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ѽҙҐґқҒҌҘҔґ

ÅѴҌҐҌҢҔ# қґңҌґҗҦґ ҚқҔ ҚҙҗҙҤҔ җҌңҔҘҘҙҏҙ ҙҍҞҢґҘҔҪ

ÅѭҖҏҙқҔҝҗҦ җҌңҔҘҘҙҏҙ ҙҍҞҢґҘҔҪ

ÅѺҚҔҜҌҘҔґ

ÅѸґҝқҔҕҔ ҕҌҢґҜҝҎҌ

ÅѻқҌҕҝҔҕҌ



ѯҎґҐґҘҔґ Ҏ җҌңҔҘҘҙґ ҙҍҞҢґҘҔґ

҃ҝҙ ҝҌҕҙґ җҌңҔҘҘҙґ ҙҍҞҢґҘҔґ%

ŕѸҌңҔҘҘҙґ ҙҍҞҢґҘҔґ ÝҨҝҙ ҚқҙҡґҜҜ# Ҏ қґғҞҖҧҝҌҝґ 
ҕҙҝҙқҙҏҙ җҌңҔҘҌ ßҕҙҗҚҧҩҝґқà ҜҚҙҜҙҍҘҌ ҚҙҕҌғҦҎҌҝҧ 
ҚҙҎґҐґҘҔґ# ҕҙҝҙқҙґ Ҏ Ҙґґ Ҙґ ҍҦҖҙ ҪҎҘҙ ғҌҖҙҒґҘҙ 
(ғҌҚқҙҏқҌҗҗҔқҙҎҌҘҙà!Ŗ
ī ѭқҝҞқ ѽҌҗҞҨҖҧ# 1959

3
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ѽҚҙҜҙҍҦ җҌңҔҘҘҙҏҙ ҙҍҞҢґҘҔҪ

Å ѺҍҞҢґҘҔґ êҜ ҞҢҔҝґҖґҗë

Å ѱҖҪ ҕҌҒҐҙҏҙ ҘҌҍҖҩҐґҘҔҪ ғҌҐҌ֘ҝҜҪ ҝқґҍҞґҗҙґ қґңґҘҔґ

Å ҂ґҖҧ" ҘҌҞҢҔҝҧҜҪ ҚқґҐғҕҌғҦҎҌҝҧ ҝқґҍҞґҗҙґ қґңґҘҔґ ҐҖҪ ҘҙҎҦҠ ҘҌҍҖҩҐґҘҔ֬

Å ѺҍҞҢґҘҔґ êҍґғ ҞҢҔҝґҖҪë

Å ѱҌҘҘҦґ ҜҙҐґқҒҌҝ ҝҙҖҧҕҙ ҘҌҍҖҩҐґҘҔҪ# ҍґғ ҐҙҚҙҖҘҔҝґҖҧҘҙ֬ ҔҘҟҙқҗҌҡҔҔ

Å ҂ґҖҧ" ҎҦҪҎҔҝҧ ғҌҕҙҘҙҗґқҘҙҜҝҔ Ҏ ҔҜҠҙҐҘҦҠ ҐҌҘҘҦҠ

Å ѺҍҞҢґҘҔґ Ҝ ҚҙҐҕқґҚҖґҘҔґҗ

Å ѺҍҞҢґҘҔґ ҎґҐ֘ҝҜҪ ҚқҔ ҎғҌҔҗҙҐґ֬ҜҝҎҔҔ Ҝ Ҙґҕҙҝҙқҙ֬ ҜқґҐҙ֬! ѻқҔ ҎҙғҐґ֬ҜҝҎҔҔ ҘҌ ҜқґҐҞ 
ҜҔҜҝґҗҌ ҚҙҖҞҢҌґҝ ҙҝҕҖҔҕ

Å ҂ґҖҧ" җҌҕҜҔҗҔғҔқҙҎҌҝҧ ғҘҌҢґҘҔґ ҙҍҤґ֬ êҚқҔҍҦҖҔë
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ѹҌҍҙқҦ ҐҌҘҘҦҠ

ÅѽҙҜҝҙҪҝ Ҕғ ҙҍҥґҕҝҙҎ Ҕ ҚқҔғҘҌҕҙҎ

ÅѶҙҖҔҢґҜҝҎҙ ҙҍҥґҕҝҙҎ ҕҌҕ ҚқҌҎҔҖҙ 
ғҘҌҢҔҝґҖҧҘҙ ҍҙҖҧңґ ҕҙҖҔҢґҜҝҎҌ 
ҚқҔғҘҌҕҙҎ

ÅѱҌҘҘҦґ ҢҌҜҝҙ ҚқґҐҜҝҌҎҖґҘҦ Ҏ ҎҔҐґ 
җҌҝқҔҡ ßҝҌҍҖҔҡà"

ÅѽҝқҙҢҕҔ ÝҙҍҥґҕҝҦ; ҜҝҙҖҍҡҦ Ý
ҚқҔғҘҌҕҔ
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ѻқҔҗґқҦ ҘҌҍҙқҙҎ ҐҌҘҘҦҠ

ÅѽґҘҜҙқҘҦґ ҐҌҘҘҦґ ßҎқґҗґҘҘҦґ қҪҐҦà" ҕҌҒҐҦ֬ ҚқҔғҘҌҕ ÝҨҝҙ ҜґҘҜҙқ; 
ҕҌҒҐҦ֬ ҙҍҥґҕҝ ÝҚҙҕҌғҌҘҔҪ ҜґҘҜҙқҙҎ Ҏ ҘґҕҙҝҙқҦ֬ җҙҗґҘҝ ҎқґҗґҘҔ

ÅѵғҙҍқҌҒґҘҔҪ" ҚқҔғҘҌҕҔ ÝҨҝҙ ҚҔҕҜґҖҔ# ғҌҕҙҐҔқҙҎҌҘҘҦґ ҘґҕҙҝҙқҦҗ 
ҙҍқҌғҙҗ ßRGB, YCbCr)

ÅѸґҐҔҡҔҘҜҕҔґ ғҌҚҔҜҔ: ҙҍҥґҕҝҦ ÝҨҝҙ ҚҌҡҔґҘҝҦ; ҚқҔғҘҌҕҔ ÝқҌғҖҔҢҘҦґ 
ҚҙҕҌғҌҝґҖҔ ÝҎґҜ# ҐҌҎҖґҘҔґ# ҞқҙҎґҘҧ ҜҌҠҌқҌ Ҏ ҕқҙҎҔ,

ÅѱҙҕҞҗґҘҝҦ" ҘґҜҝқҞҕҝҞқҔқҙҎҌҘҘҦ֬ ҘҌҍҙқ ҐҌҘҘҦҠ# ҝґҕҜҝҦ
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бфѕљшяыш êд жљыєшэшюë"гшцђшѓѓыѡ
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ѻқҔҗґқҦ ғҌҐҌҢ

ÝѶҙҗҚҌҘҔҪ ҠҙҢґҝ ҙҚқґҐґҖҔҝҧ ҕҌҕҔҗ 
ҙҍқҌғҙҗ ҔғҗґҘґҘҔґ ҡґҘ ҎҖҔҪґҝ ҘҌ 
ҞқҙҎґҘҧ ҚқҙҐҌҒ

ÝѮҔҙҖҙҏ ҠҙҢґҝ ҙҚқґҐґҖҔҝҧ ҕҌҕ 
қҌғҗґқ# ҟҙқҗҌ ҝґҖҌ Ҕ ҌҘҌҝҙҗҔҪ 
ҎҖҔҪґҝ ҘҌ ҚҙҎґҐґҘҔґ ҙқҏҌҘҔғҗҌ

ѼґңґҘҔґ: ѷҔҘґ֬ҘҌҪ қґҏқґҜҜҔҪ

ѵҜҚҙҖҧғҞґҝҜҪ ҐҖҪ җҙҐґҖҔқҙҎҌҘҔҪ 
ҖҔҘґ֬ҘҦҠ# ҌҐҐҔҝҔҎҘҦҠ ғҌҎҔҜҔҗҙҜҝґ֬ 
җґҒҐҞ ҚқҔғҘҌҕҌҗҔ

ѼґҏқґҜҜҔҪ

Source: Gareth James, Daniela Witten, Trevor Hastie, Robert 
Tibshirani . (2014). An Introduction to Statistical Learning. Springer
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ѷҔҘґ֬ҘҌҪ қґҏқґҜҜҔҪ

9

ѱҌҘ Ҏґҕҝҙқ ҚқҔғҘҌҕҙҎ ὢ ὼȟὼȟȣȟὼ , 

ҘҞҒҘҙ ҚқґҐҜҕҌғҌҝҧ ҙҝҎґҝὣҚқҔ ҚҙҗҙҤҔ 
җҙҐґҖҔ:

ώ Ὤὢ ‍ ὼ‍

Ѷ ҙқҔҏҔҘҌҖҧҘҦҗ ҐҌҘҘҦҗ җҙҏҞҝ ҍҦҝҧ 
ҚқҔҗґҘґҘҦ ҘґҕҙҝҙқҦґ ҝқҌҘҜҟҙқҗҌҡҔҔ:

ὼ ὪὤȠ

ѰҐґὤ ᾀȟᾀȟȣȟᾀ ÝҙқҔҏҔҘҌҖҧҘҦґ ҐҌҘҘҦґ

Weight | Horsepower | MPG

-------- +------------ +------

1.935 | 66 | 27.3

1.513 | 113 | 30.4

5.424 | 215 | 10.4

... | ... | ...

ѻқҔғҘҌҕҔ ѺҝҎґҝ
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(n
)

ѼҌғҗґқҘҙҜҝҧ ғҌҐҌҢҔ (p)
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ҀҞҘҕҡҔҪ ҜҝҙҔҗҙҜҝҔ
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ѺҐҘҙҗґқҘҌҪ ҖҔҘґ֬ҘҌҪ қґҏқґҜҜҔҪ"
Ὤὼ ‍ ‍ὼ

ѵҐґҪ"ѯҦҍқҌҝҧ ҕҙҨҟҟҔҡҔґҘҝҦ ‍, 
‍ҝҌҕҔҗ ҙҍқҌғҙҗ# ҢҝҙҍҦ ғҘҌҢґҘҔґ 
ὬὼҍҦҖҙ ҍҖҔғҕҙҕ ώҐҖҪ 
ҘҌҍҖҩҐґҘҔ֬ Ҕғ ҝқґҘҔқҙҎҙҢҘҙ֬ 
ҎҦҍҙқҕҔ.

ѸґҝҙҐ ҘҌҔҗґҘҧңҔҠ ҕҎҌҐқҌҝҙҎ:

ÍÉÎ
ȟ

Ὤὼ ώ

ὐ
‍
π
ȟ‍

1
)

‍π ‍1



ѯҎґҐґҘҔґ Ҏ җҌңҔҘҘҙґ ҙҍҞҢґҘҔґ 11

ѸґҝҙҐ ҘҙқҗҌҖҧҘҦҠ ҞқҌҎҘґҘҔ֬

ѱҖҪ ғҌҐҌҢҔ ÍÉÎВ Ὤὼ ώ җҙҒҘҙ ҘҌ֬ҝҔ ҌҘҌҖҔҝҔҢґҜҕҙґ қґңґҘҔґ

ὐ‍ ὼ ‍ ώ

π ᵼ ╧ ◐ ╧‍ π

ѲҜҖҔ╧╧ÝҗҌҝқҔҡҌ ҚҙҖҘҙҏҙ қҌҘҏҌ,ҝҙҏҐҌ ҜҞҤґҜҝҎҞґҝ ґҐҔҘҜҝҎґҘҘҙґ 
қґңґҘҔґ"

‍ ╧╧ ╧◐

╧
ρ ὼ
ȣ ȣ
ρ ὼ

, ◐
ώ
ȣ
ώ
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бјшяьу ьуљшѓєху Яѐчшэы
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ѺҡґҘҕҌ ҕҌҢґҜҝҎҌ җҙҐґҖҔ: ѹґҐҙҙҍҞҢґҘҔґ

ѽқґҐҘґҕҎҌҐқҌҝҔҢҘҌҪ ҙңҔҍҕҌ"

-3%ὢȟώ
ρ

ὲ
ὼ ‍ ώ

ѱҖҪ ҙҡґҘҕҔ ҕҌҢґҜҝҎҌ ҚқҔҗґҘҪҩҝ ҎҌҖҔҐҌҡҔҩ: 
ҐҙҜҝҞҚҘҦ֬ ҐҖҪ ҙҍҞҢґҘҔҪ ҘҌҍҙқ ҐҌҘҘҦҠ 
қҌғҐґҖҪҩҝ ҘҌ ҙҍҞҢҌҩҤҔ֬ ҘҌҍҙқ Ҕ 
ҎҌҖҔҐҌҡҔҙҘҘҦ֬ҘҌҍҙқ!

ѻқҔғҘҌҕ ҘґҐҙҙҍҞҢґҘҔҪ"

ÁѮҙҖҧңҙґ ғҘҌҢґҘҔґ -3%ὢ ȟώ Ҕ 
-3%ὢ ȟώ .
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ѱґ֬ҜҝҎҔҪ Ҏ ҜҖҞҢҌґ ҘґҐҙҙҍҞҢґҘҔҪ

ѼҌҜңҔқҔҝҧ ҚқҙҜҝқҌҘҜҝҎҙ ҚқҔғҘҌҕҙҎ"

ÅѻҞҝ֘җ ҜҙғҐҌҘҔҪ ҘҙҎҦҠ ҚқҔғҘҌҕҙҎ ҘҌ ҙҜҘҙҎґ ҞҒґ ҜҞҤґҜҝҎҞҩҤҔҠ! 
ѻқҔҗґқ" ҚҙҖҔҘҙҗҔҌҖҧҘҦґ ҚқҔғҘҌҕҔ

ÅѻҞҝ֘җ ҔҜҚҙҖҧғҙҎҌҘҔҪ ҘҙҎҦҠ# Ґҙ Ҩҝҙҏҙ Ҙґ ҔҜҚҙҖҧғҙҎҌҘҘҦҠ ҚқҔғҘҌҕҙҎ!

ѵҜҚҙҖҧғҙҎҌҝҧ ҍҙҖґґ ҜҖҙҒҘҞҩ җҙҐґҖҧ
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ѺҡґҘҕҌ ҕҌҢґҜҝҎҌ җҙҐґҖҔ: ѻґқґҙҍҞҢґҘҔґ

ѻқҔғҘҌҕ ҚґқґҙҍҞҢґҘҔҪ"

ÁѸҌҖґҘҧҕҙґ ғҘҌҢґҘҔґ -3%ὢ ȟώ .

ÁѮҙҖҧңҙґ ғҘҌҢґҘҔґ -3%ὢ ȟώ .
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ѱґ֬ҜҝҎҔҪ Ҏ ҜҖҞҢҌґ ҚґқґҙҍҞҢґҘҔҪ

ѿҎґҖҔҢҔҝҧ ҝқґҘҔқҙҎҙҢҘҦ֬ ҘҌҍҙқ ҐҌҘҘҦҠ

ѿҗґҘҧңҔҝҧ ҕҙҖҔҢґҜҝҎҙ ҚқҔғҘҌҕҙҎ

ÅѯқҞҢҘҞҩ

ÅѵҜҚҙҖҧғҞҪ җґҝҙҐҦ ҚҙҘҔҒґҘҔҪ қҌғҗґқҘҙҜҝҔ

ѵҜҚҙҖҧғҙҎҌҝҧ қґҏҞҖҪқҔғҌҡҔҩ

ÅѽҙҠқҌҘҪґҝ ҎҜґ ҘґғҌҎҔҜҔҗҦґ ҚґқґҗґҘҘҦґ# Ҙҙ ҞҗґҘҧңҌґҝ ғҘҌҢҔҗҙҜҧ 
ҕҙҨҟҟҔҡҔґҘҝҙҎ җҙҐґҖҔ

Å҉ҟҟґҕҝҔҎҘҙ қҌҍҙҝҌґҝ# ҕҙҏҐҌ ҎҜґ ҘґғҌҎҔҜҔҗҦґ ҚґқґҗґҘҘҦґ ҐґҖҌҩҝ 
ҎҕҖҌҐ Ҏ қґғҞҖҧҝҌҝ ώ
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ѰқґҍҘґҎҌҪ қґҏқґҜҜҔҪ

ѵҘҝҞҔҡҔҪ"

ѻҞҜҝҧ" Ὤὼ ‍ ‍ὼ ‍ὼ ‍ὼ

ѼҌҜҜҗҙҝқҔҗ ҔғҗґҘ֘ҘҘҞҩ ҟҞҘҕҡҔҩ ҜҝҙҔҗҙҜҝҔ:

ὐ‍ȟ‍ȟ‍ȟ‍ В Ὤὼ ώ + 1000‍2

ѲҐҔҘҜҝҎґҘҘҦ֬ ҜҚҙҜҙҍ ҐҙҜҝҔҢҧ ÍÉÎ
ȟ ȟ ȟ

ὐ‍ - ҞҗґҘҧңҔҝҧ ғҘҌҢґҘҔґ‍

ѰқґҍҘґҎҌҪ қґҏқґҜҜҔҪ"

ὐ‍ Ὤὼ ώ ‗Ӷ‍
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бфѕљшяыш êд ѕљыєшэшюë" Ээуѓѓыіыьујыѡ
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19

ѻқҔҗґқҦ ғҌҐҌҢ

ÝѯҖҌҐґҖґҡ ҜґқҎҔҜҌ ҨҖґҕҝқҙҘҘҙ֬ 
ҚҙҢҝҦ ҠҙҢґҝ ҚҙҜҝқҙҔҝҧ ҜҚҌҗ-ҟҔҖҧҝқ 
ҐҖҪ ҜҎҙҔҠ ҚҙҖҧғҙҎҌҝґҖґ֬

ÝѻҙҢҝҙҎҦ֬ ҜґқҎҔҜ ҠҙҢґҝ ҚқҔҗґҘҔҝҧ 
ҌҎҝҙҗҌҝҔҢґҜҕҙґ қҌҜҚҙғҘҌҎҌҘҔґ 
қҞҕҙҚҔҜҘҙҏҙ ҌҐқґҜҌ

ѼґңґҘҔҪ:

ѷҙҏҔҜҝҔҢґҜҕҌҪ қґҏқґҜҜҔҪ

ѸҌңҔҘҌ ҙҚҙқҘҦҠ ҎґҕҝҙқҙҎ (SVM)

ÝѼҌҍҙҝҌґҝ Ҡҙқҙңҙ Ҏ ҜҖҞҢҌґ ҘґҖҔҘґ֬ҘҦҠ 
ҏқҌҘҔҡ# қҌғҐґҖҪҩҤҔҠ ҕҖҌҜҜҦ

ѶҖҌҜҜҔҟҔҕҌҡҔҪ

Source: Gareth James, Daniela Witten, Trevor Hastie, Robert 
Tibshirani . (2014). An Introduction to Statistical Learning. Springer
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ѵҜҚҙҖҧғҞґҝҜҪ ҐҖҪ ҚқґҐҜҕҌғҌҘҔҪ 
ҍҔҘҌқҘҙҏҙҙҝҕҖҔҕҌ ҘҌ ҙҜҘҙҎґ ҙҐҘҙ֬ 
ҔҖҔ ҘґҜҕҙҖҧҕҔҠ ҘґғҌҎҔҜҔҗҦҠ 
ҚґқґҗґҘҘҦҠ ҚҞҝ֘җ ҚҙҜҝқҙґҘҔҪ 
ҎґқҙҪҝҘҙҜҝҘҙֲҗҙҐґҖҔ

ὖώ ρὼ ὪὬὼ
ρ

ρ Ὡ
Ƞ

Ὤὼ ὼ— Ễ ὼ—

ѷҙҏҔҜҝҔҢґҜҕҌҪ қґҏқґҜҜҔҪ
ѯҙғқҌҜҝѱҙҠҙҐ ѶҖҌҜҜ

18 25 1

22 100 1

30 70 1

32 120 1

24 15 0

... ... ...

ѹґғҌҎҔҜҔҗҦґ ҚґқґҗґҘҘҦґ

҃
Ҕ
Ҝ
Җ
ҙ
 
Ҙ
Ҍ
ҍ
Җ
ҩ
Ґ
ґ
Ҙ
Ҕ
֬

(n
)

ѷҙҏҔҜҝҔҢґҜҕҌҪ
ҕқҔҎҌҪ 
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бјшяьу ьуљшѓєху Яѐчшэы
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ѭҘҌҖҔғ ҙңҔҍҙҕ ҕҖҌҜҜҔҟҔҕҌҡҔҔ

ѶҙққґҕҝҘҙҜҝҧ À 
̘̜̖̉̒̌̏̋̏̑̑̆̋̓̎̐̑̆̅̒̋́̈́̎̉̊

̘̏̂̆̆̉̒̌̏̐̑̆̅̒̋́̈́̎̉̊̚

Å҃ҝҙ ґҜҖҔ ҘҌҍҙқ ҐҌҘҘҦҠ ҜҙҐґқҒҔҝ CCw ҘҌҍҖҩҐґҘҔ֬# ҚқҔҘҌҐҖґҒҌҤҔҠ 
ҕҖҌҜҜҞ ;%

Åѿ ҕҖҌҜҜҔҟҔҕҌҝҙқҌ# ҕҙҝҙқҦ֬ ҎҜґҏҐҌ ҚқґҐҜҕҌғҦҎҌґҝ ê;ë# ҕҙққґҕҝҘҙҜҝҧ 
ҚқґҐҜҕҌғҌҘҔ֬ ҍҞҐґҝ қҌҎҘҌ CCw!

Å҃ҝҙ ґҜҖҔ ҕҙққґҕҝҘҙҜҝҧ ҚқґҐҜҕҌғҌҘҔ֬ ҞҎґҖҔҢҔҖҌҜҧ Ҝ 98.7w Ґҙ 99.1%?

ÅѶҌҕ ҚҙҘҪҝҧ# Ңҝҙ Ҩҝҙ қґҌҖҧҘҙґ ҞҖҞҢңґҘҔґ ҌҖҏҙқҔҝҗҌ ҕҖҌҜҜҔҟҔҕҌҡҔҔ%
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ҀҌҕҝҔҢґҜҕҔґғҘҌҢґҘҔҪ ҕҖҌҜҜҙҎ

ѻқґҐҜҕҌғҌҘҘҦґ 
ғҘҌҢґҘҔҪ ҕҖҌҜҜҙҎ

ҚҙҖҙҒҔҝґҖҧҘҙҙҝқҔҡҌҝґҖҧҘҙ

ҚҙҖҙҒҔҝґҖҧҘҙTrue positive 
(TP)

False positive 
(FP)

ҙҝқҔҡҌҝґҖҧҘҙFalse negative 
(FN)

True negative 
(TN)

ѾҙҢҘҙҜҝҧ ßprecision): ҐҙҖҪ ҔҜҝҔҘҘҙ 
ҚҙҖҙҒҔҝґҖҧҘҦҠ ҚқҔҗґқҙҎ ҜқґҐҔ 
ҚқҔҗґқҙҎ# ҚқґҐҜҕҌғҌҘҘҦҠ ҕҌҕ 
ҚҙҖҙҒҔҝґҖҧҘҦґ

ὖὶὩὧὭίὭέὲ
40

40 ╕╟

ѻҙҖҘҙҝҌ ßrecall): ҐҙҖҪ ҔҜҝҔҘҘҙ 
ҚҙҖҙҒҔҝґҖҧҘҦҠ ҚқҔҗґқҙҎ ҜқґҐҔ 
ҟҌҕҝҔҢґҜҕҔ ҚҙҖҙҒҔҝґҖҧҘҦҠ ҚқҔҗґқҙҎ

ὙὩὧὥὰὰ
40

40 ╕╝

ѸґҝқҔҕҔ ҕҌҢґҜҝҎҌ ҕҖҌҜҜҔҟҔҕҌҡҔҔ"
ѸҌҝқҔҡҌ ҘґҝҙҢҘҙҜҝґ֬

ÅTPÝҔҜҝҔҘҘҙ ҚҙҖҙҒҔҝґҖҧҘҙґ қґңґҘҔґ
ÅTNÝҔҜҝҔҘҘҙ ҙҝқҔҡҌҝґҖҧҘҙґ қґңґҘҔґ
ÅFNÝҙңҔҍҕҌ I қҙҐҌ# ҖҙҒҘҙ 
ҙҝқҔҡҌҝґҖҧҘҙґқґңґҘҔґ
ÅFPÝҙңҔҍҕҌ II қҙҐҌ# ҖҙҒҘҙ 
ҚҙҖҙҒҔҝґҖҧҘҙґ қґңґҘҔґ
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ѺҡґҘҕҌ ҕҌҢґҜҝҎҌ ҕҖҌҜҜҔҟҔҕҌҝҙқҌ

Precision Recall ѽқґҐҘґґF1-җґқҌ

ѭҖҏҙқҔҝҗ ;0.5 0.4 0.45 0.444

ѭҖҏҙқҔҝҗ <0.7 0.1 0.4 0.175

ѭҖҏҙқҔҝҗ =0.02 1.0 0.51 0.0392

ѽқґҐҘґґ:

Å ѸҙҒґҝ ҙҕҌғҌҝҧҜҪ# Ңҝҙ ҌҖҏҙқҔҝҗ = ҎҜґҏҐҌ ҚқґҐҜҕҌғҦҎҌґҝ ҚҙҖҙҒҔҝґҖҧҘҦ֬ 
қґғҞҖҧҝҌҝ

Å ѹґҘҌҐ֘ҒҘҌҪ җґҝқҔҕҌ

F1-җґқҌ À ς
ẗ

? ?
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бфѕљшяыш êд ѕљыєшэшюë" 
ашӚђѐяяѝш ѓшєы
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ѻқҔҗґҘґҘҔґ Ҙґ֬қҙҘҘҦҠ Ҝґҝґ֬

ѺҍҘҌқҞҒґҘҔґ 
ҚґңґҠҙҐҙҎ

ѸҌңҔҘҦ ҍґғ ҎҙҐҔҝґҖҪ
Google*/Apple*/Tesla*

ѾґҕҜҝҙҎҙґ ҙҚҔҜҌҘҔґ ҔғҙҍқҌҒґҘҔ֬ ÝGoogle*/Bing*/Baidu*

ѺҍқҌҍҙҝҕҌ ґҜҝґҜҜҝҎґҘҘҦҠ ҪғҦҕҙҎÝSiri*/Cortana*/Google Now *

* All trademarks and registered trademarks are the 
property of their respective owners.

[Images courtesy Deep learning, LeCun, 
Bengio, Hinton,  
doi:10.1038/nature14539]
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ѰҖҞҍҙҕҔґ Ҙґ֬қҙҘҘҦґ ҜґҝҔ ßDNN)

[Jeff Dean keynote at 
CIKM 2015]
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ѹґ֬қҙҘ

ÁѯҠҙҐҦ ßx, y, z)

ÁѯґҜҌw

ÁѽҗґҤґҘҔҪb

ÁѭҕҝҔҎҌҡҔҙҘҘҌҪ ҟҞҘҕҡҔҪ ץ

Ýѹґ֬қҙҘ җҙҒґҝ ŒҎҙғҍҞҐҔҝҧҜҪœ 
ҔҖҔ Ҙґҝ Ҏ ғҌҎҔҜҔҗҙҜҝҔ ҙҝ 
ҎҠҙҐҘҦҠ ҐҌҘҘҦҠ

Intel Confidential

w00

w01

w02

b

(z + b*02װ + y*01װ + x*00װ)ץ
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ѹґ֬қҙҘҘҌҪ Ҝґҝҧ

Intel Confidential

ѾқґҘҔқҙҎҕҌ:ѹҌ֬ҝҔ ғҘҌҢґҘҔҪ ҎґҜҙҎ Ҕ ҜҗґҤґҘҔ֬# ҜҙҙҝҎґҝҜҝҎҞҩңҔґ ҘҌҔҖҞҢңґҗҞ ҕҌҢґҜҝҎҞ 
ҚқґҐҜҕҌғҌҘҔ֬ ҘҌ ҝқґҘҔқҙҎҙҢҘҦҠ ҐҌҘҘҦҠ
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ѾқґҘҔқҙҎҕҌ Ҙґ֬қҙҘҘҙ֬ ҜґҝҔ
ѸґҝҙҐ ҙҍқҌҝҘҙҏҙ қҌҜҚқҙҜҝқҌҘґҘҔҪ ҙңҔҍҕҔ (Backpropagation)

1. ѼҌҜҚқҙҜҝқҌҘҔҝҧ ҎҠҙҐҘҦґ ҐҌҘҘҦґ Қҙ ҜґҝҔ# ҢҝҙҍҦ ҚҙҖҞҢҔҝҧ ғҘҌҢґҘҔҪ қґғҞҖҧҝҌҝҙҎ

2. ѯҦҢҔҜҖҔҝҧ ғҘҌҢґҘҔґ ҙңҔҍҕҔ (ҚқҔ ҚҙҗҙҤҔ ҟҞҘҕҡҔҔ ҜҝҙҔҗҙҜҝҔ)

3. ѼҌҜҚқҙҜҝқҌҘҔҝҧ ҙңҔҍҕҞ ҙҍқҌҝҘҙ

Ý ҎҦҢҔҜҖҔҝҧ ғҘҌҢґҘҔҪ ҔғҗґҘґҘҔ֬ ҎґҜҙҎ Ҕ ҜҗґҤґҘҔ֬ ҘҌ ҕҌҒҐҙҗ ҜҖҙґ

4. ѺҍҘҙҎҔҝҧ ҎҜґ ҎґҜҌ Ҕ ҜҗґҤґҘҔҪ# ҢҝҙҍҦ җҔҘҔҗҔғҔқҙҎҌҝҧ ҟҞҘҕҡҔҩ ҜҝҙҔҗҙҜҝҔ

ѸґҝҙҐ ҏқҌҐҔґҘҝҘҙҏҙ ҜҚҞҜҕҌ"
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бфѕљшяыш êфшъ ѕљыєшэѡë" Ээуѓєшђыъујыѡ
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ѶҖҌҜҝґқҔғҌҡҔҪ
ѻқҔҗґқҦ ғҌҐҌҢ

ÝѹҙҎҙҜҝҘҙґ ҌҏґҘҝҜҝҎҙ ҠҙҢґҝ 
қҌҜҚҙҖҙҒҔҝҧ ҘҙҎҙҜҝҔ Ҝ ҚҙҠҙҒҔҗҔ 
ғҌҏҙҖҙҎҕҌҗҔ ҎҘҞҝқҔ ҙҐҘҙ֬ Ҕ ҝҙ֬ 
Ғґ ҜґҕҡҔҔ ҘҌ ҜҌ֬ҝґ

ÝѵҜҜҖґҐҙҎҌҝґҖҔ ҠҙҝҪҝ 
ҜҏқҞҚҚҔқҙҎҌҝҧ ҘҌҍҖҩҐҌґҗҦҠ 
ҚҌҡҔґҘҝҙҎ Ҝҙ ҜҠҙҒҔҗҔ 
ҏґҘґҝҔҢґҜҕҔҗҔ ңҌҍҖҙҘҌҗҔ# ҢҝҙҍҦ 
ҚқҙҜҖґҐҔҝҧ ҎғҌҔҗҙҜҎҪғҧ Ҝ 
ҙҚқґҐґҖ֘ҘҘҙ֬ ҍҙҖґғҘҧҩ

ѼґңґҘҔґ: K-ҜқґҐҘҔҠ
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ѶҜқґҐҘҔҠ

33

ѭҖҏҙқҔҝҗ ҜҝқґҗҔҝҜҪ қҌғҍҔҝҧ 
ҐҌҘҘҦґ ҘҌ k ҕҖҌҜҝґқҙҎҝҌҕҔҗ 
ҙҍқҌғҙҗ# ҢҝҙҍҦ җҔҘҔҗҔғҔқҙҎҌҝҧ 
ҜҞҗҗҌқҘҙґ ҕҎҌҐқҌҝҔҢҘҙґ 
ҙҝҕҖҙҘґҘҔґ ҝҙҢґҕ ҕҖҌҜҝґқҙҎ ҙҝ 
ҡґҘҝқҙҎ ҨҝҔҠ ҕҖҌҜҝґқҙҎ!

ÍÉÎὐὛ ÍÉÎ

ᶰ

ὼ ‘

‘ - ҡґҘҝқҙҔҐὭ-ҝҙҏҙ ҕҖҌҜҝґқҌ:‘ Вᶰ ὼ
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ѭҖҏҙқҔҝҗ k ҜқґҐҘҔҠ

Å ѯҦҍқҌҝҧ ҘҌҢҌҖҧҘҦґ ҡґҘҝқҙҔҐҦ ҕҖҌҜҝґқҙҎ ‘ȟ‘ȟȣȟ‘

Å ѻҙҎҝҙқҪҝҧ Ҏ ҡҔҕҖґ"

Å ѻґқґқҌҜҚқґҐґҖҔҝҧ ҝҙҢҕҔ Қҙ ҕҖҌҜҝґқҌҗ Ҏ ҜҙҙҝҎґҝҜҝҎҔҔ Ҝ ҍҖҔҒҌ֬ңҔҗҔ 
ҡґҘҝқҙҔҐҌҗҔ:

Ὓ ὼȡὼ ‘ ὼ ‘ ȟᶅὮ

Å ѻґқґҜҢҔҝҌҝҧ ғҘҌҢґҘҔґ ҡґҘҝқҙҔҐҙҎ:

‘
ρ

Ὓ
ᶰ

ὼ

Å ѶқҔҝґқҔ֬ ҙҜҝҌҘҙҎҕҔ" ҡґҘҝқҙҔҐҦ ҚґқґҜҝҌҖҔ ҔғҗґҘҪҝҧҜҪ
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ѭҖҏҙқҔҝҗ k ҜқґҐҘҔҠ


