
ˤͦͪͦͤͼ͍ͦ ˴͙ͦͤͫͭ͊ͤͭͤ ˤΎ;͔͍͍͙ͫ͊ͦ͡;
͒ΦͺΦ-ͣΦͤΦΣ ͨͪͦͺ͔ͫͫͦͪ ˾ˢ˹Σ 

͙͊͋ͦͪ͊ͭͦͪ͡Ύ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͙ ͔͙ͫͣ͊ͤͭ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ ˮ͙ͤͫͭͭͯͭ͊ ˮˮ ˸˥̂Σ
͊͟ͺ͔͒ͪ͊ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ˤ˸˴ ˸˥̂,

͊͟ͺ͔͒ͪ͊ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͙ ͼ͙ͺ͍͚ͪͦͦ ͎͙͙͙͙ͯͣ͊ͤͭ͊ͪͫͭ͟˸̅́ˮ,
k.vorontsov@iai.msu.ru

͍̏ͦ͡Όͼ͙Ύ ͙͔͚͒ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ 
ͦͭ ̅ͪΉ͙ͤͫͫ͊ ˣΉͦͤ͊͟ 

͒ͦ ͋ͦ͡Έ΄͙ͻ Ύ͘·͍ͦ͟·ͻ ͔͔͚ͣͦ͒͡

˾͙͚ͦͫͫͫ͊͟Ύ ͊ͫͫͦͼ͙͊ͼ͙Ύ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ 
ˤ͔͙͚͙͚ͫͪͦͫͫͫ͟ ͔͙ͫͣͤ͊ͪ ͨͦ ͙͍͔ͫͯͫͫͭͤͤͦͣͯ͟ ͙͔͔ͤͭͭͯ͟͡͡ 
͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦΣ ͙͍͊ͫͨͪ͊ͤͭͦ ͙ ͣͦͦ͒͡·ͻ ͯ;͔ͤ·ͻ τнл ͣ͊Ύ нлнп

mailto:voron@mlsa-iai.ru


˨ͦ͊͒͟͡;͙͟Υ   ˤͦͪͦͤͼ͍ͦ ˴͙ͦͤͫͭ͊ͤͭͤ ˤΎ;͔͍͍͙ͫ͊ͦ͡;
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˿͔͙͔ͦ͒ͪ͗͊ͤ

1. ˭͊͒͊;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˽ ͔ͪ͒·͙ͫͭͦͪΎ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Ǻ ͔͙͎͙ͪͣͤͦͦ͡Ύ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˽ ͙͔ͪͣͪ· ͊͒͊͘; ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ

2. ˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˹ ͔͚ͪͦͤͤ·͔ ͔͙ͫͭ ͙ ͎͔ͯ͋ͦͦ͟͡ ͦ͋ͯ;͔͙͔ͤ
Å˻ ͙͙ͨͭͣ͊͘ͼ͙ͦͤͤ·͔ ͊͒͊͘;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˭ ͊͒͊;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͫ ͍͔͙ͭͦͪ͊͘͟ͼ͙͔͚ ͦ͋Ά͔͍ͭͦ͟

3. ˣͦ͡Έ΄͙͔ Ύ͘·͍ͦ͟·͔ ͔͙ͣͦ͒͡
Å˸ ͔͙ͦ͒͡ ͍͙͙ͤͣ͊ͤΎ ͙ ͭͪ͊ͤͫͺ͔ͦͪͣͪ·Σ Ή͔͔ͣͪ͒͗ͤͭͤͦͫͭΈ
Å˻  ͔ͭͫͭͦ͟-͎ͪ͊ͺ͙;͔ͫͦͣ͟ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡ ͙͚ͤ͊ͤ͘ 
Å˸ ͙ͺ· ͦ͋ ͙͍͔ͫͯͫͫͭͤͤͦͣ͟ ͙͔͔͔ͤͭͭ͟͡͡

3



˸͔͎͙ͭͦ͒ͦͦ͡Ύ Ή͙͙ͣͨͪ;͔͚ͫͦ͟ ͙ͤ͒ͯ͟ͼ͙͙

˻ͭ ͔͙͍͎͒͒ͯͭͤͦͦ͟ ͔ͣͭͦ͒͊ ͙ͨͦͤ͊ͤ͘Ύ ͟ ͙͙͍ͤ͒ͯͭͤͦͣͯ͟Υ
ζ˹͔ ͔͔ͫ͒ͯͭ͡ ͎ͨͦ͊͊ͭ͡ΈͫΎ ͤ͊ ͫͺ͙͍ͦͪͣͯͪͦ͊ͤͤ͡·͔ ͙͊ͫͦͣ͟· ͙ 
ͺͦͪͣ͊͡Έͤ·͔ ͍͋͊ͦ͘·͔ ͨͦͤΎ͙ͭΎΣ ͙͙͊ͣ͟͟ ͋· ͙͍͔͔ͨͪ͊ͭ͟͡͡Έͤ·͙ͣ 
͙ ͍͔͙͍ͫͨͪ͊͒͡·͙ͣ ͙ͦͤ ͔ͤ ͙͊͊ͫ͘͟͡ΈΦ ˭͊ͦͤ͟· ͙ͨͪͪͦ͒· ͤͯ͗ͤͦ 
ζͪ͊ͫ΄͙ͺ͍ͪͦ·͍͊ͭΈη ͙͘ ͺ͍͊ͭͦ͟ ͦͨ·ͭ͊Φ ˿͔͔͒ͯͭ͡ ͙ͫ͊ͭ͟Έ 
͍͙ͨͪ͊͡Έͤ·͚ ͔ͣͭͦ͒ ͙͊ͤ͊͊͘͡ ͙ ͦ͋ͦ͋΅͔͙ͤΎ ͦͨ·ͭͤ·ͻ ͒͊ͤͤ·ͻΤ 
͔͒ͫ͘Έ ͎͙ͦ͊͟͡ ˢ͙͔ͪͫͭͦͭ͡Ύ ͔ͤ ͨͦ͒ͻ͙ͦ͒ͭ ͍ ͙ͫͯ͡ ͔͖ ͙͊͋ͫͭͪ͊ͭͤͦͫͭ͟Σ 
͍͙ͦͭͦͪ͊ͤͤͦͫͭ ͦͭ ͔ͪ͊͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͙ Ύ͍͔͙͚ͤ͡Φη

͙́͊͋͡ͼ͊ ͦͭͪ͟·͙ͭΎΥ ͔͍ͣͤͦ͗ͫͭͦ ͦ͋Ά͔͍ͭͦ͟ ὼȟȣȟὼ :

ÅὪὼ ς͙ ͔ͣͪ͘Ύ͔͔ͣͦ ͤ͊͘;͔͙͔ͤ ͙ͨͪͤ͊͊ͦ͋͘͟Ά͔ͭ͊͟ὼ

Åώς͙ ͔ͣͪ͘Ύ͔͔ͣͦ ͤ͊͘;͔͙͔ͤ ͼ͔͔͍͎ͦͦ͡ ͍͚͍ͫͦͫͭ͊ὼ, ͡ ͙͋ͦ
ώᶰπȟρςͦ ͍͙͔ͭͫͯͭͫͭ ͙͙͡ ͙ͤ͊͡;͙͔ ͼ͔͔͍͎ͦͦ͡ ͍͚͍ͫͦͫͭ͊

4

̅ͪΉ͙ͤͫͫ ˣΉͦͤ͟ 
(1561--1626)

̅ͪΉ͙ͤͫͫ ˣΉͦͤ͟Φ˹͍ͦ·͚ ͎ͦͪ͊ͤͦͤΦ мснлΦ



˭͊͒͊;͊ ͍͔͔͙ͨͪͦ͒ͤΎ ͺͯͤ͟ͼ͙͙ ;͔͔ͪ͘ ͭͦ;͙͟

˽͔͙͔ͪ͒ͫ͊͊ͤ͘͟ ͍͚͍ͫͦͫͭ͊ ώὼͨͦ ͙ͨͪͤ͊͊ͣ͘͟ Ὢὼ, 
ό͙͔͚͚ͤͤͦ͡ύ ͔ͣͦ͒͡ΈΌ ὥὼȟύ ͫ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣ ύ:

ὥὼȟύ ВύὪὼ

˸͔ͭͦ͒ ͙͔ͤ͊ͣͤΈ΄͙ͻ ͍͍͊͒ͪ͊ͭͦ͟ ό˥͊ͯͫͫΣ мтфрύΥ

В ȟ ὥὼȟύ ώ ᴼÍÉÎ

5

˴͊ͪ͡ ͙͙̅ͪ͒ͪͻ ˥͊ͯͫͫ 
(1777--1855)

ζOur principle, which we have made use of since 
1795, has lately been published by LegendreΧη

C.F.Gauss. Theory of the motion of the heavenly 
bodies moving about the Sun in conic sections. 1809.



˭͊͒͊;͊ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͔͎͔͙͙ͪͪͫͫ

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔͍͔͙ͤ͊ͫ͒ͫͭͤͤͦͫͭ͡ ͪͦͫͭ͊ ό˥͊͡Έͭͦͤ, 1886).

ɲτ͔͙͔ͦͭͦͤͤ͟͡ ͪͦͫͭ͊ ͦͭ ͔͔͎ͫͪ͒ͤͦ ͍ ͨͦͨͯ͡Ύͼ͙͙

˭͍͙͙͊ͫͣͦͫͭΈ ό͙͔͚ͤͤ͊͡ΎΚύ ɲ͍ ͎ͪͦͫͦͦ͘͡ ͫ·ͤ͊ ͦͭ ɲͦ ͭͼ͊:

6

̅ͪΉ͙ͤͫͫ ˥͊͡Έͭͦͤ
(1822--1911)

GaltonF. Regression towards mediocrity in hereditary stature. 1886.

˨͍͚͚ͦͤͦ ͫͣ·ͫ͡ ͔͙ͭͪͣͤ͊ 
ζ͔͎͔͙ͪͪͫͫΎηΥ

Åͪ ͔͎͔͙ͪͫͫΎ όͪͦͫͭ͊ύ 
͟ ͔͔ͫͪ͒ͤͣͯ ͍ ͨͦͨͯ͡Ύͼ͙͙

Åͤ ͔ͦ͋·;ͤ·͚ ζͦ͋ͪ͊ͭͤ·͚η ͻͦ͒ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ 
ͫͤ͊;͊͊͡ ͒͊ͤͤ·͔Σ ͨͦͭͦͣ ͔ͣͦ͒͡Έ



˸͊΄͙͔ͤͤͦ ͦ͋ͯ;͔͙͔ͤ(Machine Learning, ML)

Åͦ ͒ͤ͊ ͙͘ ͟͡Ό;͔͍·ͻ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ 
͔ͭͻ͎͙͚ͤͦͦ͡ ͋ͯ͒ͯ΅͔͎ͦ

Åͤ ͙͔͔͊͋ͦ͡ ͔ͯͫͨ΄͔ͤͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ˮˮΣ 
͍·͔͙͍ͭͫͤ΄͔͔ Ή͔ͫͨͪͭͤ͟·͔ ͙͔ͫͫͭͣ· ͙ 
͙͔͔͙ͤ͗ͤͪΌ ͙͚ͤ͊ͤ͘

7

Åͨ ͍͔͔͙͔ͪͦ͒ͤ ͺͯͤ͟ͼ͙͙ ;͔͔ͪ͘ ͊͒͊ͤͤ͘·͔ ͭͦ;͙͟ 
͍ ͫͦ͗ͤͦ͡ ͔ͯͫͭͪͦͤͤ·ͻ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ͻ

Åͣ ͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͍ ͍͙ͯͫͦ͡ΎͻΣ 
͎ͦ͒͊͟ ͙͚ͤ͊ͤ͘ ͣ͊ͦ͡Σ ͒͊ͤͤ·ͻ ͎ͣͤͦͦ 

Åͭ ·ͫΎ;͙ ͙ͪ͊͘͡;ͤ·ͻ ͔͍ͣͭͦ͒ͦ ͙ ͎͙͍͊ͦͪͭͣͦ͡

Å͋ ͔͔ͦ͡ млл ллл ͤ͊ͯ;ͤ·ͻ ͙ͨͯ͋͊͟͡ͼ͙͚ ͍ ͎ͦ͒ 



˭͊͒͊;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͫ ͯ;͙͔͔ͭͣ͡

̏ͭ͊ͨ Ѕм ςͦ ͋ͯ;͔͙͔ͤ ͫ ͯ;͙͔͔ͭͣ͡

Å˹ ͊ ͍ͻ͔ͦ͒Υ 
͒͊ͤͤ·͔ς͍ ·͋ͦͪ͊͟ ͔ͨͪͼ͔͔͍͒ͤͭͦ ζͦ͋Ά͔ͭ͟­͍͔ͦͭͭηΣ
͊͗͒͟·͚ ͦ͋Ά͔ͭ͟ ͙ͦͨͫ·͍͔͊ͭͫΎ ͤ͊͋ͦͪͦͣ ͙͍ͨͪͤ͊ͦ͘͟

Å˹ ͊ ͍·ͻ͔ͦ͒Υ
͔ͣͦ͒͡ΈΣ ͔ͨͪ͒ͫ͊͘͟·͍͊Ό΅͊Ύ ͍͔ͦͭͭ ͨͦ ͦ͋Ά͔ͭͯ͟

̏ͭ͊ͨ Ѕн ςͨ ͙͔͔͙͔ͪͣͤͤ 

Å˹ ͊ ͍ͻ͔ͦ͒Υ 
͒͊ͤͤ·͔ςͤ ͍ͦ·͚ ͦ͋Ά͔ͭ͟

Å˹ ͊ ͍·ͻ͔ͦ͒Υ
͔͙͔ͨͪ͒ͫ͊͊ͤ͘͟ ͍͔ͦͭͭ͊ͤ͊ ͍ͤͦͦͣ ͦ͋Ά͔͔ͭ͟

˩͙ͫ͡ ͔ͤͭ ͒͊ͤͤ·ͻΣ 
ͭͦ ͔ͤͭ 

͙ ͣ͊΄͙͎ͤͤͦͦ 
ͦ͋ͯ;͔͙ͤΎ

8

ͦ͋ͯ;͊Ό΅͙͔ 
ͦ͋Ά͔ͭ͟·

(train)

͍ͤͦ·͚ ͦ͋Ά͔ͭ͟
(test)

͙͙͍͔ͨͪͤ͊ͦͭͭ͘͟·



˽͙͔ͪͣͪ· ͊͒͊͘; ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ

Å˸ ͔͙͒ͼ͙ͤͫ͊͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Υ
ͦ͋Ά͔ͭ͟ς͒ ͊ͤͤ·͔ ͦ ͨ͊ͼ͙͔͔ͤͭ ͤ͊ ͔ͭͯ͟΅͙͚ ͔ͣͦͣͤͭ 
͍͔ͦͭͭς͒ ͙͎͊ͤͦ͘ κ ͔͡;͔͙͔ͤ κ ͙ͪͫ͟ ͙ͫͻͦ͒͊

Å˽ ͙ͦͫ͟ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͔ͨͦͤ͘͡·ͻ ͙͔ͫͦͨ͊ͣ͟·ͻΥ
ͦ͋Ά͔ͭ͟ς͒ ͊ͤͤ·͔ ͦ ͎͔͎͙͙ͦͦ͡ ͚ͪ͊ͦͤ͊
͍͔ͦͭͭς͔ ͫͭΈκ͔ͤͭ ͔͔͙͔ͣͫͭͦͪͦ͗͒ͤ

Å̂ ͍͔͙͔ͨͪ͊ͤ͡ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͙ͫͣ͟ ͨͪͦͼ͔͙ͫͫ͊ͣΥ
ͦ͋Ά͔ͭ͟ς͒ ͊ͤͤ·͔ ͦ ͫ·ͪΈ͔ ͙ ͍ͯͨͪ͊͡ΎΌ΅͙ͻ ͔ͨ͊ͪ͊ͣͭͪ͊ͻ
͍͔ͦͭͭς͟ ͙ͦ͡;͔͍ͫͭͦκ͊͟;͔͍ͫͭͦ ͔͎ͨͦͤͦͦ͘͡ ͨͪͦ͒ͯͭ͊͟

9



˽͙͔ͪͣͪ· ͊͒͊͘; ML ͍  ͙͔͔͋ͤͫ͘

Å˴ ͔͙ͪ͒ͭͤ·͚ ͙͎ͫͦͪͤ͟:
ͦ͋Ά͔ͭ͟ς͒ ͊ͤͤ·͔ ͦ ͖͊ͣ͘΅͙͔͟
͍͔ͦͭͭςͪ ͔΄͔͙͔ͤ ͨͦ ͔͙ͪ͒ͭͯ͟ & ͍͔ͪͦΎͭͤͦͫͭΈ ͔͒ͺͦͭ͊͡

Å˽ ͔͙͔ͪ͒ͫ͊͊ͤ͘͟ ͦͭͭͦ͊͟ ͙͔͍ͤͭͦ͟͡Υ
ͦ͋Ά͔ͭ͟ς͒ ͊ͤͤ·͔ ͦ ͙͔͔ͤͭ͟͡ ͤ͊ ͔ͣͦͣͤͭ ͍͔͔͙ͪͣͤ t
͍͔ͦͭͭςͯ ͚͖͒ͭ ͙͡ ͙͔ͤͭ͟͡ ͟ ͔ͣͦͣͤͭͯ ͍͔͔͙ͪͣͤ t +D

Å˽ ͎͙͍͙͔ͪͦͤͦͪͦ͊ͤ͘ ͦ͋Ά͖͍ͣͦ ͨͪͦ͒͊͗Υ
ͦ͋Ά͔ͭ͟ς͒ ͊ͤͤ·͔ ͦ ͨͪͦ͒͊͗͊ͻ ͤ͊ ͔ͣͦͣͤͭ ͍͔͔͙ͪͣͤ t
͍͔ͦͭͭςͦ ͋Ά͖ͣ ͫͨͪͦͫ͊ ͍ ͙͔͍͔ͤͭͪ͊͡ ͦͭ t͒ͦ t +D
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˽͙͔ͪͣͪ· ͊͒͊͘; ML ͍  ͙͔͔ͤͭͪͤͭ-͔͍͙ͫͪͫ͊ͻ

Åˮ ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͚ ͙ͨͦͫ͟ ͍ ˮ͔͔͔ͤͭͪͤͭΥ
ͦ͋Ά͔ͭ͟ς͒ ͊ͤͤ·͔ ͦ ͔ͨ͊ͪ ζ͊ͨͪͦͫ͘ ͙ ͔͒ͦͯͣͤͭ͟η
͍͔ͦͭͭςͦ ͼ͔ͤ͊͟ ͔͔͍͙ͪ͊ͤͭͤͦͫͭ͡ ͔͒ͦͯͣͤͭ͊͟ ͊ͨͪͦͫͯ͘

Å˽ ͪͦ͒͊͗͊ ͔ͪ͊ͣ͟͡· ͍ ˮ͔͔͔ͤͭͪͤͭΥ
ͦ͋Ά͔ͭ͟ς͒ ͊ͤͤ·͔ ͦ ͚͔ͭͪͦ͟ ζͨͦ͡Έ͍͔ͦ͊ͭ͘͡ΈΣ ͙ͫͭͪ͊ͤͼ͊Σ ͔͋͊ͤͤͪη
͍͔ͦͭͭςͦ ͼ͔ͤ͊͟ ͍͔ͪͦΎ͙ͭͤͦͫͭ ͙͊͟͟͡

Å˾ ͔͔͔ͦͣͤ͒͊ͭ͟͡Έͤ·͔ ͙͔ͫͫͭͣ· ͍ ˮ͔͔͔ͤͭͪͤͭ κ TV:
ͦ͋Ά͔ͭ͟ς͒ ͊ͤͤ·͔ ͦ ͔ͨ͊ͪ ζͨͦ͡Έ͍͔ͦ͊ͭ͘͡ΈΣ ͍ͭͦ͊ͪ κ ͺ͙͡Έͣη
͍͔ͦͭͭςͦ ͼ͔ͤ͊͟ ͍͔ͪͦΎ͙ͭͤͦͫͭ ͙ͨͦͯͨ͟͟ κ ͨͪͦͫͣͦͭͪ͊
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˿͔͙͔ͦ͒ͪ͗͊ͤ

1. ˭͊͒͊;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˽ ͔ͪ͒·͙ͫͭͦͪΎ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Ǻ ͔͙͎͙ͪͣͤͦͦ͡Ύ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˽ ͙͔ͪͣͪ· ͊͒͊͘; ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ

2. ˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˹ ͔͚ͪͦͤͤ·͔ ͔͙ͫͭ ͙ ͎͔ͯ͋ͦͦ͟͡ ͦ͋ͯ;͔͙͔ͤ
Å˻ ͙͙ͨͭͣ͊͘ͼ͙ͦͤͤ·͔ ͊͒͊͘;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˭ ͊͒͊;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͫ ͍͔͙ͭͦͪ͊͘͟ͼ͙͔͚ ͦ͋Ά͔͍ͭͦ͟

3. ˣͦ͡Έ΄͙͔ Ύ͘·͍ͦ͟·͔ ͔͙ͣͦ͒͡
Å˸ ͔͙ͦ͒͡ ͍͙͙ͤͣ͊ͤΎ ͙ ͭͪ͊ͤͫͺ͔ͦͪͣͪ·Σ Ή͔͔ͣͪ͒͗ͤͭͤͦͫͭΈ
Å˻  ͔ͭͫͭͦ͟-͎ͪ͊ͺ͙;͔ͫͦͣ͟ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡ ͙͚ͤ͊ͤ͘ 
Å˸ ͙ͺ· ͦ͋ ͙͍͔ͫͯͫͫͭͤͤͦͣ͟ ͙͔͔͔ͤͭͭ͟͡͡

12



˸͔͙ͦ͒͡ ͙͍͔ͫͯͫͫͭͤͤ͟·ͻ ͔͚ͤͪͦͤͤ·ͻ ͔͔͚ͫͭ

13

˹͊ ͊͗͒ͦͣ͟ ͔ͫͦ͡ ͔͙ͫͭ ͍͔ͭͦͪ͟ ͦ͋Ά͔ͭ͊͟ ͔͔ͨͪͦ͋ͪ͊ͯͭͫ͘Ύ ͍ ͍ͤͦ·͚ ͍͔ͭͦͪ͟

˴͔͊͗͒ͦ ͔͍͙͔ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ό͔͚ͤͪͦͤύ ς͡ ͙͔͚ͤͤ͊Ύ ͔ͣͦ͒͡Έ ὥὼȟύ

ˤ͔ͫ͊ ύΎ͍͡ΎΌͭͫΎ ͦ͋ͯ;͔͊ͣ·͙ͣ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣ ͔͙ͣͦ͒͡



˸͔͙ͦ͒͡ ͎͙ͯ͋ͦ͟͡ͻ ͔͚ͤͪͦͤͤ·ͻ ͔͔͚ͫͭ

ˤͻͦ͒Υͫͦ͗ͤͦ͡ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·͔ ζͫ·ͪ·͔η ͒͊ͤͤ·͔ ͦ͋Ά͔͍ͭͦ͟

ˤ·ͻͦ͒Υ͍͔ͭͦͪͤ͟·͔ ͙͍ͨͪͤ͊ͦ͘͟·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ͋Ά͔͍ͭͦ͟Σ ͔͊ͭͣ͘ ͍͔ͦͭͭ·

˽͙͔ͪͣͪ·ͫͦ͗ͤͦ͡ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·ͻ ͦ͋Ά͔͍ͭͦ͟Υ 
͙͔͙ͦ͋ͪ͊͗ͤ͘ΎΣ ͍͙͔͒ͦΣ ͍͔͔ͪͣͤͤ·͔ ͪΎ͒·Σ ͔ͭͫͭ͟·Σ ͭͪ͊ͤ͊͘͟ͼ͙͙Σ ͎ͪ͊ͺ·Σ ΦΦΦ

Deep Learning ςΉͭͦ 
͍͔͎ͫͦ ͙͡΄Έ ͦ͋ͯ;͔͊ͣ͊Ύ 

͍͔͙ͭͦͪ͊͘͟ͼ͙Ύ 
ͫͦ͗ͤ͡·ͻ ͦ͋Ά͔͍ͭͦ͟

14

ͦ͋ͯ;͊Ό΅͙͔ 
ͦ͋Ά͔ͭ͟·

(train)

͙͙ͨͪͤ͊͘͟ ͍͔ͦͭͭ·ζͫ·ͪ·͔ ͒͊ͤͤ·͔η



˥͙͔ͯ͋ͦ͟͡ ͍͖ͫͪͭͦ;ͤ·͔͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭ 
͒͡Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͦ͋Ά͔͍ͭͦ͟ ͤ͊ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύͻ

15

KrizhevskyA., SutskeverI., Hinton G.ImageNet classification with deep convolutional neural networks. 2012.



˾ͦ͡Έ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ

ImageNet: ͦͭͪ͟·ͭ͊Ύ ͍·͋ͦͪ͊͟ 14M ͙ ͔͙͚ͦ͋ͪ͊͗ͤ͘Σ нл˴ ͔͎͙͚͊ͭͦͪ͟

˿ͭ͊ͪͭ ͍ нллф ͎Φ     ͔͍͔̉ͦ͡;͔͙͚ͫ͟ ͍͔ͯͪͦͤΈ ͦ΄͙͋ͦ͟ р҈ ͚͔ͨͪͦ͒ͤ ͍ нлмр ͎Φ

16

Li Fei-Fei et al.ImageNet: A large-scale hierarchical image database. 2009.
Li Fei-Fei et al. Construction and analysis of a large scale image ontology. 2009.



͙́ͪ ͍ͫͦͫͭ͊͡ΎΌ΅͙ͻ ͔ͯͫͨͻ͊ Deep Learning

Å˽ ͍͔͔͔ͦͫͣͫͭͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡
­͔͙͔ͤ͊ͦͨͤ͟͡ ͋ͦ͡Έ΄͙ͻ ͍·͋ͦͪͦ͟ ͒͊ͤͤ·ͻ
͍ ;͙͊ͫͭͤͦͫͭΣ ImageNet

Å˾ ͍͙͙͔͊ͭ͘ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͙ ͎͙͍͊ͦͪͭͣͦ͡ 
­͔͙͔ͤ͊ͦͨͤ͟͡ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͣ͊ͫͫ· ͦͨ·ͭ͊
͔ͣͭͦ͒· ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͒͡Ύ ͋ͦ͡Έ΄͙ͻ ͔͔͚ͪ͊ͣͪͤͦͫͭ͘

Å˨ ͙͔͙ͦͫͭ͗ͤΎ ͙ͣͪͦ͟Ή͔͙͙ͭͪͦͤ͟͟͡ 
­ͪͦͫͭ ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͣͦ΅͔͚ͤͦͫͭΣ ͊ͦͤ͘͟ ˸ͯͪ͊
͍ ;͙͊ͫͭͤͦͫͭΣ ͎ͪ͊ͺ͙;͔͙͔ͫ͟ ͙͔͙ͯͫͦͪͭ͟͡ όGPU)

17



˸͊΄͙͔ͤͤͦ ͦ͋ͯ;͔͙͔ͤ ςΉͭͦ ͙͙ͦͨͭͣ͊͘ͼ͙Ύ

18

ὼς͍ ͔ͭͦͪ͟ ͦ͋Ά͔ͭ͊͟ ͦ͋ͯ;͊Ό΅͔͚ ͍·͙͋ͦͪ͟

ὥὼȟύ ςͨ ͔͔ͪ͒ͫ͊͊ͭ͘͟͡Έͤ͊Ύ ͔ͣͦ͒͡Έ 

ύςͨ ͔͊ͪ͊ͣͭͪ· ͔͙ͣͦ͒͡

,ÏÓÓὼȟύ ςͅ ͯͤ͟ͼ͙Ύ ͔ͨͦͭͪΈ 

ὗύ ς͟ ͙͔͙͚ͪͭͪ ͊͟;͔͍ͫͭ͊ ͔͙ͣͦ͒͡

˭͊͒͊;͊ ͦ͋ͯ;͔͙ͤΎ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͔͙ͣͦ͒͡Υ

ὗύ ,ÏÓÓὼȟύ ᴼÍÉÎ

˿ͨͦͫͦ͋ ͔ͪ΄͔͙ͤΎ ς;͙͔ͫͤͤ͡·͔ ͔ͣͭͦ͒· ͙͙ͦͨͭͣ͊͘ͼ͙͙



˻͋ͯ;͔͙͔ͤ ͫ ͯ;͙͔͔ͭͣ͡ όsupervised learning): 
͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͔͎͔͙͙ͪͪͫͫ(regression)

19

ὼτ͍͔ͭͦͪ͟ ͦ͋Ά͔ͭ͊͟ ͦ͋ͯ;͊Ό΅͔͚ ͍·͙͋ͦͪ͟Σ  ώτ;͙͍͚ͫͦͦ͡ ͍͔ͦͭͭ 

ὥὼȟύ τ͔ͣͦ͒͡Έ ͔͎͔͙͙ͪͪͫͫ ͫ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣ ύ

˹͙͔͊ͨͪͣͪΣ ὥὼȟύ Вύὼτ͙͔͚ͤͤ͊͡Ύ ͔ͣͦ͒͡Έ ͔͎͔͙͙ͪͪͫͫ

,ÏÓÓὼȟύ ὥὼȟύ ώ τ͍͙͊͒ͪ͊ͭ͟;ͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ͔ͨͦͭͪΈ 
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(error)
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˻͋ͯ;͔͙͔ͤ ͫ ͯ;͙͔͔ͭͣ͡ όsupervised learning):
͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ όclassification)

20

ὼτ͍͔ͭͦͪ͟ ͦ͋Ά͔ͭ͊͟ ͦ͋ͯ;͊Ό΅͔͚ ͍·͙͋ͦͪ͟Σ  ώτ͍͔ͦͭͭ όρ͙ ͡ ρ͙

ὥὼȟύ τ͔ͣͦ͒͡Έ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͫ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣ ύ

˹͙͔͊ͨͪͣͪΣ ὥὼȟύ ÓÉÇÎВύὼ τ͙͔͚ͤͤ͊͡Ύ ͔ͣͦ͒͡Έ

,ÏÓÓὼȟύ ÍÁØπȟρ ώВύὼ τͺͯͤ͟ͼ͙Ύ ͔ͨͦͭͪΈ SVM hinge
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(loss)

ͦͭͫͭͯͨ
(margin)



˻͋ͯ;͔͙͔ͤ ͫ ͯ;͙͔͔ͭͣ͡ όsupervised learning):
ͦ͋ͯ;͔͙͔ͤ ͙͍͙ͪ͊ͤ͗ͪͦ͊ͤΌ (learning to rank)

21

ὼτ͍͔ͭͦͪ͟ ͨ͊ͪ· ζ͊ͨͪͦͫ͘-͔͒ͦͯͣͤͭ͟ηΣ  ώτͦͼ͔ͤ͊͟ ͔͔͍͙ͪ͊ͤͭͤͦͫͭ͡

ὥὼȟύ τ͔ͣͦ͒͡Έ ͙͍͙ͪ͊ͤ͗ͪͦ͊ͤΎ ͔͍͒ͦͯͣͤͭͦ͟ ͨͦ ͊ͨͪͦͫͯ͘Σ ͔ͨ͊ͪ͊ͣͭͪ ύ

˹͙͔͊ͨͪͣͪΣ ὥὼȟύ Вύὼτ͙͔͚ͤͤ͊͡Ύ ͔ͣͦ͒͡Έ

,ÏÓÓὼȟὼᴂȟύ ÍÁØπȟρ ώ ώ ὥὼȟύ ὥὼȟύ

͔ͤ ͭͦ͡Έͦ͟ ͙ͨͦͫ͟Σ 
ͤͦ ͙ ͡Ό͋·͔ ͊͒͊͘;͙Σ ͎͔͒ 

;͔͍͔ͦͯ͟͡ ͯ͒ͦ͋ͤͦ 
͙͙ͨͪͤͣ͊ͭΈ ͔ͪ΄͔͙ͤΎΣ 
͍·͙͋ͪ͊Ύ ͙͘ ͍͙͍͊ͪ͊ͤͭͦ



˻͋ͯ;͔͙͔ͤ ͔͋͘ ͯ;͙͔ͭ͡Ύ όunsupervised learning):
͔͙͊ͫͭͪ͊͘͟͡ͼ͙Ύ(clustering)

22

ὼτ͍͔ͭͦͪ͟ ͦ͋Ά͔ͭ͊͟ ͦ͋ͯ;͊Ό΅͔͚ ͍·͙͋ͦͪ͟Σ ͍͔ͦͭͭ· ͔ͤ͊͒͊͘ΌͭͫΎ

ὥὼȟύ τ͔͊ͫͭͪ͟͡Σ ͙͚͋͗͊͡΄͙͚ ͟ ὼ

ύ ὧȟȣȟὧ τ͍͔ͭͦͪ͟· ͼ͔͍ͤͭͪͦ ͍͔ͫͻ ͔͍͊ͫͭͪͦ͟͡ 

,ÏÓÓὼȟύ ÍÉÎὼ ὧ τͪ͊ͫͫͭͦΎ͙͔ͤ ͒ͦ ͙͚͋͗͊͡΄͔͎ͦ ͔͊ͫͭͪ͊͟͡



˻͋ͯ;͔͙͔ͤ ͔͋͘ ͯ;͙͔ͭ͡ΎΥ ͍·Ύ͍͔͙͔ͤ͡ ͙͚͊ͤͦͣ͊͡
(anomaly /outlier /novelty detection)

23

ὼτ͍͔ͭͦͪ͟ ͦ͋Ά͔ͭ͊͟

ὥὼȟύ τ͔ͣͦ͒͡Έ ͔͎͔͙͙ͪͪͫͫ / ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ / ͔͙͊ͫͭͪ͊͘͟͡ͼ͙͙

,ÏÓÓὼȟύ τ͍·͋ͪ͊ͤͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ͔ͨͦͭͪΈ

˻͋ Ά͔ͭ͟· ͙ͪ͊ͤ͗ͪͯΌͭͫΎ ͨͦ ͯ͋·͍͙͊ͤΌ ͔ͨͦͭͪΈΣ ͙͙͊ͤ͊ͪͯ͘͡ΌͭͫΎ top-k



˻͋ͯ;͔͙͔ͤ ͔͋͘ ͯ;͙͔ͭ͡ΎΥ͍͔͙ͭͦͪ͊͘͟ͼ͙Ύ ͒͊ͤͤ·ͻΣ 
͍͙͍͊ͭͦͦ͒ͪͦ͟΅͙͙͟(autoencoders)

24

ὼτ͙͙͔ͦͨͫ͊ͤ ͦ͋Ά͔ͭ͊͟ ͦ͋ͯ;͊Ό΅͔͚ ͍·͙͋ͦͪ͟Σ  ͍͔͍ͦͭͭͦ ͔ͤ ͒͊ͤͦ

ᾀ Ὢὼȟύ τ͔ͣͦ͒͡Έ ͙͍͙ͦ͒ͪͦ͊ͤ͟Ύ ὼ͍  ͍͔͔ͭͦͪͤͦ͟ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ᾀ

ὼ Ὣᾀȟύᴂτ͔ͣͦ͒͡Έ ͔͙͍͙͒ͦ͒ͪͦ͊ͤ͟Ύ ᾀ͍  ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Όὼ

,ÏÓÓὼȟύ ὫὪὼȟύȟύᴂ ὼ τͭͦ;ͤͦͫͭΈ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙ ͦ͋Ά͔ͭ͊͟

ͦ͋ͯ;͔͊ͣ͊Ύ 
͍͔͙ͭͦͪ͊͘͟ͼ͙Ύ 

ͫͦ͗ͤ͡·ͻ 
ͦ͋Ά͔͍ͭͦ͟



͙̉͊ͫͭ;͔ͤͦ ͦ͋ͯ;͔͙͔ͤ όsemi-supervised learning):
͍͔͙ͭͦͪ͊͘͟ͼ͙Ύ ͎ͪ͊ͺ͍ͦ(graph embeddings)

25

ὼȠὼȟὼᴂτ͒͊ͤͤ·͔ ͦ͋ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύͻ ͔ͣ͗͒ͯ ͦ͋Ά͔͙ͭ͊ͣ͟ 

ᾀ Ὢὼȟ— τ͔ͣͦ͒͡Έ ͍͔͙ͭͦͪ͊͘͟ͼ͙͙ ͦ͋Ά͔͍ͭͦ͟ ὼό͍͔ͪ΄͙ͤ ͎ͪ͊ͺ͊ύ

ὼ Ὣᾀȟ— τ͔ͣͦ͒͡Έ ͔͙͍͙͒ͦ͒ͪͦ͊ͤ͟Ύ ᾀ͍  ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Όὼ

,ÏÓÓὼȟύ ὫὪὼȟ— ȟ— ὼ †ὒ ὼȟ— τ͍͒͊ ͙͔͙ͪͭͪ͟Ύ

T.Mikolovet al.Efficient estimation of word representations in vector space, 2013.
I.Chamiet al.Machine learning on graphs: a model and comprehensive taxonomy. 2020.

ͦ͋ͯ;͔͊ͣ͊Ύ 
͍͔͙ͭͦͪ͊͘͟ͼ͙Ύ 

ͫͦ͗ͤ͡·ͻ ͦ͋Ά͔͍ͭͦ͟ 
ͨͦ ͒͊ͤͤ·ͣ ͦ͋ ͙ͻ 
͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύͻ



˽͔͔ͪͤͦͫ ͦ͋ͯ;͔͙ͤΎ όtransfer learning),
͔ͨͪ͒ͦ͋ͯ;͔͙͔͔͙ͤͣͦ͒͡ ͍͔͙ͭͦͪ͊͘͟ͼ͙͙

26

ᾀ Ὢὼȟύ τ͔ͣͦ͒͡Έ ͍͔͙ͭͦͪ͊͘͟ͼ͙͙Σ ͙͍͔ͯͤͪͫ͊͡Έͤ͊Ύ ͒͡Ύ ͎͙ͣͤͦͻ ͊͒͊͘;

ώ Ὣᾀȟύᴂτ;͊ͫͭΈ ͔͙ͣͦ͒͡Σ ͔ͫͨͼ͙ͺ͙;ͤ͊Ύ ͒͡Ύ ͍͔͚ͫͦ ͊͒͊͘;͙

ÍÉÎ
ȟ
ȡВ ,ÏÓÓὫ Ὢὼȟύȟύᴂτͦ͋ͯ;͔͙͔ͤ ͨͦ ͋ͦ͡Έ΄͙ͣ ͒͊ͤͤ·ͣ

ÍÉÎȡВ ,ÏÓÓὫ Ὢὼȟύȟύᴂτͦ͋ͯ;͔͙͔ͤ ͨͦ ͍͙ͫͦͣ ͒͊ͤͤ·ͣ

SinnoJialinPan, QiangYang. A Survey on Transfer Learning. 2009



˿͊ͣͦͫͭͦΎ͔ͭ͡Έ͔ͤͦ ͦ͋ͯ;͔͙͔ͤ όself-supervised) 

27

ὼτ͙͔͙͔ͦ͋ͪ͊͗ͤ͘

ᾀ Ὢὼȟύ τ͔ͣͦ͒͡Έ ͍͔͙ͭͦͪ͊͘͟ͼ͙͙Σ ͦ͋ͯ;͔͊ͭͫΎ ͔ͨͪ͒ͫ͊͘͟·͍͊ͭΈ 
͍͙͔͊ͣͤͦ͘ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ͨ͊ͪ ͺ͎͔͍ͪ͊ͣͤͭͦ ͎ͦ͒ͤͦͦ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ

˽͔͙ͪͣͯ΅͔͍ͫͭͦΥ
͔ͫͭΈ ͍·ͯ;͙͍͔͊ͭ ͍͔ͭͦͪͤ͟·͔ 
͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύͦ͋Ά͔͍ͭͦ͟ 
͔͋͘ ͔ͪ͊ͣ͘;͔͚ͤͤͦ 
ͦ͋ͯ;͊Ό΅͔͚ ͍·͙͋ͦͪ͟



˸͎ͤͦͦ͊͒͊͘;͔ͤͦ ͦ͋ͯ;͔͙͔ͤ όmulti-task learning) 

28

ᾀ Ὢὼȟύ ςͣ ͔ͦ͒͡Έ ͍͔͙ͭͦͪ͊͘͟ͼ͙͙Σ ͙͍͔ͯͤͪͫ͊͡Έͤ͊Ύ ͒͡Ύ ͍͔ͫͻ ͊͒͊͘;

ώ Ὣ ᾀȟύ ς;͊ͫͭΈ ͔͙ͣͦ͒͡Σ ͔ͫͨͼ͙ͺ͙;ͤ͊Ύ ͒͡Ύ t-͚͘ ͊͒͊;͙ 

ÍÉÎ
ȟ
ȡВВ ,ÏÓÓὫ Ὢὼȟύȟύ ςͦ ͋ͯ;͔͙͔ͤ ͨͦ ͍͔ͫͣ ͊͒͊͘;͊ͣ

few-shot learning ςͦ ͋ͯ;͔͙͔ͤ 
ͨͦ ͣ͊ͦͣͯ͡ ;͙ͫͯ͡ ͙͔͍ͨͪͣͪͦ

M.Crawshaw. Multi-task learning with deep 
neural networks: asurvey. 2020

Y.Wanget al.Generalizing from afew examples: 
a survey on few-shot learning. 2020



˹͔͚ͪͦͤͤ·͔ ͔͙ͫͭ ͒͡Ύ ͙͔ͫͤͭ͊͘ ͦ͋Ά͔͍ͭͦ͟ 

ˤͻͦ͒Υͫͦ͗ͤͦ͡ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·͔ ͦ͋Ά͔ͭ͟·

ˤ·ͻͦ͒Υͫͦ͗ͤͦ͡ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·͔ ͍͔ͦͭͭ·

˽͙͔ͪͣͪ·Υ͙͔ͫͤͭ͘ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘Σ ͔͔ͨͪͤͦͫ ͙ͫͭ͡ΎΣ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ ͔ͪ;͙Σ 
ͣ͊΄͙ͤͤ·͚ ͔͔͍ͨͪͦ͒Σ ͙ͫͯͣͣ͊ͪ͊͘ͼ͙Ύ͔͍ͭͫͭͦ͟Σ ͙͎͒͊ͦ͡ ͫ ͨͦ͡Έ͍͔͔ͦ͊ͭͣ͘͡

˸͔͙ͦ͒͡Υseq2seq, CNN, RNN, LSTM, GAN, BERT, GPT͙ ͒ͪΦ
29

ͦ͋ͯ;͊Ό΅͙͔ 
ͦ͋Ά͔ͭ͟·

(train)

͙͙ͨͪͤ͊͘͟ ͍͔ͦͭͭ·ζͫ·ͪ·͔ ͒͊ͤͤ·͔η



˥͔͔͙͍ͤͪ͊ͭͤ͊Ύ ͫͦͫͭΎ͔͊ͭ͘͡Έͤ͊Ύ ͔ͫͭΈ όDAN)

30

ὼ Ὣᾀȟύ τ͔ͣͦ͒͡Έ ͎͔͔ͤͪ͊ͼ͙͙ ͔͙͙ͪ͊ͫͭ͡;͎ͤͦͦ ͦ͋Ά͔ͭ͟· ὼ͙ ͘ ΄ͯͣ͊ ᾀ

Ὢὼȟύᴂτ͔ͣͦ͒͡Έ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ὼζ͔ͪ͊͡Έͤ·͚κ͎͔͔͙͍ͫͤͪͪͦ͊ͤͤ·͚η

ÍÉÎÍÁØВ ÌÎὪὼȟύᴂҌÌÎρ ὪὫᾀȟύȟύᴂ τ͍͔͔ͫͦͣͫͭͤͦ ͦ͋ͯ;͔͙͔ͤ

Antonia Creswell et al. Generative 
Adversarial Networks: an overview. 2017.

ZhengweiWang et al. Generative 
Adversarial Networks: asurvey and 
taxonomy. 2019.

Chris Nicholson.A Beginner's Guide to 
Generative Adversarial Networks. 2019.



˿͙͔ͤͭ͘ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ ͙ ͍͙͔͒ͦ

31Caroline Chan, ShiryGinosar, TinghuiZhou, Alexei A. Efros. Everybody Dance Now. ICCV-2019.



˿͔͙͔ͦ͒ͪ͗͊ͤ

1. ˭͊͒͊;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˽ ͔ͪ͒·͙ͫͭͦͪΎ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Ǻ ͔͙͎͙ͪͣͤͦͦ͡Ύ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˽ ͙͔ͪͣͪ· ͊͒͊͘; ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ

2. ˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˹ ͔͚ͪͦͤͤ·͔ ͔͙ͫͭ ͙ ͎͔ͯ͋ͦͦ͟͡ ͦ͋ͯ;͔͙͔ͤ
Å˻ ͙͙ͨͭͣ͊͘ͼ͙ͦͤͤ·͔ ͊͒͊͘;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ
Å˭ ͊͒͊;͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͫ ͍͔͙ͭͦͪ͊͘͟ͼ͙͔͚ ͦ͋Ά͔͍ͭͦ͟

3. ˣͦ͡Έ΄͙͔ Ύ͘·͍ͦ͟·͔ ͔͙ͣͦ͒͡
Å˸ ͔͙ͦ͒͡ ͍͙͙ͤͣ͊ͤΎ ͙ ͭͪ͊ͤͫͺ͔ͦͪͣͪ·Σ Ή͔͔ͣͪ͒͗ͤͭͤͦͫͭΈ
Å˻  ͔ͭͫͭͦ͟-͎ͪ͊ͺ͙;͔ͫͦͣ͟ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡ ͙͚ͤ͊ͤ͘ 
Å˸ ͙ͺ· ͦ͋ ͙͍͔ͫͯͫͫͭͤͤͦͣ͟ ͙͔͔͔ͤͭͭ͟͡͡

32



͍̏ͦ͡Όͼ͙Ύ ͨͦ͒ͻ͍ͦ͒ͦ ͍ ͔ͦ͋ͪ͊͋ͦͭ͟ ͔͍ͭͫͭͦ͟

˨͔͙ͦͣͨͦ͘͟ͼ͙Ύ ͊͒͊͘; ͨͦ ͍ͯͪͦͤΎͣ ζ͙͙ͨͪ͊ͣ͒· b[tη
Å ͣͦͪͺ͎͙ͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Σ ͔͙ͣͣ͊ͭ͊͘͡ͼ͙ΎΣ ͔ͦͨ;͙͊ͭ͟ΣΧ

Å ͙͙ͫͤͭ͊ͫ͟;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Σ ͍·͔͔͙͔͒ͤ͡ ͔͙͍ͭͪͣͤͦΣ b9wΣΧ

Å ͔͙ͫͣ͊ͤͭ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Σ ͍·͔͔͙͔͒ͤ͡ ͺ͍͊ͭͦ͟Σ ͔ͭͣΣΧ

˸͔͙ͦ͒͡ ͍͔͙ͭͦͪ͊͘͟ͼ͙͙ ͍ͫͦ͡ όΉ͔͙͎͍ͣ͋͒ͤͦ)
Å ͔͙ͣͦ͒͡ ͙͙͙͍͚͒ͫͭͪ͋ͯͭͤͦ ͔͙͙ͫͣ͊ͤͭ͟Υ 

word2vec [Mikolov, 2013], FastText[Bojanowski, 2016],Χ

Å ͔͙ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͙ͣͦ͒͡ [5! ώBlei, 2003], ARTM [2014],Χ

˹͔͚͔͔͍ͪͦͫͭ·͔͔͙ͣͦ͒͡ ͔͚ͦͤͭͫͭͤͦ͟͟ ͍͔͙ͭͦͪ͊͘͟ͼ͙͙
Å ͔͔ͪͯͪͪͤͭͤ͟·͔ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭΥ LSTM, GRU,Χ

Å ζend-to-endη ͔͙ͣͦ͒͡ ͍͙͙ͤͣ͊ͤΎ ͙ ͭͪ͊ͤͫͺ͔ͦͪͣͪ·Υ

ͣ͊΄͙ͤͤ·͚ ͔͔͍ͨͪͦ͒ [2017], BERT [2018],  GPT-4 [2023],Χ
33



˻͋ͯ;͔͙͔ͤ ͔͚ͦͤͭͫͭͤͦ͟͟ ͍͔͙ͭͦͪ͊͘͟ͼ͙͙ ͍ͫͦ͡

34

ὼτ͍ͫͦͦ͡ ͤ͊ Ὥ-͚ ͙ͨͦ͘ͼ͙͙ ͍ ͔ͦ͟͟͡͡ͼ͙͙ ͔͍ͭͫͭͦ͟·ͻ ͔͍͒ͦͯͣͤͭͦ͟ 

ᾀ Ὢὼȟὅȟύ τ͔ͣͦ͒͡Έ ͍͔͙ͭͦͪ͊͘͟ͼ͙͙ ͍ͫͦ͊͡ ὼͨͦ ͔ͦͤͭͫͭͯ͟͟ὅ

ὴὼȿὭȟᾀȟύᴂτ͍͔ͪͦΎͭͤͦͫͭͤ͊Ύ ͔ͣͦ͒͡Έ ͔͙ͨͪ͒ͫ͊͊ͤ͘͟Ύ ͍ͫͦ͊͡ ͨͦ ͍͔ͭͦͪͯ͟ ᾀ

,ÏÓÓὼȟύ ÌÎὴὼȿὭȟὪὼȟὅȟύȟύᴂτ͔ͨͦͭͪΎ ͦͭ ͔͙ͨͪ͒ͫ͊͊ͤ͘͟Ύ 
͍ͫͦ͊͡ ͍ Ὥ-͚ ͙ͨͦ͘ͼ͙͙ ͨͦ ͔͎ͦ ͔ͦͤͭͫͭͯ͟͟(Masked Language Model)

Vaswani et al. (Google) Attention is all you need. 2017.

Jacob Devlin et al. (Google AI Language)
BERT: pre-training of deep bidirectional transformers 
for language understanding. 2019.



˸͔͙ͦ͒͡ ͍͙͙ͤͣ͊ͤΎ:ͣ͊΄͙ͤͤ·͚ ͔͔͍ͨͪͦ͒

35

ˮ͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ͔͔͚ͣͦ͒͡ ͍͙͙ͤͣ͊ͤΎΥ͙ͣ͊ͭͪͼ͊ ͔͙ͫͣ͊ͤͭ;͔͎ͫͦͦ͟ 
ͫͻ͍ͦ͒ͫͭ͊A[t,i]ͨͦ͊͘͟·͍͔͊ͭΣͤ͊ ͙͔͊͟͟ ͍ͫͦ͊͡ Ȅ[i]͍ͻ͎ͦ͒ͤͦͦ ͔ͭͫͭ͊͟ 
͔ͣͦ͒͡Έ ͦ͋ͪ͊΅͔͊ͭ ͍͙͙͔ͤͣ͊ͤΣ ͎ͦ͒͊͟ ͎͔͔͙͔ͤͪͪͯͭ ͍ͫͦͦ͡ ͔͔͍ͨͪͦ͒͊ ȅ[t]

Bahdanauet al.Neural machine translation by jointly learning to align and translate. 2015



˸͔͙ͦ͒͡ ͍͙͙ͤͣ͊ͤΎΥ ͙͍͙͔͊ͤͤͦͭͪͦ͊ͤ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘

36

ˮ͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ:ͤ͊ ͙͔͊͟͟ ͙ͦ͋͊ͫͭ͡ ͔ͣͦ͒͡Έ ͦ͋ͪ͊΅͔͊ͭ ͍͙͙͔ͤͣ͊ͤΣ 
͎͔͔͙ͤͪͪͯΎ ͨͦ͒;͖͔ͪͤͯͭͦ͟ ͍ͫͦͦ͡ ͍ ͙͙͙ͦͨͫ͊ͤ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ

Kelvin Xu et al.Show, attend and tell: neural image caption generation with visual attention. 2016



́ͪ͊ͤͫͺ͔ͦͪͣͪ·Υ ͔͚͔͔͍ͤͪͦͫͭ·͔͔͙ͣͦ͒͡ Ύ͘·͊͟

37

Å˻͋ͯ;͊ΌͭͫΎ ͍͔͙͍ͭͦͪͦ͊ͭ͘͟Έ ͙ ͔ͨͪ͒ͫ͊͘͟·͍͊ͭΈ ͍ͫͦ͊͡ ͨͦ ͔ͦͤͭͫͭͯ͟͟

Å˻͋ͯ;͊ΌͭͫΎ ͨͦ ͔͚ͭͪ͊͋͊ͭ͊ͣ ͔͍ͭͫͭͦ͟Σ ζ͙ͦͤ ͍͙͔͙͒͡ ͍ Ύ͘·͔͟ ͍͖ͫη

Å˸ͯ͡Έ͙ͭΎ͘·;ͤ·Υ ͦ͋ͯ;͊ΌͭͫΎ ͤ͊ ͔͒ͫΎͭ͊͟ͻ Ύ͘·͍ͦ͟

Å˸ͯ͡Έ͙ͭ͊͒͊͘;ͤ·Υ ͒͡Ύ ͚͊͗͒ͦ͟ ͍͚ͤͦͦ ͊͒͊͘;͙ NLP/NLU ͒ ͦͫͭ͊ͭͦ;ͤͦ 
͔ͨͪ͒ͦ͋ͯ;͔͚͔͙ͤͤͦͣͦ͒͡ ͙͙͡ ͒ͦͦ͋ͯ;͔͙ͤΎͤ͊ ͔ͤ͋ͦ͡Έ΄͚ͦ ͍·͔͋ͦͪ͟



́ͪ͊ͤͫͺ͔ͦͪͣͪ·Υ ͔͚͔͔͍ͤͪͦͫͭ·͔͔͙ͣͦ͒͡ Ύ͘·͊͟

38

˾ͦͫͭ ;͙ͫ͊͡ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͔͚͔͔͍ͤͪͦͫͭ·ͻͭͪ͊ͤͫͺ͔ͦͪͣͪͤ·ͻ͔͔͚ͣͦ͒͡ Ύ͘·͊͟



˽͔͙ͪͦ͋ͫ͟͡ ͦ͋΅͔͎ͦ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡

39

˹͍ͦ·͔ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͙ͣͦ͒͡Σ ͔ͤ ͊͊͒͘͟͡·͍͍͊΄͙͔ͫΎ ͙ͨͪ ͦ͋ͯ;͔͙͙ͤΥ

Åͦ͋ΆΎͫͤΎͭΈ ͍͙ͫͦ ͍͔ͦͭͭ·Σ ͔͔ͨͪͺ͙͍ͪ͊ͪͦ͊ͭ͘ΈΣ ͔͔͍͙ͨͪͦ͒ͭΈ ͤ͊ ͎͙͔͒ͪͯ Ύ͘·͙͟

Å͔ͪͺ͔͙͍ͪͪͦ͊ͭΈΣ ͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͨ͊ͤ͡·Σ ͫͼ͔͙͙ͤ͊ͪΣ ΄͊͋ͦͤ͡·

Å͙ͫͭͪͦͭΈ ͎͙͙͊ͤ͊ͦ͡Σ ͔ͣͤΎͭΈ ͭͦͤ͊͡ΈͤͦͫͭΈΣ ͙ͫͭ͡ΈΣ ͎͙ͯ͋ͤͯ͡ ͙͔͙ͦ͗ͤ͘͡Ύ

Å͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͎ͨͪͦͪ͊ͣͣͤ·͚ ͦ͒͟ ͤ͊ ͙ͪ͊͘͡;ͤ·ͻ Ύ͘·͊͟ͻ

Å͔ͪ΄͊ͭΈ ͔ͤͦͭͦͪ͟·͔ ͎͙ͦ͡;͔͙͔ͫ͟ ͙ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͊͒͊͘;͙

Å͙ͫ͊ͭ͟Έ ͙ ͙͍ͫͨͪ͊͡ΎͭΈ ͍͔ͫͦ͋ͫͭͤͤ·͔ ͦ΄͙͙͋͟ ͨͦ ͔ͨͦ͒ͫ͊͘͟͟



˹͍ͦ·͔ όΉ͔͔ͣͪ͒͗ͤͭͤ·͔ύ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͙ͣͦ͒͡

40

GPT-2: 14-Feb-2019

мΣр ͣͪ͒͡Φ ͔͍ͨ͊ͪ͊ͣͭͪͦΣ ͦͪͨͯͫ͟ мл ͣͪ͒͡Φ ͔͍ͭͦͤͦ͟ όплDōύΣ ͔ͦͤͭͫͭ͟͟ тсу ͍ͫͦ͡ όмΣр ͫͭͪΦύ

Åͫͨͦͫͦ͋ͤͦͫͭΈ ͙ͤ͊ͨͫ͊ͭΈ Ή͔ͫͫΣ ͔ͦͭͦͪͦ͟ ͔ͦͤͯͪͫͤͦ͟͟ ͗Ό͙ͪ 
͔ͤ ͎ͫͣͦͦ͡ ͙ͦͭ͡;͙ͭΈ ͦͭ ͙͎ͤ͊ͨͫ͊ͤͤͦͦ ;͔͍͔ͦͦͣ͟͡



˹͍ͦ·͔ όΉ͔͔ͣͪ͒͗ͤͭͤ·͔ύ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͙ͣͦ͒͡

41

GPT-3: 11-Jun-2020

мтр ͣͪ͒͡Φ ͔͍ͨ͊ͪ͊ͣͭͪͦΣ ͦͪͨͯͫ͟ рлл ͣͪ͒͡Φ ͔͍ͭͦͤͦ͟Σ ͔ͦͤͭͫͭ͟͟ мрос ͍ͫͦ͡ όо ͫͭͪΦύ

Åͫͨͦͫͦ͋ͤͦͫͭΈ ͔͒͊ͭ͡Έ ͔͔͍ͨͪͦ͒ ͤ͊ ͎͙͔͒ͪͯ Ύ͘·͙͟

Åͫͨͦͫͦ͋ͤͦͫͭΈ ͔ͪ΄͊ͭΈ ͎͙ͦ͡;͔͙͔ͫ͟ ͙ ͔͚ͨͪͦͫͭ΄͙͔ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͊͒͊͘;͙

Åͫͨͦͫͦ͋ͤͦͫͭΈ ͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͎ͨͪͦͪ͊ͣͣͤ·͚ ͦ͒͟ ͨͦ ͔͍ͭͫͭͦͦͣͯ͟ ͙͙ͦͨͫ͊ͤΌ



˹͍ͦ·͔ όΉ͔͔ͣͪ͒͗ͤͭͤ·͔ύ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͙ͣͦ͒͡

42

GPT-4: 14-Mar-2023

>1 ͭ ͪΦ͡ ͔͍ͨ͊ͪ͊ͣͭͪͦΣ ͦͪͨͯͫ͟ Ҕм¢ōΣ ͔ͦͤͭͫͭ͟͟ нп ллл ͍ͫͦ͡ όпу ͙ͫͭͪ͊ͤͼύ

Åͫͨͦͫͦ͋ͤͦͫͭΈ ͙ͦͨͫ·͍͊ͭΈ ͙ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ

Åͫͨͦͫͦ͋ͤͦͫͭΈ ͔͎͙͍ͪ͊ͪͦ͊ͭΈ ͤ͊ ͙ͨͦ͒ͫ͊͘͟͟ ͍͔ͪͦ͒ ζLet'sthink stepby stepη

Åͫͨͦͫͦ͋ͤͦͫͭΈ ͔ͪ΄͊ͭΈ ͊͟;͔͍͔ͫͭͤͤ·͔ ͺ͙͙͘;͔͙͔ͫ͟ ͊͒͊͘;͙ ͨͦ ͙͔͊ͪͭͤ͟͟



͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͔͙ͣͦ͒͡ (Foundation Models)

43R.Bommasaniet al. (CRFM, Stanford University). Onthe opportunities and risks of foundation models. 2021



ˤ͙͙ͦͣͦ͗ͤͦͫͭ͘ ͎ͯͪͦ͘·

̉͊ͭ· GPT ͯ ͔͗ ͫͨͦͫͦ͋ͤ· ͎ͨͦͣͦ͊ͭΈ ͫ ͙ͪͯͭͤͤͦ-͍ͭͦͪ;͔͚ͫͦ͟ ͚ͪ͊͋ͦͭͦΥ

Å͎ ͔͔͙͍ͤͪͪͦ͊ͭΈ ͔͒ͦͯͣͤͭ͟· ͙͙͡ ͚ͫ͊ͭ· ͨͦ ͔ͭͻ͙ͤ;͔ͫͦͣͯ͟ ͙͊͒͊ͤ͘Ό

Å͍  ͭͦͣ ;͙͔ͫ͡ ͔͙ͣ͒ͼ͙͙͔ͤͫ͟Σ Ό͙͙ͪ͒;͔͙͔ͫ͟ ͔͒ͦͯͣͤͭ͟· ͨͦ ΄͊͋ͦͤ͊ͣ͡

Å͙ ͫ͊ͭ͟Έ ͙ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͭ͟Έ ͨͪͦͺ͔͙ͫͫͦͤ͊͡ΈͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό

Å͒ ͔͊ͭ͡Έ ͦ͋ͦͪ͘·Σ ͔ͪͺ͔ͪ͊ͭ·Σ ͍͙ͫͦ͒͟ ͤ͊ ͪ͊ͤ͘·ͻ Ύ͘·͊͟ͻ

Å͎ ͔͔͙͍ͤͪͪͦ͊ͭΈ ͎ͨͪͦͪ͊ͣͣͤ·͚ ͦ͒͟ ͨͦ ͙͙ͦͨͫ͊ͤΌ

Åͦ ͋ͫͯ͗͒͊ͭΈ ͍͙ͤͦͦͫͭΣ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͎͍ͪ͊ͦͦͪ͘ ͨͦ ͔͔ͭͣ

Åͪ ͎͍͙͍͊ͦ͊ͪ͊ͭ͘Έ ͫ ͔͒ͭΈ͙ͣ ͫ ͯ;͖ͭͦͣ ͍ͦͪ͊ͫͭͤ͘·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ

Å͍ ·ͨͦͤ͡ΎͭΈ ͺͯͤ͟ͼ͙͙ ͍͙͔ͦͫͨͭ͊ͭ͡ΎΣ ͯ;͙͔ͭ͡ΎΣ ͍͙ͤ͊ͫͭ͊ͤ͊͟

Åͦ ͊͘͟·͍͊ͭΈ ͙ͨͫͻ͎͙ͦͦ͡;͔ͫͯ͟Ό ͨͦͣͦ΅Έ
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ˤ͙ͦͣͦ͗ͤͦͫͭ͘ ͙ ͎ͯͪͦ͘·

̉͊ͭ· GPT ͫ ͨͦͫͦ͋ͤ· ό͔͔͔͔ͤͨͪ͒ͤ͊ͣͪͤͤͦΣ ͔ͤ ͦ͋͊͒͊͡Ύ ͍͊ͭͦͤͦͣͤͦͫͭΈΌύΥ

Åζ͎͊͡͡Όͼ͙͙ͤͪͯΎηΣ ͍͒͊͊ͭΈ ͔͍͔ͤͪͤ·͔ ͍͔͔͙ͫ͒ͤΎΣ ͊ͫ͊͟Ό΅͙͔ͫΎ 
͍͒ͦͪͦ͘ΈΎ ;͔͍͔ͦ͊͟͡Σ ͍͊ͦͤͦ͘͟Σ ͫͦ͋·͙͚ͭΣ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͎͙͒ͪͯͻ ͡Ό͔͚͒

Å͍ ·͘·͍͊ͭΈ ͔͍͔ͤͦ͋ͦͫͤͦ͊ͤͤͦ ͍͔͙͔͒ͦͪ ͙ ͙͙͍ͣ͊ͤͨͯͪͦ͊ͭ͡Έ ;͔͍͔ͦͦͣ͟͡

Åͨ ͔͔͔ͪͯ͋͗͒͊ͭΈΣ ͨͦ͋ͯ͗͒͊ͭΈ ;͔͍͔ͦ͊͟͡ ͟ ͔͚͍͙͒ͫͭΎͣΣ ͔ͤ ͍·͎ͦ͒ͤ·ͣ ͔ͣͯ

Åͨ ͔͙͍ͦ͒͒ͪ͗͊ͭΈ ͔͙ͨͪ͒ͪ͊ͫͫͯ͒͟ ͙ ͔͗ͤ͊ͯ͡;ͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ

Åͨ ͔͙͍ͦ͒͒ͪ͗͊ͭΈ ͎͙͙͔ͨͪͦͨ͊͊ͤ͒ͫͭͫ͟ ͔͙ͣ͒͊-͙͙͊ͣͨ͊ͤ͟

Åͤ ͔͙͔ͦͤͭͪͦͪͯͣͦ͟͡ ͍͙͡ΎͭΈ ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͍͔͙ͣͪͦͦͪͤ͘͘Ύ ͯ ͍ͨͦ͒ͪͦͫͭͦ͟

Åͦ ͊͘͟·͍͊ͭΈ ͔͔͙͍͔͒ͨͪͫͫͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͙ͨͫͻ͙ͯ͟
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˽͔͔͙͍ͪͫͨͭ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ˮˮ 
;͔͔ͪ͘ ͋ͦ͡Έ΄͙͔ Ύ͘·͍ͦ͟·͔ ͔͙ͣͦ͒͡

Å̂ ͔͙͔ͫͭͪ͊ͤͤ ͦ΄͙͙͋ͦ͟ ͎͊͡͡Όͼ͙ͤ͊ͼ͙͚Σ ͍·͍͙͍͙͔ͪ͊ͤ͊ͤ όalignment) 

Åˮ ͔͎ͤͭͪ͊ͼ͙Ύ ͫ ͙ͨͦͫͦͣ͟ ͍ ͖ͤ͊͒͗ͤ·ͻ ͙ͫͭͦ;͙ͤ͊͟ͻΣ ͍͔͚ͨͪͦͪͦ͟ ͺ͍͊ͭͦ͟

Åˮ ͔͎ͤͭͪ͊ͼ͙Ύ ͫ ͔͍ͦͭͪ͊ͫ͡·͙ͣ ͔ͪ΄͔͊ͭ͡Ύ͙ͣ

Å˸ ͯ͡Έ͙ͭͣͦ͒͊͡Έͤ·͔ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͔͙ͣͦ͒͡ (foundation models)

Å˹ ͍͊·͙͟ ͎͙ͦ͡;͔͙ͫ͟ͻ ͔͙͚ͪ͊ͫͫͯ͗͒ͤ ό͔ͪ΄͔͙͔ͤ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͊͒͊͘;ύ

Ǻ ͔ͫͭͦ͟-͎ͪ͊ͺ͙;͔͔ͫͦ͟ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͙͚ͤ͊ͤ͘ όͦͭ mind-map͟ ͊ͪͭ͊ͣ͟ ͙͚ͤ͊ͤ͘)

Å˿ ͙ͦͪ͊ͭ͟;͔͙͔ͫ͟ ͔͙ͣͦ͒͡Υ͔ͤͫͦ͟͡Έ͔ͦͨͪ͒͟-ͦ͋ͯ;͔ͤͤ·ͻ LLM 
͎͍͙͍͒ͦͦ͊ͪ͊ΌͭͫΎ ͤ͊ ;͔͍͔ͦ͡;͔ͫͦͣ͟ Ύ͘·͔͟ ͦ ͍·͔͙͙ͨͦͤͤ͡ ͍ͤͦ·ͻ 
ͣͯ͡Έ͙ͭͣͦ͒͊͡Έͤ·ͻ ͊͒͊͘; ͍ ͔͚ͤͤ͊ͦͣͦ͘͟ ͔͔ͫͪ͒ όͦͭ ML ͟  ͙ͨͦ͒ͤͤͦͣͯ͡ AI).

R.Bommasaniet al. (CRFM, Stanford University). Onthe opportunities and risks of foundation models. 2021
A.Zenget al. (Google)Socratic models: composing zero-shotmultimodal reasoning with language. 2022 46



˽͔͔͙͍ͪͫͨͭͤ͊͟Ύ ͊͒͊͘;͊ ͍͙͙ͪ͊ͭ͘Ύ ˮˮΥ 
ͯͫͭͪ͊ͤΎͭΈ ͋͊ͪΈ͔ͪ· ͔ͣ͗͒ͯ ;͔͍͔ͦͦͣ͟͡ ͙ ͙͔ͤ͊ͤͣ͘
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˽͔͔͙͍ͪͫͨͭͤ͊͟Ύ ͊͒͊͘;͊ ͍͙͙ͪ͊ͭ͘Ύ ˮˮΥ 
ͯͫͭͪ͊ͤΎͭΈ ͋͊ͪΈ͔ͪ· ͔ͣ͗͒ͯ ;͔͍͔ͦͦͣ͟͡ ͙ ͙͔ͤ͊ͤͣ͘
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