ ∆╢

↓≤⁸≈╕╡ ⅜ ⅎ≡™╢≤™℮↓≤╩ ≢ ⅛∫≡™╢≤™℮ₐ ╣ ₑ⅜ ⌐ ↄ ⌐

∆╢─≢│⌂™⅛₉≤ ℮[1]⁹ 

   IBM ─꜡ⱩהⱢ▬ CTO │▬fi♃ⱦꜙכ⌐ ⅎ≡⁸₈Watson ⅜a ⌂ ╩e ⅎ╢꜠ⱬꜟ╕

≢ ⅛⌂™≤⁸ ─ ╩ ≢⅝⌂™⁹ ╡ ╖│╕∞ ╕∫√┌⅛╡∞⅜⁸Watson ⅜ ╩ ↑

╠╣╢╟℮⌐⌂╢℮ⅎ≢ │ ∞₉≤ ═≡™╢[34]⁹ 

 

─  

 

 ₈ ─ │≥↓╕≢ ∆╢─⅛₉│⁸ ↄ⅛╠ ⌐⌂∫≡⅝√⁹ ⅜ ╩ ←╒≥─ ╩ ≈

⌂╠┌⁸ⱪꜝ☻⁸ⱴ▬♫☻─ ≢ ⌂ ⅜ ⅎ╠╣╢⅛╠≢№╢⁹⇔⅛⇔⁸ ╩ ⌐∆╢⌂╠┌⁸₈

₉№╢™│₈ ⌂╖─ ₉≤│ ╩ ∆─⅛╩ ⌐∆╢ ⅜№╡∕℮≢№╢⁹ 

 ╟╡ ⌐⁸1950 ⌐ ⅜◓fiꜞכꜙ♅ ℮™≥fi◓♥☻♩₉ꜞכꜙ♅₈√⇔ ⌂ ⅜№

╢⁹ ⌐ ℮≤⁸ ╩ ⇔√ ─ ∞↑⅛╠ ⇔≡ ⅜ ⅛ ⅛╩ ↑╟℮≤™℮

─♥☻♩≢⁸ ↑⅜≈⅛⌂↑╣┌ ⌐╙ ⌂╖─ ⅜№╢≤╖⌂⇔≡╟™⁸≤∆╢⁹↓─ ⅎ ⌐ ∫

≡⁸1991 ⅛╠◖fi♥☻♩≢₈ ╩ ╙℮╕ↄ ⇔√◦☻♥ⱶ₉╩ כ♫Ⱪכ꜡╢∆ ⅜№╡⁸ ↄ─◦☻

♥ⱶ⅜ ╩ ∆↓≤⌐ ⇔≡™╢⁹√∞⇔⁸ ⌐│₈ ─ ↕≢ ╩ ∆₉─≢│⌂ↄ⁸₈ ╠⇔ↄ

∑⅛↑╢ ╦↨≤☻ⱭꜟⱵ☻╩∆╢⁸ ♃▬Ⱶfi◓─₈ ₉╩≤╢ ≢ ─◓fiꜞכꜙ♅⁸≢─₉∆

ⅎ√↓≤≤│ ⌂∫≡™╢[35]⁸ 

 1966 ⌐꞉▬♀fiⱣ►ⱶ⅜ ⇔√ ⱪ꜡◓ꜝⱶ ELIZA ▬ꜝ▬◙ ≤⇔≡ │ ⅛

─ⱪ꜡◓ꜝⱶ∞∫√⅜⁸ ⌐℮╕ↄ ╕╣≡™≡⁸ ─ ⅜ ELIZA ⌐ ⌂ ╩ ⇔√╡⇔≡

∕─꜡◓╩ ╙≥√⇔☻fi◓♥☻♩⌐Ɽꜞכꜙ♅│╣↓⁹[35]√∫№≢≤╒√⇔⌐ ⌂∑╟℮⅜⁸ ⇔≡

ELIZA ⌐ ⅜№∫√≤│ ⅎ∏⁸₈ ⌂╖─ ₉─ ─ ⇔↕⅜ ⅛╢⁹ 

 ∕╣≢│₈ ₉╩≥℮ ⅎ╣┌╟™∞╤℮⅛⁹ │↓∞≡ ─ │₈ ≤│ ─

≢ ≤⅛╛∫≡™ↄ ₉≤⇔≡⁸₈ ⌂ ≢ⱥꜙכꜞ☻♥▫♇◒☻ ↕╣√ ⁸ ─ ─

⌐ ╠↨╢╩ ⌂™₉╙─≤ ℮[36]⁹ 

 ─ⱥꜙכꜞ☻♥▫♇◒ │ ⌂≥≢ ↕╣≡™╢⁹ ⅜ ╩∆╢ │ ⌐⁸

∆╢ ≢ ⅜№╡⁸ ⌂ ╙ ≢⅝╢≤│ ╠∏⁸ ≤ ⅜ ∞∫√≤⇔≡╙

⌐ ⌂≥╩ ∆╢ ⅜№╢≤│ ╠∏⁸ⱥꜙכꜞ☻♥▫♇◒⅜ ↕╣╢[37]⁹ ─ ⁸ ⌐─╖

↕╣╢ ─ⱥꜙ⁸≥◒♇▫♥☻ꜞכ ⅜ ↄ⁸ ↄ─ ≢ ↕╣╢ⱥꜙ⁸⅜╢№⅜◒♇▫♥☻ꜞכ

⌐ ⇔™≤ ╠⌂™─│╙∟╤╪≢№╢⁹ 

 ⅜ ™╢ ≤⇔≡⁸ ⱥꜙכꜞ◗♥◌╢№⁸⅜≥↔⅝≢╛─╙⁸₈╡№⅜◒♇▫♥☻ꜞכ⌐ ╕╣╢⅛

≥℮⅛╩ ∆╢ ─כꜞ◗♥◌─⧵⁸⌐ ╩ ™≡ ∆╢ ₉≢⁸ ⅎ┌⁸ ⌂ ⅜⌂ↄ⁸

╙── ╩ ─ ≢ ≢⅝⌂™≤⅝⌐₈ ⅜ ↑╣┌ ⅜ ™₉≤ ∆╢╟℮⌂ ≢№╢[37]⁹ 

 ─ⱥꜙ⁸│◒♇▫♥☻ꜞכ ─ ≤ ⁸ⱷ⸗ꜞ ─ ⅜№╢ ≢⁸ │ ⌂

™ ≢ ╩ ╠╣╢⅜⁸√╕⌐│ ℮╟℮⌂ ─ ⌐⌂╡⁸ ╩כ♄כ○─ →≡╙

⅜№╕╡ ⅜╠⌂™╟℮⌂▪ꜟ◗ꜞ☼ⱶ≤╙ ⅎ╢[36]⁹ 

 ↓─╟℮⌐ ≡™ↄ≤⁸ ⌐ ⅜₈ ⌂╖─ ₉╩ ∆≤™℮╟℮⌂ ⅎ ⌐│ ─ ⅜№╢⁹

│ ╩ ≡ ┌√ↄ╟℮⌐ ╠╣≡™⌂™≤⁸╟ↄ ⅎ╠╣╢╟℮⌐⁸ ⌂ ╩ ∆╢─⌐⁸
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∏⇔╙ ─ ≤ ∑╢ │⌂™∞╤℮⁹ 

 ™╕⁸ ⌐╟╢₈ ₉╛₈ ₉─ [1]╩ ≡╙⁸ ⌂ ╩ ∆╢↓≤⌐∕╣╒≥ ⅜

№╢╟℮⌐│ ⅎ⌂™⁹ 

 ∕╣≢│ ╕⅛⌐ ∫≡⁸ │ ─ ꜠ⱬꜟ╩ ⅎ╢↓≤⅜≢⅝╢─∞╤℮⅛⁹ ≢

╩ ⇔√ ⌐╟╣┌⁸ ─ ╩ ∆╢ ⅜ ⌂ↄ⌂⅛∫√∕℮≢№╢[38]⁹√∞⁸ │⁸

∕╣│ ─ ™₈ ╩╟∂ ╢꜡♇◒◒ꜝ▬ⱴכ─ ₉≢│⌂™⅛⁸≤╙ ℮⁹ 

 2015 1 ⌐ ⱱכ◐fi◓ ☼כ♃כ⸗ꜝ☻♥⁸ CEO▬כ꜡fiהⱴ☻◒ ╠│₈ ≢ ⌂ ─

√╘─ ─ ₉≤™℮ ╩ ⇔√[39] [40]⁹∕─ ⌐│⁸ ⌂ ⌐ ╣╢ ≢

₈ ─ ╩ ⅎ╠╣╢ ◦☻♥ⱶ─ ⅜ ∆╢ ╖─ │ ⌐╟∫≡ ⅝ↄ ⌂╢⅜⁸

─ ╖⅜ ≢⅝╢╒≥ ™≤∆╢ │╒≤╪≥⌂™⁹₉≤№╢[40]⁹ 

 ─ │⁸₈ ⌐≈™≡ ╛☻כꜙ♬╢™≡╣↕ ─ ⌐│⁸a ⌐∆↔™↓

≤ ≤ea │∕╪⌂⌐∆↔ↄ⌂™↓≤ ⅜e ↨∫≡™╢⁹a∆≢⌐ ⇔√↓≤ ≤ea ╙℮∆← ⇔∕℮⌂↓≤ₑ

≤ₐ ⇔∕℮╙⌂™↓≤ ₑ╙↔∫∟╚⌐⌂∫≡™╢⁹∕╣⅜ ─╙≤⌂─∞₉≤ ℮[1]⁹ 

 ≢│ ⌐ ↓╡℮╢↓≤╩ ⇔≡ ╩ ≡™⅝√™⁹ 

 

ᵑ ─  

ↄ⌂™ ⌐⁸ │ ─ ≢Ɽ♃כfi ↕╣╢╙─╩ ≥ ⇔≡◌Ᵽכ≢⅝╢╟℮⌐⌂╢─≢│

⌂™∞╤℮⅛⁹ 

Ɽ♃כfi ≢⅝╢╙─│ ⌐ ↄ⁸√≤ⅎ┌ ⌐ ⅎ╢╟℮⌂ ≢╙⁸ ⌐ ─ ↄ☻♃▬ꜟ│

≢Ɽ♃כfi ⅜ ╖╠╣√⁹ │ CNN ╖ ╖Ⱡ♇♩꞉כ◒ ╩ fi◓⌐╟∫≡⁸♬כꜝⱪכ▫♦√™

─☻♃▬ꜟ╩ ↕∑√ ─ ≢№╢[41]⁹ ↓╣ ⌐Ⱨ◌♁ ⁸◌fi♦▫fi☻◐כ ─ ╙№╢⁹  

 

 ⌐ ─☻♃▬ꜟ╩ ↕∑√▬ⱷכ☺ ─ ⁸ כ♫כ♃ ⁸ 

    ◗♇ⱱ ⁸ ⱶfi◒ (L.A.Gatys et al.:University of Tuebingen) [41] 
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≢╙⁸╛│╡ CNN ╩ ™√ ⅜№╡⁸ ⌐╟╠∏ ─ ╩ ⇔≡₈ ⌐├∫√╡─

₉╩ ≢⅝╢╟℮⌐⌂∫√≤™℮[42]⁹Ⱡ♇♩ ⌐╟╣┌⁸4 Ⱡ♇♩꞉כ◒─ ╩ ℮≤ ╩

☺ꜗfiꜟ↔≤⌐ ≢⅝≡⁸ │ⱪ꜡─ ⅜ ≢ ™≡ ∫≡™√↓≤╩ ⅜ ↄ☻Ⱨכ▫♦כ⌐

ⅎ╢≤⇔≡⁸ ─ ╩☻ⱦכ◘◓Ⱶfiכꜞ♩☻╛ ∆╢ │ ╖↓─ ─ ⌐ ∫≡™╢

≢№╢[42]⁹ 

╩ ∆ ₈ ꜡Ⱳↄ╪₉│⁸ ─ Ɽ♃כfi╩ ≢⅝╣┌ ╩ ≢⅝╢∞╤℮⇔⁸

ⱱ꞉▬♩◌ꜝכ─ ≢╙ ╕∫√Ɽ♃כfi≢≢⅝╢╙─│ ╩ ⇔√꜡Ⱳ♇♩⌐ ⅝ ⅎ╠╣∕℮∞⁹ 

√∞⇔⁸Ɽ♃כfi⅜ ╕╠∏ ∆╢ ⌐│ ─ ╩№╕╡ ≢⅝⌂™⅛╙⇔╣⌂™⁹↓─ │Ɽ

─fiכ♃ ⅜ ⌐⌂╡⁸℮╕ↄ ┌╠⌂☻כ◔╢⅝≢ ╩ ≢⅝╢≢№╤℮⁹ 

─ │⁸ ┼─ ⌐≈⌂⅜╢⁹ ◦☻♥ⱶ ⌐⁸ ⌐ ⇔√ⱥꜙכꜞ☻♥▫♇◒

─ ╖⌂≥ ─ ─ ⅜℮╕ↄ ╡ ╕╣⌂™ ╡⁸ ─ ┼─ │ ⌂ ─ ⅜꜡

Ⱳ♇♩╛ ◦☻♥ⱶ╟╡╙│╢⅛⌐ ⌐≢⅝╢∞╤℮⁹ 

 

ᵒ ⌂ ⇔ 

⌐≈™≡│ ⌐ ∆╢≤™℮╟╡ (b)─╟℮⌐ ⌐ ∆╢≤ ⅎ╢ ⅜ ≤

╦╣╢⅜⁸ ╩ ∆─│ (a)─╟℮⌐ ≤≤╙⌐ ∆╢ ⅜№∫≡ ≢№╢⁹∕↓≢⁸

⌐≈™≡─ ⇔╙⁸№ↄ╕≢ ≈─ ≤⇔≡ ⅎ╢═⅝≢⁸ ╙ ─╟℮⌂╙─≤⇔≡ ╢

═⅝≢│⌂ↄ⁸ ─ ⌐╟∫≡ ⅎ╠╣╢ ⅜№╢↓≤╩ ∆═⅝≢№╤℮⁹ 

 

 ꜠ⱬꜟ─ Ɽ♃כfi╩ ∆▬ⱷכ☺  

 

─ ≤ ≤─ │ ⌐╦√╢≤ ≢⅝╢⅜⁸ ╙ ─ ⌐ ╦╢ⱨ□◒♃כ│

◖☻♩≢№╤℮⁹◖☻♩ ⅜ ↑╣┌⁸√≤ⅎ┌ │ ─►▼▬♩╩ ⅛╠ ◦☻♥ⱶ─ ⌐◦ⱨ♩

↕∑╢≤ ╕╣╢⁹∕─ ⌐╙◖☻♩ ─ ≤⇔≡⁸ ⁸ ⌂≥⅜ ⅎ╠╣╢⁹ 

⌂ ≤⇔≡ ⌐≈™≡ ⅎ≡╖╢≤⁸ ≢╙ ─√╘─ │⅛⌂╡ ╪≢™╢─

│ ─ ╡≢№╢⁹⅔∕╠ↄ ⌐│ 99% ─ ─ │ ╘╢∞╤℮⅜⁸ ⇔≡№╠╝╢ ⌐

⇔≡ 100%─ ╩ ╗─│ ≢│⌂™∞╤℮⅛⁹∕↓≢⁸ ⌂ ⅜ ⌐⌂╢│∏≢№╢⁹

√≤ⅎ┌⁸ ⅜ ╩ ↓⇔√ ─ ⁸ ─ ╩≥─╟℮⌐ ⅎ╢─⅛⁹№╢™│⁸

⅜ ⌐ ╦╣√≤⅝⁸ ⌂ ─ │≥℮⌂╢─⅛⁹↕╠⌐⁸ ─√╘⌐ ▬fiⱨꜝ

╩≥─ ∆═⅝⅛⁸╕√⁸∕╣⌐ ∆╢ │ ⅜≥─ ∆╢─⅛⁸ ↕╕↨╕⌂ ╩ ∑⌡

┌⌂╠⌂™∞╤℮⁹ 

☻♃fiⱨ◊כ♪ ⁸│≢ꜟכ◒☻כ꜡ ≤ ─ ⌐≈™≡ ⅜ ╘╠╣≡™╢≤™℮[48]⁹

≢│⁸Γ꜡Ⱳ♇♩♃◒◦כΔ≤ ♪כ◌♩♇☺꜠◒─ ─ ⅜ ╡ →╠╣√⁹ ─ ≢│

(a) (b) 

ќ  ќ  

꜠
ⱬ
ꜟ 

꜠
ⱬ
ꜟ 
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₈꜡Ⱳ♇♩ ⌐ ╩ ⅎ╢⅛₉≤ ℮     

⅜ ↕╣√⁹ ⅎ┌₈꜡Ⱳ♇♩│ ⅜

⅝╢↓≤╩ ≢⅝⁸∕╣╩ ≢⅝╢ ₉

∞∫√⅛≥℮⅛⌂≥≤™℮ ≢№╢⁹ 

─ ≢│⁸ ─ ◦☻♥ⱶ⅜◒꜠☺

♪כ◌♩♇ ╩ ⇔√ ⁸ ╩

⌐∆╢╟℮ ↑╠╣≡™╢↓≤⌐ ⇔

≡⁸ ⅛≥℮⅛⅜ ⌐⌂╢⁹ 

™∏╣╙ ─ ≢№╢⅜⁸∕─ ─ ₁

╙☻כ◔─ ⅎ╠╣⁸ ≢№╢↓≤⅛╠⁸

™ ≢─ ⅜ ⌐⌂╢≢№╤℮⁹ 

 

 

─╟℮⌂ ─ ⌐│⁸ ∏◖☻♩⅜ ℮│∏≢№╢⁹ ⌂ ◦☻♥ⱶ╩ ⇔╟℮≤∆╣┌⁸

⌂◖☻♩⅜⅛⅛╡⁸ ╘─꜠ⱬꜟ≢ ╕∕℮≤∆╢⌂╠┌⁸∕╣⌐ ℮ ⌂◖☻♩ ⅜ ∆╢∞╤℮⁹

↓╣│ ⌐ ⅎ─ ⌂™ ≢⁸ ─╟℮⌂◖☻♩ ╩ ™≡⁸◖☻♩ ─ ≢ ∆╢╟℮⌂

⌐│ ⅛⌂™≢№╤℮⁹ 

╕√ ⌂↓≤⌐ ╢≤⁸ ⁸▪ꜟ◗ꜞ☼ⱶ⌐│⁸ ⅛≥℮⅛│ ⌐⇔≡⁸∕╣╩ ╡ √∑╢

⅜ ∏ ∆╢│∏≢№╢⁹∕─ ╩ ╣√╡⁸ ⇔√╡∆╢≤⁸ ⌐╟∫≡│ ╦⌠ ≤

⇔ ⌐ ╡⅛⌡⌂™─≢⁸ ⌐ ⅜ ≢№╢⁹ ⌐ ╩♃כ♦─ ⇔√⸗♦ꜟ╩ ∆╢ ⁸₈

⅛╠ ⌐╙ ─ ⅜ ∆╢₉≤™℮ ─ ⅜№╢↓≤⌐ ∆═⅝≢№╢⁹ 

↕╠⌐⁸ ╩ ∂√ ─ ⌐ ∫≡ ⅎ╢═⅝≢│⌂™∞╤℮⁹ ─ ─ ╛▪ⱪ꜡כ♅⌂≥╙

╘≡⁸ ◦☻♥ⱶ│₈ ₉⌐╙↓∞╦╠∏⁸ ™ ╩ ∫≡ ↕╣╢═⅝≢№╢⁹∟⌂╖⌐⁸꞉♩♁

fi⅜☺ꜛⱤ♦▫≢ ⌐ ⇔√ ⌐│⁸◒▬☼ ─ ≢₈℮╕ↄ ↑ ╩ ⱶכ◕℮™≥₉╢↑ ─

╡ ╖╙№∫√⁹ 

ↄ ─ ≤⇔≡⁸ ─ ╛ ─ꜞ☻◒⅜№╢⁹ ≢│ ─ │ ⌐≤∫≡

╙ ⌂Γ Δ╩╙√╠∆≢№╤℮⇔⁸ ⌐≈™≡│ 2015 7 ⌐⁸ꜞ☻◒╩ ⇔≡ ╩ ⇔√

─ ╩ ∆═⅝≤─ ⅜ ↕╣√⁸≤™℮[49]⁹₈ΓAI Δ│ ⌂▬fi♥ꜞ☺▼fi☻╩ ∟⁸

≢│⌂ↄ ⅜ ╩ ╘╢₉≤™℮╟℮⌂╙─≢№╢⅜⁸↓↓≢│ ╡∑∏ ─ ─╖

⌐≤≥╘╢⁹ 

─╟℮⌂ ─ ╩ ⅎ╢ ⁸╛╛╙∆╢≤ⱪꜝ☻ ─╖⌐ ⅜ ⅛™⅜∟≢№╢⅜⁸ ⌂ꜞ

☻◒⌐╙ ╩ ╢↓≤╩ ╣≡│⌂╠⌂™⁹ ⌐ ◦☻♥ⱶ│ ⌐Ⱪꜝ♇◒Ⱳ♇◒☻⌐⌂╡╛∆™ ─

╙─≤ ⅎ╠╣⁸ ╩ ∆≤⅝│⁸ ─ ⌐ ⅎ⌂™≤↓╤≢₈ ₉⅜ ⅛╣⌂™╕╕⌐ ╗ꜞ☻

◒⁸∕╣⅜ ∆╢╟℮⌂ꜞ☻◒╩ ⇔≡│⌂╠⌂™∞╤℮⁹∕─√╘⌐│ ╙♩☻◖ה♪♇ⱫכⱣכ○─

⌐ ╗ ⅜№╢⅛╙⇔╣⌂™⁹ 

 

ᵓ ≤ ⌐≈™≡ 

╛ ⌐ ∆╢ ─ ⌐│ ⌂╙─≤ ⌂╙─⅜ ⅎ╠╣⁸ ╕⇔™ ≤∕℮≢│⌂

™ ⅜ ╕╣╢⁹ 

↓↓≢⁸ ⌂╙─≤│⁸ ─ ╩ ⁸꜡Ⱳ♇♩╛ ◦☻♥ⱶ≢ ⅝ ⅎ√╡⁸ ─ ╛

─ ╩ ⅎ╢╙─≢№╡⁸ ⌂╙─≤│⁸ ◦☻♥ⱶ⅜ ─ ╩ ⇔√╡⁸ ─ ┼─

╩ →╢╟℮⌂↓≤≢№╢⁹ 

꜠ⱬꜟ 

◖☻♩ 

◖☻♩  ꜠ⱬꜟ▪♇ⱪ

⌐ ∆╢  

꜠ⱬꜟ─ ↕

⌐╟╢  

 ꜠ⱬꜟ≤◖☻♩─ ▬ⱷכ☺  
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╕⇔™ │⁸ ─ ⌐╟╢ ─ ⁸ ─ ⁸ ─ ⅜ ⅜∫≡ ⌂ ⅝ ⅜

≢⅝╢↓≤⁸ ™ ⌐ ↄ ⅜ ⅜╢↓≤⌂≥≢⁸ⱴ▬♫☻─ │⁸ ╛ ─ ⁸ ⅝ ╛

─ ⅜ ∆╢ ╣⁸ ⅜ ™ ⌐ ™ ╕╣╢↓≤⌂≥≢№╤℮⁹ 

⌂ ≤⇔≡ ↄ◖fiⱧꜙכ♃⌐ ⅝ ⅎ╠╣╢ꜞ☻◒│ ⇔≡™╢≤ ╦╣╢[43]⁹☻◐ꜟ╩№

╕╡ ⇔⌂™ ─ ≢─ ⁸ ⁸ ☻ⱦכ◘─≤⌂ ╛ ☻◐ꜟ╩ ∆╢

─ ⁸ ⌂≥╩ ╘╠╣╢ │ ⌐ ∆╢ ⅜ ⌂ↄ⁸ ╛ ⌂≥─ ╡

⇔ ─ │ꜞ☻◒⅜ ™⁹↕╠⌐ ⌂₈10 20 ⌐⌂ↄ⌂╢ ₉─ꜞ☻♩│⁸○♇◒☻ⱨ

♪כ◊ ─ ⌐№╡[1] [3]⁸₈ ≤ ─∆╖╦↑₉⌐≈™≡─ ─◖ⱷfi♩╙ ↕╣≡™╢[3]⁹ 

≤╡╦↑⁸ ™☻◐ꜟ╩ ≈ ≤ √⌂™ ≤─ ─ ⅜ ∆╢ │ ∕℮≢№╡⁸√≤ⅎ┌⁸

─ ◦☻♥ⱶ─ ⅜ ─ ╩ ╢ ≢⁸ ─ ⅜ ⌐⌂╢╟℮⌂↓≤╙

↓╡∕℮≢№╢⁹MIT ─Ⱪꜞ♬ꜛꜟ♁fi ╠│₈ ─ כ♃☻כⱤכ☻ ─ ₉│╕∆╕

∆ ⌂♩꜠fi♪⌐⌂╡≈≈№╢⁸≤ ℮[44]⁹ 

⌂ ≤⇔≡│⁸ ─Ɽⱨ◊כⱴfi☻ ⅜Γ Δ↕╣⁸ ≡⅜ ─ ⌐⌂∫≡⁸╟╡

⌐₈ ─ ₉⅜ ↕╣╢╟℮⌐⌂╡∕℮⌂↓≤⅜№╢⁹╙∟╤╪⁸↓╣╠│ ⌐≈⌂⅜╡⁸

╛ ─▬fi☿fi♥▫Ⱪ╩ ⌐ ↕∑╢╟℮⌐╙≢⅝╢∞╤℮⁹ 

╕√⁸ ⌂ SNS ≢─≈⌂⅜╡─ ⁸e ⱬ▬ ≢─ ╙ ≤⇔≡ ≢ ╡⌐ ↕╣╢⅛╙⇔╣

∏⁸ ⌐╟∫≡│ ⌐∕─╟℮⌂ ╩ ∆╢⅛╙⇔╣⌂™[45]⁹↓╣╠│ ∟⌐│ ⅝⌂™∞╤℮

⅜⁸ ↕╣╢ │⁸ⱪꜝ▬Ᵽ◦כ ⌐╙⁸ ─ ⅜ ⇔√╙─⌐⌂∫≡ ↄ⇔⌐ↄↄ⌂╡⁸

♅ꜗ꜠fi☺╙⇔⌐ↄↄ⌂╢⅛╙⇔╣⌂™⁹ Ⱶ☻⁸ ─ ™╩ ≢⅝╢ ╖╙ ⌐⌂╤℮⁹ 

↕╠⌐⁸↓─ │₈▪ꜟ◗ꜞ☼ⱶ ₉─ ⅜ ╢⅛╙⇔╣⌂™[46]⁹ ⌐⁸₈↓─ ≢ ⌂ ╩

⅝ ↑╠╣╢⅛₉─ ⁸Ⱬ♇♪Ɫfi♃₈⅜כ↓─ ⁸ ≢─ כ♄כꜞ⌂ ₉╩ ╘╢↓≤⌂≥⅜⁸▪

ꜟ◗ꜞ☼ⱶ ↕╣ ╘≡™╢╟℮≢№╢⁹ ─ ⸗♦ꜟ│⁸ ─ E ⱷ⁸ꜟכ ⁸♅ꜗ♇♩⌂≥

╩ ⇔≡ ╩ ≢⅝╢⅛╙⇔╣∏⁸ ≢│ ─ ╩▪◖☻ה◒☻ꜞ ∆╢ ─ ™

⸗♦ꜟ╙ ↕╣╢∞╤℮⇔⁸ ╙ ╩ ╩ꜞⱪ▪הꜟ♦⸗─╘√╢↑≈ ∆╢∞╤℮⁹ ─

╠⅛◓ⱴ▬♬fi♃כ♦╙≢ ─ ⅜ ╕╤℮≤⇔≡™╢╟℮≢№╢⁹ 

∕─╟℮⌂ ⌐ ⅎ╢√╘⌐ ⌂↓≤│⁸☻◐ꜟ╛ ╩ ⌐≈↑╢√╘─ ≢№╡⁸ ⅜№∫≡

▬ⱡⱬכ◦ꜛfi⌐ ≢⅝╢ ╙ ╘╠╣╢≢№╤℮⁹ 

⌂≥⅜ ∆╢≤ ↕╣╢≤⅝⁸♄ⱬfiⱳ₈│♩כ ─ ╩⁸ fiꜛ◦כ♥ⱷfi◓כ○ ─

≤™℮ ╖≢≤╠ⅎ ∆↓≤⅜≢⅝╢∞╤℮₉≤ fi│⁸₈ꜛ◦כ♥ⱷfi◓כ○⁹[47]℮ ─ ⌐╟╢

╩ ≤⇔⁸ ─ ⌐╟∫≡™⅛⌐ ─ ╩ ╘╠╣╢⅛ ≢⅝╢⅛⁸≢│⌂ↄ ╩

╘╢₉⁹∕↓≢│⁸ ╩ ∆√╘⌐⁸₈STEP UP ∆╢ ⁸STEP ASIDE ╢ ⁸STEP IN

∆╢ ⁸STEP NARROWLY ╡ ╗ ⁸STEP FORWARD ∆╢ ₉≤™℮₈ ≈─▪ⱪ꜡₉♅כ⅜№╢≤

╩fiꜛ◦כ♥ⱷfi◓כ○⁸₈≡⇔ ↕∑╢√╘⌐│⁸ ≤◖fiⱧꜙכ♃│ ₁⌐ ℮╟╡╙ ╖ ╦∑≡

∫√╒℮⅜╟™≤ ⅜ ⇔≡™╢ ⅜№╢₉≤™℮[47]⁹ 

⁸ IBM ─꜡ⱩהⱢ▬ CTO │Watson ─ ≤⇔≡₈◖fiⱧꜙכ♃≢ ╩ ↕∑√™≤│ ╦

⌂™⁹◖fiⱧꜙכ♃≢ ─ ╩ ⇔⁸ ╩ ↕∑≡⁸╟╡ ™ ⅜≢⅝╢╟℮⌐⇔√™₉≤ ℮

[34]⁹ 

 

⌐ 

 ↓↓╕≢ ≡⅝√ ⁸ ─₈ ₉│ ─Ⱪכⱶ─ ≤│ ⌐ ⌂∫≡™≡⁸ ↓∕│ ─Ⱪ

ⱶ≢│⌂ↄ⁸כ ╙ ⌐ ⅝⌂ ╩ ⅎ ↑╢╟℮⌂ ⅝⌂ ╣╩ ∆╢╙─≤ ⅎ╠╣╟℮⁹ 

™╕ ⌐⇔⅛≢⅝⌂™≤ ╦╣≡™╢↓≤⌐╙⁸ ─ ⅜ ╖╠╣≡™╢⁹ 
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 ⅎ┌⁸ │≥℮∞╤℮⅛⁹ ⌂↓≤│ ⅎ⌂™⅜⁸ ≢│ ™ ≢ ╣┌⁸ ⌐ ⇔√

⌐≈™≡Ɽ♃כfi⅜ ↕╣≡⁸∕╣╩ ⅜ ≢⅝╢⌂╠┌⁸ ╩ ≈ ◦☻♥ⱶ╙ ∆╢

⅜ ™╟℮⌐ ╦╣╢⁹√∞⇔⁸∕─╟℮⌂◦☻♥ⱶ│₈ ℮↓≤₉╙ ∏ ∆╢│∏⌂─≢⁸ ™

⌐ ─ ⅜ ≢№╤℮⁹ 

 ╛│╡ ⌐ ⇔≡ ⌐│⁸ ⌂ ≤ ╩ ╘≈≈⁸ ⌂ ⅝ ™ ╩ ⇔≡™ↄ ⅜

№╡∕℮≢№╢⁹ 

 ⱦ☺Ⱡ☻─ ⌐ ╩ ↑╢≤⁸ ⌐ ─ │≢ꜟ◓כ◓⁸│ ≢⁸ⱨ▼▬☻Ⱪ♇◒│ⱱכⱶⱭכ☺─

◌☻♃ⱴ▬☼⌐⁸─╟℮⌐ ─ ≢ ⌐ ╘╠╣≡⅔╡⁸ⱴ▬◒꜡♁ⱨ♩⁸ ─Ᵽ▬♪▲⌂≥

╙ ⌐ ╡ ╖ ⇔≡™╢[50]⁹ 

 ⱦ☺Ⱡ☻─ ≢│⁸ⱬ☻♩─▪ꜟ◗ꜞ☼ⱶ≤≤╙⌐ ╩♃כ♦ ≈ ⅜ ⌐⌂╢⁸≤╙ ╦╣╢[51]⁹

∕─╟℮⌂ ≢│⁸ ⌐ ⅜ ↄ№╡ ⅜♃כ♦─ ∆╢⌂╠┌⁸ ⌐ ╩♃כ♦ ↕∑╢

↓≤≢ ⅎ∏ⱦ☺Ⱡ☻ ╩ ↕∑≡™ↄ╟℮⌂♄▬♫Ⱶ♇◒⌂ ╙ ≢⅝∕℮≢№╢⁹ 

 ⁸ ⅜ ╘√Ⱡ♇♩⅛╠─ ╩ ⌐ ╙ ⅎ≡ ╩ ⇔√⁹ 2015 10 ≢│⁸

⌐ ™ ╩◌Ᵽ⁸⅜╢№≢╡╙≈√⇔כ↓─ │ ⌐ ∆╢ ⌐№╡⁸™≈ ⌂ ⅜ ⅝

╢⅛ ⅛╠⌂™⁹∕─ ≢│ │ ≢ ™ ≤ ⅎ╟℮⁹ 

⅜ ⌂╡≤╙ ╕╣╢ ─ ⌐⌂╣┌ ™≢№╢⁹ 
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