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• 김상훈 (Sanghoon Kim)

 고려대학교 산업경영공학과

 Data Mining & Quality Analytics Lab. (김성범 교수님)

 Ph.D. Student (2019.09 ~ Present) 

• Research Interest

 Machine learning / Deep learning Algorithms

 Open Set Recognition / Curriculum Learning

• Contact

 E-mail : dawonksh@korea.ac.kr
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁
�
𝑖𝑖=1

𝑁𝑁

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑀𝑀
�
𝑖𝑖=1

𝑀𝑀

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑀𝑀
�
𝑖𝑖=1

𝑀𝑀

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃



7

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑀𝑀
�
𝑖𝑖=1

𝑀𝑀

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑀𝑀
�
𝑖𝑖=1

𝑀𝑀

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑀𝑀
�
𝑖𝑖=1

𝑀𝑀

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑀𝑀
�
𝑖𝑖=1

𝑀𝑀

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃
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= 𝑷𝑷 𝒛𝒛



12

𝑄𝑄𝜆𝜆 ∝ 𝑊𝑊𝜆𝜆 𝑧𝑧 𝑃𝑃 𝑧𝑧 ∀𝑧𝑧

𝑄𝑄1 = 𝑃𝑃 𝑧𝑧 ∀𝑧𝑧

0 ≤ 𝜆𝜆 ≤ 1
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𝝀𝝀
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁
�
𝑖𝑖=1

𝑁𝑁

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃

𝐿𝐿1(𝜃𝜃)
𝐿𝐿2(𝜃𝜃)

𝐿𝐿3(𝜃𝜃) 𝐿𝐿4(𝜃𝜃)

𝐿𝐿5(𝜃𝜃)

𝐿𝐿6(𝜃𝜃)
𝐿𝐿7(𝜃𝜃)

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁�

𝑖𝑖=1

𝑁𝑁

𝐿𝐿𝑖𝑖 𝜃𝜃 =
1
7 {𝐿𝐿1(𝜃𝜃) + 𝐿𝐿2(𝜃𝜃) + ⋯+ 𝐿𝐿7(𝜃𝜃)}
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁
�
𝑖𝑖=1

𝑁𝑁

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃

𝐿𝐿1(𝜃𝜃)
𝐿𝐿2(𝜃𝜃)

𝐿𝐿3(𝜃𝜃) 𝐿𝐿4(𝜃𝜃)

𝐿𝐿5(𝜃𝜃)

𝐿𝐿6(𝜃𝜃)
𝐿𝐿7(𝜃𝜃)

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁�

𝑖𝑖=1

𝑁𝑁

𝐿𝐿𝑖𝑖 𝜃𝜃 =
1
4 {𝐿𝐿3(𝜃𝜃) + 𝐿𝐿4(𝜃𝜃) + ⋯+ 𝐿𝐿6(𝜃𝜃)}

𝑳𝑳𝒊𝒊(𝜽𝜽) <
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁
�
𝑖𝑖=1

𝑁𝑁

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃

𝐿𝐿1(𝜃𝜃)
𝐿𝐿2(𝜃𝜃)

𝐿𝐿3(𝜃𝜃) 𝐿𝐿4(𝜃𝜃)

𝐿𝐿5(𝜃𝜃)

𝐿𝐿6(𝜃𝜃)
𝐿𝐿7(𝜃𝜃)

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁�

𝑖𝑖=1

𝑁𝑁

𝐿𝐿𝑖𝑖 𝜃𝜃 =
1
6 {𝐿𝐿1 𝜃𝜃 + 𝐿𝐿2 𝜃𝜃 + 𝐿𝐿3(𝜃𝜃) + ⋯+ 𝐿𝐿6(𝜃𝜃)}

𝑳𝑳𝒊𝒊(𝜽𝜽) < ↑
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁�

𝑖𝑖=1

𝑁𝑁

𝐿𝐿𝑖𝑖 𝜃𝜃 + 𝑟𝑟 𝜃𝜃

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁 �

𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖𝐿𝐿𝑖𝑖 𝜃𝜃 − 𝜆𝜆�
𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖 + 𝑟𝑟 𝜃𝜃
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁 �

𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖𝐿𝐿𝑖𝑖 𝜃𝜃 − 𝜆𝜆�
𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖 + 𝑟𝑟 𝜃𝜃

=
1
𝑁𝑁 �

𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖{𝐿𝐿𝑖𝑖 𝜃𝜃 − 𝜆𝜆} + 𝑟𝑟 𝜃𝜃

�𝐿𝐿𝑖𝑖 𝜃𝜃 ≥ 𝜆𝜆 → 𝑣𝑣𝑖𝑖 = 0
𝐿𝐿𝑖𝑖 𝜃𝜃 < 𝜆𝜆 → 𝑣𝑣𝑖𝑖 = 1

(𝑣𝑣𝑖𝑖= 0 𝑜𝑜𝑜𝑜 1)
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=
1
7

0 × 𝐿𝐿1 𝜃𝜃 + 0 × 𝐿𝐿2 𝜃𝜃 + 𝐿𝐿3 𝜃𝜃 + 𝐿𝐿4 𝜃𝜃 + 𝐿𝐿5 𝜃𝜃 + 𝐿𝐿6 𝜃𝜃 + 0 × 𝐿𝐿7 𝜃𝜃 − 4𝜆𝜆 + 𝑟𝑟 𝜃𝜃

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁

�
𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖𝐿𝐿𝑖𝑖 𝜃𝜃 − 𝜆𝜆�
𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖 + 𝑟𝑟 𝜃𝜃
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁

�
𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖𝐿𝐿𝑖𝑖 𝜃𝜃 − 𝜆𝜆�
𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖 + 𝑟𝑟 𝜃𝜃

=
1
7

𝐿𝐿1 𝜃𝜃 + 0 × 𝐿𝐿2 𝜃𝜃 + 𝐿𝐿3 𝜃𝜃 + 𝐿𝐿4 𝜃𝜃 + 𝐿𝐿5 𝜃𝜃 + 𝐿𝐿6 𝜃𝜃 + 𝐿𝐿7 𝜃𝜃 − 6𝜆𝜆 + 𝑟𝑟 𝜃𝜃
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁

�
𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖𝐿𝐿𝑖𝑖 𝜃𝜃 − 𝝀𝝀�
𝒊𝒊=𝟏𝟏

𝑵𝑵

𝒗𝒗𝒊𝒊 + 𝑟𝑟 𝜃𝜃

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁�

𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖𝐿𝐿𝑖𝑖 𝜃𝜃 + 𝑓𝑓(𝑣𝑣; 𝜆𝜆) + 𝑟𝑟 𝜃𝜃
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𝑓𝑓 𝑣𝑣; 𝜆𝜆 = −𝜆𝜆�
𝑖𝑖=1

𝑁𝑁

𝑣𝑣𝑖𝑖 ,

𝑓𝑓 𝑣𝑣; 𝜆𝜆 =
1
2 𝜆𝜆�

𝑖𝑖=1

𝑁𝑁

(𝑣𝑣𝑖𝑖2 − 2𝑣𝑣𝑖𝑖) ,

𝑓𝑓 𝑣𝑣; 𝜆𝜆 = �
𝑖𝑖=1

𝑁𝑁

𝜁𝜁𝑣𝑣𝑖𝑖 −
𝜁𝜁𝑣𝑣𝑖𝑖
𝑙𝑙𝑙𝑙𝑙𝑙𝜁𝜁 ,

𝑓𝑓 𝑣𝑣; 𝜆𝜆 = −𝜁𝜁�
𝑖𝑖=1

𝑁𝑁

log(𝑣𝑣𝑖𝑖 +
1
𝜆𝜆1
𝜁𝜁),

𝜁𝜁 = 1 − 𝜆𝜆, 0 < 𝜆𝜆 < 1

0 < 𝜆𝜆

𝜁𝜁 =
𝜆𝜆1𝜆𝜆2
𝜆𝜆1 − 𝜆𝜆2

, 0 < 𝜆𝜆2 < 𝜆𝜆1

0 < 𝜆𝜆 𝒗𝒗𝒊𝒊 = 𝟎𝟎 𝒐𝒐𝒐𝒐 𝟏𝟏

𝒗𝒗𝒊𝒊
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𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 = 1
𝑁𝑁
∑𝑖𝑖=1𝑁𝑁 𝑣𝑣𝑖𝑖𝐿𝐿𝑖𝑖 𝜃𝜃 + ∑𝑖𝑖=1𝑁𝑁 𝜁𝜁𝑣𝑣𝑖𝑖 −

𝜁𝜁𝑣𝑣𝑖𝑖
𝑙𝑙𝑙𝑙𝑙𝑙𝜁𝜁

+ 𝑟𝑟 𝜃𝜃 ,

𝜕𝜕𝐿𝐿 𝜃𝜃
𝜕𝜕𝑣𝑣𝑖𝑖

= 𝐿𝐿𝑖𝑖 𝜃𝜃 + 𝜁𝜁 − 𝜁𝜁𝑣𝑣𝑖𝑖 = 0,

𝑣𝑣𝑖𝑖∗ = �
1

𝑙𝑙𝑙𝑙𝑙𝑙𝜁𝜁
log 𝐿𝐿𝑖𝑖 𝜃𝜃 + 𝜁𝜁 ,

0,

𝜁𝜁 = 1 − 𝜆𝜆, 0 < 𝜆𝜆 < 1

log 𝐿𝐿𝑖𝑖 𝜃𝜃 + 𝜁𝜁 = 𝑣𝑣𝑖𝑖𝑙𝑙𝑙𝑙𝑙𝑙𝜁𝜁.

𝐿𝐿𝑖𝑖 𝜃𝜃 < 𝜆𝜆

𝐿𝐿𝑖𝑖 𝜃𝜃 ≥ 𝜆𝜆
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𝑣𝑣𝑖𝑖∗ = �
1

𝑙𝑙𝑙𝑙𝑙𝑙𝜁𝜁
log 𝐿𝐿𝑖𝑖 𝜃𝜃 + 𝜁𝜁 ,

0,

𝐿𝐿𝑖𝑖 𝜃𝜃 < 𝜆𝜆

𝐿𝐿𝑖𝑖 𝜃𝜃 ≥ 𝜆𝜆

𝜆𝜆

𝑳𝑳𝒊𝒊 𝜽𝜽

(𝜁𝜁 = 1 − 𝜆𝜆, 0 < 𝜆𝜆 < 1)

𝒚𝒚 = 𝒍𝒍𝒍𝒍𝒍𝒍

𝑙𝑙𝑙𝑙𝑙𝑙𝜁𝜁 log 𝐿𝐿𝑖𝑖 𝜃𝜃 + 𝜁𝜁
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γ:𝑋𝑋 → 1,2, … ,𝑁𝑁 ,



31



32

𝐿𝐿𝑖𝑖 𝜃𝜃

𝐿𝐿𝑖𝑖 𝜃𝜃

𝐿𝐿𝑖𝑖 𝜃𝜃
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𝐿𝐿𝑖𝑖 𝜃𝜃

𝐿𝐿𝑖𝑖 𝜃𝜃
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𝐿𝐿𝑖𝑖 𝜃𝜃

𝐿𝐿𝑖𝑖 𝜃𝜃
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𝑣𝑣𝑖𝑖~𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵(𝑝𝑝)

StudentNet

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐿𝐿 𝜃𝜃 =
1
𝑁𝑁
�
𝑖𝑖=1

𝑁𝑁

𝐿𝐿𝑖𝑖(𝜃𝜃)

𝜃𝜃𝑘𝑘+1 = 𝜃𝜃𝑘𝑘 − 𝜂𝜂∇𝐿𝐿 𝜃𝜃
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𝑣𝑣𝑖𝑖~𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵(𝑝𝑝)
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𝑣𝑣𝑖𝑖~𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵(𝑝𝑝)

𝑣𝑣𝑖𝑖∗
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