
+ëࡷĆĮ ࡇߟߢߡߠ �ƚżɾʕɟƚ ߠ
_ǞȘǞɯǕ �ǞȘƚŏɟ áƚǃɟƚɯɯǞȩȘࡈ �ȩƇƚȀ ëƚȀƚżɾǞȩȘ

�ĮĆ ÷ŏȘƇȩȘ ëżǕȩȩȀ ȩǀ CȘǃǞȘƚƚɟǞȘǃࡈ Úɟȩǀࡏ +ǕɟǞɯɾȩɔǕƚɟ �ʕɯżȩ

ߝ



̐Ύϟξχ̥ ˨̙ͻ͖;

ࡄ _Ǟɟɯɾ ʶɟǞɾɾƚȘ ŏɯɯǞǃȘȒƚȘɾ Ƈʕƚ ÷ǕʕɟɯƇŏ ʿࡈ ųʿ ȒǞƇȘǞǃǕɾࡏ
ࡄ ëƚżȩȘƇ Ȁŏų ɔȩɯɾƚƇ Â��ϡßÐ�ÐêϡÜ�ßê°�Âϙ°ÜāÉ� Ƈʕƚ
Șƚʾɾ ÷ʕƚɯƇŏʿ ࡈߝߝࡕߞ ųʿ ȒǞƇȘǞǃǕɾࡏ

ߞ



ͻϟͱϑ͖θͱ̥ θξ̥̙͖̐ϑΎξ ̙˨ϑ˨ χ̥ϑ

÷ŏɟǃƚɾ ʲŏɟǞŏųȀƚࡇ

ࡄ ëżŏȀŏɟɯ ʻߝ, . . . , ʻȗ ǀȩɟ ȗ Ƈŏɾŏ ƚʾŏȒɔȀƚɯ ࡏŏࡏǺࡏŏ࡫ ɯŏȒɔȀƚɯࡏ࡬

ÚɟƚƇǞżɾȩɟ ʲŏɟǞŏųȀƚɯࡇ

ࡄ Ɔ ƇǞȒƚȘɯǞȩȘŏȀ ʲƚżɾȩɟɯ ʾߝ, . . . , ʾȗ ǀȩɟ ȗ Ƈŏɾŏ ƚʾŏȒɔȀƚɯ ŏȘƇ Ɔ
ǀƚŏɾʕɟƚɯ

ߟ



ͻΎϑ͖ϻ˨ϑ͖;͇ ̥Ѕ˨ͻθͱ̥

�ȩɾǞʲŏɾǞȘǃ ƚʾŏȒɔȀƚࡇ ÚɟƚƇǞżɾ ƇǞŏųƚɾƚɯ ɔɟȩǃɟƚɯɯǞȩȘ ǞȘ ɔŏɾǞƚȘɾɯ
ŏǀɾƚɟ ߝ ʿƚŏɟ ųŏɯƚƇ ȩȘ ǕƚŏȀɾǕ ȒƚɾɟǞżɯࡏ �ƚŏɯʕɟƚƇ࡫ ʲǞŏ ȘʕȒƚɟǞżŏȀ
ɯżȩɟƚ࡬ࡏ

_ƚŏɾʕɟƚɯࡇ �ǃƚࡈ ɯƚʾࡈ ųȩƇʿ Ȓŏɯɯ ǞȘƇƚʾࡈ ŏʲƚɟŏǃƚ ųȀȩȩƇ ɔɟƚɯɯʕɟƚࡈ
ɯǞʾ ųȀȩȩƇ ɯƚɟʕȒ ȒƚŏɯʕɟƚȒƚȘɾɯ ࡏǃࡏƚ࡫ żǕȩȀƚɯɾƚɟȩȀࡈ ȀǞɔǞƇ ȀƚʲƚȀɯࡈ
ǞɟȩȘࡈ ƚɾż࡬ࡏ

4ƚȒȩ ǞȘ ��ÈÐ΁ϡ�°���ê�ãϙ°ÜāÉࡏ�

ߠ



ϑ̥͑ ̙˨ϑ˨ ͻ˨ϑξ͖Ѕ

ÚɟƚƇǞżɾȩɟ ʲŏɟǞŏųȀƚɯࡇ

ߡ



ͻϟͱϑ͖θͱ̥ ͱ͖;̥˨ξ ξ̥͇ξ̥χχ͖Ύ;

�ǞȘƚŏɟ �ƚŏɯɾࡷëɛʕŏɟƚɯ áƚǃɟƚɯɯǞȩȘࡏ

ࡄ �ȩƇƚȀࡇ

ƿβ(ʾ) = 〈ʾ,β〉

ࡄ �ȩƇƚȀ ÚŏɟŏȒƚɾƚɟɯࡇ

β = [βߝ,βߞ, . . . ,βƆ]

ࡄ �ȩɯɯ _ʕȘżɾǞȩȘࡇ

�(β) = ‖ʿ− ĭβ‖ߞߞ

ߢ
II. " ""III".

L xn ,m←



ͱΎχχ ͻ͖;͖ͻ͖В˨ϑ͖Ύ;

�ŏżǕǞȘƚ ȀƚŏɟȘǞȘǃ ǃȩŏȀࡇ ȒǞȘǞȒǞˌƚ ɾǕƚ Ȁȩɯɯ ǀʕȘżɾǞȩȘ
�(β) : RƆ → Rࡏ

_ǞȘƇ ȩɔɾǞȒʕȒ ųʿ ƇƚɾƚɟȒǞȘǞȘǃ ǀȩɟ ʶǕǞżǕ β = [βߝ, . . . ,βƆ] ɾǕƚ
ǃɟŏƇǞƚȘɾ Ǟɯ ࡏߜ vࡏƚࡏ ʶǕƚȘ Ƈȩ ʶƚ Ǖŏʲƚࡇ

∇�(β) =





∂�
∂βߝ
∂�
∂βࡏࡏࡏߞ
∂�
∂βƆ




=





ߜ
ߜ
ࡏࡏࡏ
ߜ





ߣ

V L (B):Md→ Rd



͇ξ˨̙͖̥;ϑ Ͼ˨ξͻϟθ

_ʕȘżɾǞȩȘࡇ

ƿ(ˌ) = ŏîˌ ǀȩɟ ɯȩȒƚ ˙ʾƚƇ żȩȀʕȒȘ ʲƚżɾȩɟ ŏ ∈ RƆ

bɟŏƇǞƚȘɾࡇ

_ʕȘżɾǞȩȘࡇ

ƿ(ˌ) = ߞߞ‖ˌ‖

bɟŏƇǞƚȘɾࡇ

ߤ

ppd input
→ 113output

o f(z) = 612)= ¥,A i z i
-

0612): ftp://jjf" . . oi[end→ &

= §,Z i '
2 £ 2 2 ' ,

Otta): 2 2 . t z i



͇ξ˨̙͖̥;ϑ Ͼ˨ξͻϟθ

_ʕȘżɾǞȩȘࡇ

ƿ(ˌ) = ǂ(�ˌ) = ǀȩɟ ˙ʾƚƇ � ∈ Rȗ×Ɔ ŏȘƇ ǀʕȘżɾǞȩȘ ǂ

bɟŏƇǞƚȘɾࡇ

ߥ

v g
>

= (nad)(del)
A 2

✓
Multivariate

to= A z B E 113" chain Rule

¥55 . E.IT;.fi#→Ai i .
wi ts , ¥.

guys,?zf¥.Aji

¥2;i s → µp imp 6 - -

Do:#Hogan
wants,



͇ξ˨̙͖̥;ϑ

�ȩɯɯ ǀʕȘżɾǞȩȘࡇ

�(β) = ‖ʿ− ĭβ‖ߞߞ

ߜߝ

I
£ glow) = i t u entry o f Atoglw)
J2i

[glw) i . a tAz) = At p g (w) = A tOg(Az)
-

L ls) = I l y112 t " XB )I I - 2 4 g , X B >

PHs) = 0118112 t P l lk b" i - 2 0 4 4 , B ?
O t X I E - 2 Xty



͇ξ˨̙͖̥;ϑ ̙̥ξ͖ϻ˨ϑ͖Ύ;

�ȩɯɯ ǀʕȘżɾǞȩȘࡇ ‖ʿ− ĭβ‖ࡏߞߞ

ߝߝ



ͱΎχχ ͻ͖;͖ͻ͖В˨ϑ͖Ύ;

bȩŏȀࡇ ȒǞȘǞȒǞˌƚ ɾǕƚ Ȁȩɯɯ ǀʕȘżɾǞȩȘ �(β) = ‖ʿ− ĭβ‖ࡏߞߞ

∇�(β) = ĭîĭβߞ − ĭîʿߞ = ߜ

ëȩȀʲƚ ǀȩɟ ȩɔɾǞȒŏȀ β∗ࡇ

ĭîĭβ∗ = ĭîʿ

β∗ =
(
ĭîĭ

ߝ−( ĭîʿ

ߞߝ



ϑ̥χϑ ІΎϟξ ͖;ϑϟ͖ϑ͖Ύ;

ĦǕŏɾ Ǟɯ ɾǕƚ ɯǞǃȘ ȩǀ βߝ ʶǕƚȘ ʶƚ ɟʕȘ ŏ ɯǞȒɔȀƚ ȀǞȘƚŏɟ ɟƚǃɟƚɯɯǞȩȘ
ʕɯǞȘǃ ɾǕƚ ǀȩȀȀȩʶǞȘǃ ɔɟƚƇǞżɾȩɟɯ ǀȩɟ ƇǞŏųƚɾƚɯ ɔɟȩǃɟƚɯɯǞȩȘ ǞȘ
ǞɯȩȀŏɾǞȩȘࡇ

ࡄ $ȩƇʿ Ȓŏɯɯ ǞȘƇƚʾ ࡇ࡬�v$࡫ ÚȩɯǞɾǞʲƚ
ࡄ ëƚʾ ʲŏȀʕƚɯ࡫ ȩǀ ߝ ǞȘƇǞżŏɾƚɯ ȒŏȀƚࡈ ʲŏȀʕƚ ȩǀ ߞ ǞȘƇǞżŏɾƚɯ
ǀƚȒŏȀƚࡇ࡬ ÚȩɯǞɾǞʲƚ

ߟߝ



͖;ϑ̥ξ˨̐ϑ͖;͇ ϻ˨ξ͖˨̊ͱ̥χ

ĦǕŏɾ Ǟɯ ɾǕƚ ɯǞǃȘ ȩǀ ɾǕƚ żȩɟɟƚɯɔȩȘƇǞȘǃ β࢈ɯ ʶǕƚȘ ʶƚ ɟʕȘ ŏ
ȒʕȀɾǞɔȀƚ ȀǞȘƚŏɟ ɟƚǃɟƚɯɯǞȩȘ ʕɯǞȘǃ ɾǕƚ ǀȩȀȀȩʶǞȘǃ ɔɟƚƇǞżɾȩɟɯ
ɾȩǃƚɾǕƚɟࡇ

ࡄ $ȩƇʿ Ȓŏɯɯ ǞȘƇƚʾ ࡇ࡬�v$࡫ ÚȩɯǞɾǞʲƚ
ࡄ ëƚʾ ʲŏȀʕƚɯ࡫ ȩǀ ߝ ǞȘƇǞżŏɾƚɯ ȒŏȀƚࡈ ʲŏȀʕƚ ȩǀ ߞ ǞȘƇǞżŏɾƚɯ
ǀƚȒŏȀƚࡇ࡬ �ƚǃŏɾǞʲƚ

+ŏȘ ʿȩʕ ƚʾɔȀŏǞȘ ɾǕǞɯࡐ ÷ɟʿ ɾȩ ɾǕǞȘǺ ȩǀ ʿȩʕɟ ȩʶȘ ƚʾŏȒɔȀƚ ȩǀ ŏ
ɟƚǃɟƚɯɯǞȩȘ ɔɟȩųȀƚȒ ʶǕƚɟƚ ɾǕǞɯ ɔǕƚȘȩȒƚȘȩȘ ȒǞǃǕɾ ɯǕȩʶ ʕɔࡏ

ߠߝ



̙̥˨ͱ͖;͇ Ͼ͖ϑ͑ ̐˨ϑ̥͇Ύξ͖̐˨ͱ ϻ˨ξ͖˨̊ͱ̥χ

÷Ǖƚ ɯƚʾ ʲŏɟǞŏųȀƚ ǞȘ ɾǕƚ ƇǞŏųƚɾƚɯ ɔɟȩųȀƚȒ ʶŏɯ ųǞȘŏɟʿࡏ

ëʕɔɔȩɯƚ ʶƚ ǃȩ ųŏżǺ ɾȩ ɾǕƚ �Úb ɔɟƚƇǞżɾǞȩȘ ɔɟȩųȀƚȒࡏ ĦǕŏɾ Ǟǀ
ʶƚ ǕŏƇ ŏ żŏɾƚǃȩɟǞżŏȀ ɔɟƚƇǞżɾȩɟ ʲŏɟǞŏųȀƚ ǀȩɟ żŏɟ ȒŏǺƚ ʶǞɾǕ Ȓȩɟƚ
ɾǕŏȘ ߞ ȩɔɾǞȩȘɯࡇ ƚࡏǃࡏ _ȩɟƇࡈ $�Ħࡈ mȩȘƇŏࡏ mȩʶ ʶȩʕȀƇ ʿȩʕ ƚȘżȩƇƚ
ŏɯ ŏ ȘʕȒƚɟǞżŏȀ żȩȀʕȒȘࡐ





§Ðß�
§Ðß�
­ÐÉ��
�Èû

­ÐÉ��
§Ðß�





→









ߡߝ

I

:
:
I



Ύ;̥ ͑Ύϑ ̥;̐Ύ̙͖;͇

$ƚɾɾƚɟ ŏɔɔɟȩŏżǕࡇ °Șƚ mȩɾ CȘżȩƇǞȘǃࡏ




§Ðß�
§Ðß�
­ÐÉ��
�Èû
­ÐÉ��
§Ðß�





→





ߝ ߜ ߜ
ߝ ߜ ߜ
ߜ ߝ ߜ
ߜ ߜ ߝ
ߜ ߝ ߜ
ߝ ߜ ߜ





ࡄ +ɟƚŏɾƚ ŏ ɯƚɔŏɟŏɾƚ ǀƚŏɾʕɟƚ ǀȩɟ ƚʲƚɟʿ żŏɾƚǃȩɟ ʿࡈ ʶǕǞżǕ Ǟɯ ߝ
ʶǕƚȘ ɾǕƚ ʲŏɟǞŏųȀƚ Ǟɯ ǞȘ ɾǕŏɾ żŏɾƚǃȩɟ ʿࡈ ˌƚɟȩ ȩɾǕƚɟʶǞɯƚࡏ

ࡄ �ȩɾ ɾȩȩ ǕŏɟƇ ɾȩ Ƈȩ ųʿ ǕŏȘƇࡈ ųʕɾ ʿȩʕ żŏȘ ŏȀɯȩ ʕɯƚ ȀǞųɟŏɟʿ
ǀʕȘżɾǞȩȘɯ ȀǞǺƚ ã¿Â��ßÉϙÜß�ÜßÐ��ãã°É¨ϙHÉ�)Ðê�É�Ð��ßࡏ

�ʲȩǞƇɯ ŏƇƇǞȘǃ ǞȘŏƇʲƚɟɾƚȘɾ ȀǞȘƚŏɟ ɟƚȀŏɾǞȩȘɯǕǞɔɯࡏ
ߢߝ

foodhondabmw



ϑξ˨;χ͂Ύξͻ̥̙ ͱ͖;̥˨ξ ͻΎ̙̥ͱχ

ëʕɔɔȩɯƚ ʶƚ Ǖŏʲƚ ɯǞȘǃʕȀŏɟ ʲŏɟǞŏɾƚ Ƈŏɾŏ ƚʾŏȒɔȀƚɯ (ʺ, ʻ)ࡏ mȩʶ
żȩʕȀƇ ʶƚ ˙ɾ ɾǕƚ ȘȩȘࡷȀǞȘƚŏɟ ȒȩƇƚȀࡇ

ʻ ≈ βߜ + βߝʺ+ βߞʺߞ + βߟʺߟ.

ߣߝ

-

O

(Xi,y¥

[ = t h i n
¥2,(Yi-Bo+BixitBaxi't Bzx?)

-

B



ϑξ˨;χ͂Ύξͻ̥̙ ͱ͖;̥˨ξ ͻΎ̙̥ͱχ

÷ɟŏȘɯǀȩɟȒ ǞȘɾȩ ŏ ȒʕȀɾǞɔȀƚ ȀǞȘƚŏɟ ɟƚǃɟƚɯɯǞȩȘ ɔɟȩųȀƚȒࡇ

ĭ =





ߝ ߝʺ ߝߞʺ ߝߟʺ
ߝ ߞʺ ߞߝʺ ߞߟʺ
ߝ ߟʺ ߟߞʺ ߟߟʺ
ࡏࡏࡏ ࡏࡏࡏ ࡏࡏࡏ
ߝ ʺȗ ȗߞʺ ȗߟʺ





CŏżǕ żȩȀʕȒȘ Ǳ Ǟɯ ǃƚȘƚɟŏɾƚƇ ųʿ ŏ ƇǞǀǀƚɟƚȘɾ ųŏɯǞɯ ǀʕȘżɾǞȩȘ φǱ(ʺ)ࡏ
+ȩʕȀƇ Ǖŏʲƚࡇ

ࡄ φǱ(ʺ) = ʺɗ
ࡄ φǱ(ʺ) = ɫǝȗ(ʺ)
ࡄ φǱ(ʺ) = żȧɫ(ߜߝʺ)
ࡄ φǱ(ʺ) = ʺ/ߝ

ߤߝ

w i n Ily-Xb-Hi → n o

• to
Do

a §I = L → Bss

Jn

(XB); = b o t B,X i +Baxi'
+Bzxis



ϑξ˨;χ͂Ύξͻ̥̙ ͱ͖;̥˨ξ ͻΎ̙̥ͱχ

÷ɟŏȘɯǀȩɟȒŏɾǞȩȘɯ żŏȘ ŏȀɯȩ ųƚ ǀȩɟ ȒʕȀɾǞʲŏɟǞŏɾƚ Ƈŏɾŏࡏ

CʾŏȒɔȀƚࡇ �ʕȀɾǞȘȩȒǞŏȀ ȒȩƇƚȀࡏ

ࡄ bǞʲƚȘ ŏ Ƈŏɾŏɯƚɾ ʶǞɾǕ ɾŏɟǃƚɾ ʻ ŏȘƇ ɔɟƚƇǞżɾȩɟɯ ʺ, ࡏˈ
ࡄ _ȩɟ ǞȘɔʕɾɯ ,ߝʺ) ,(ߝˈ . . . , (ʺȗ, ˈȗ) żȩȘɯɾɟʕżɾ ɾǕƚ Ƈŏɾŏ ȒŏɾɟǞʾࡇ





ߝ ߝʺ ߝߞʺ ߝˈ ߝߞˈ ߝˈߝʺ
ߝ ߞʺ ߞߞʺ ߞˈ ߞߞˈ ߞˈߞʺ
ࡏࡏࡏ ࡏࡏࡏ ࡏࡏࡏ
ߝ ʺȗ ȗߞʺ ˈȗ ȗߞˈ ʺȗˈȗ





ࡄ +ŏɔɾʕɟƚɯ ȘȩȘࡷȀǞȘƚŏɟ ǞȘɾƚɟŏżɾǞȩȘ ųƚɾʶƚƚȘ ʺ ŏȘƇ ʻࡏ

ߥߝ



ͻΎ̙̥ͱ χ̥ͱ̥̐ϑ͖Ύ;

áƚȒŏǞȘƇƚɟ ȩǀ Ȁƚżɾʕɟƚࡇ �ƚŏɟȘ ŏųȩʕɾ ȒȩƇƚȀ ɯƚȀƚżɾǞȩȘࡈ ɾƚɯɾࡕɾɟŏǞȘ
ɔŏɟŏƇǞǃȒࡈ ŏȘƇ żɟȩɯɯࡷʲŏȀǞƇŏɾǞȩȘ ɾǕɟȩʕǃǕ ŏ ɯǞȒɔȀƚ ƚʾŏȒɔȀƚࡏ

ɯ

ߜߞ

m



͖͂ϑϑ͖;͇ ˨ θΎͱІ;Ύͻ͖˨ͱ

ëǞȒɔȀƚ ƚʾɔƚɟǞȒƚȘɾࡇ

ࡄ áŏȘƇȩȒȀʿ ɯƚȀƚżɾ Ƈŏɾŏ ɔȩǞȘɾɯ ,ߝʺ . . . , ʺȗ ∈ ,ߝ−] ࡏ[ߝ
ࡄ +Ǖȩȩɯƚ ŏ Ƈƚǃɟƚƚ ߟ ɔȩȀʿȘȩȒǞŏȀ ɑ(ʺ)ࡏ
ࡄ +ɟƚŏɾƚ ɯȩȒƚ ǀŏǺƚ Ƈŏɾŏࡇ ʻǝ = ɑ(ʺǝ) + η ʶǕƚɟƚ η Ǟɯ ŏ ɟŏȘƇȩȒ
ȘʕȒųƚɟ ǃࡏƚ࡫ ɟŏȘƇȩȒ bŏʕɯɯǞŏȘࡏ࡬

ߝߞ



͖͂ϑϑ͖;͇ ˨ θΎͱІ;Ύͻ͖˨ͱ

ëǞȒɔȀƚ ƚʾɔƚɟǞȒƚȘɾࡇ

ࡄ Ćɯƚ ȒʕȀɾǞɔȀƚ ȀǞȘƚŏɟ ɟƚǃɟƚɯɯǞȩȘ ɾȩ ˙ɾ ŏ Ƈƚǃɟƚƚ ߟ ɔȩȀʿȘȩȒǞŏȀࡏ

ߞߞ



͖͂ϑϑ͖;͇ ˨ θΎͱІ;Ύͻ͖˨ͱ

ĦǕŏɾ Ǟǀ ʶƚ ˙ɾ ŏ ǕǞǃǕƚɟ Ƈƚǃɟƚƚ ɔȩȀʿȘȩȒǞŏȀࡐ

ࡄ _Ǟɾ Ƈƚǃɟƚƚ ߡ ɔȩȀʿȘȩȒǞŏȀ ʕȘƇƚɟ ɯɛʕŏɟƚƇ Ȁȩɯɯࡏ
ࡄ _Ǟɾ Ƈƚǃɟƚƚ ߜߝ ɔȩȀʿȘȩȒǞŏȀ ʕȘƇƚɟ ɯɛʕŏɟƚƇ Ȁȩɯɯࡏ

ߟߞ



͖͂ϑϑ͖;͇ ˨ θΎͱІ;Ύͻ͖˨ͱ

CʲƚȘ ǕǞǃǕƚɟࡐ

ࡄ _Ǟɾ Ƈƚǃɟƚƚ ߜߠ ɔȩȀʿȘȩȒǞŏȀ ʕȘƇƚɟ ɯɛʕŏɟƚƇ Ȁȩɯɯࡏ

ߠߞ



ͻΎ̙̥ͱ χ̥ͱ̥̐ϑ͖Ύ;

÷Ǖƚ Ȓȩɟƚ żȩȒɔȀƚʾ ȩʕɟ ȒȩƇƚȀ żȀŏɯɯ ࡏƚࡏǞ࡫ ɾǕƚ ǕǞǃǕƚɟ Ƈƚǃɟƚƚ ʶƚ
ŏȀȀȩʶ࡬ ɾǕƚ ųƚɾɾƚɟ ȩʕɟ Ȁȩɯɯࡇ

vɯ ȩʕɟ ȒȩƇƚȀ ǃƚɾɾǞȘǃ ųƚɾɾƚɟ ŏȘƇ ųƚɾɾƚɟࡐ

bǞʲƚȘ ɾǕƚ ɟŏʶ Ƈŏɾŏࡈ Ǖȩʶ Ƈȩ ʶƚ ǺȘȩʶ ʶǕǞżǕ ȒȩƇƚȀ ɾȩ żǕȩȩɯƚࡐ
4ƚǃɟƚƚ ࡐߟ 4ƚǃɟƚƚ ࡐߡ 4ƚǃɟƚƚ ࡐߜߠ

ߡߞ



ͻΎ̙̥ͱ χ̥ͱ̥̐ϑ͖Ύ;

ÚɟȩųȀƚȒࡇ �ȩɯɯ ŏȀȩȘƚ Ǟɯ Șȩɾ ǞȘǀȩɟȒŏɾǞʲƚ ǀȩɟ żǕȩȩɯǞȘǃ ȒȩƇƚȀࡏ

_ȩɟ Ȓȩɟƚ żȩȒɔȀƚʾ ȒȩƇƚȀɯࡈ ʶƚ ǃƚɾ ɯȒŏȀȀƚɟ Ȁȩɯɯ ȩȘ ɾǕƚ ɾɟŏǞȘǞȘǃ
Ƈŏɾŏࡈ ųʕɾ ƇȩȘ࢈ɾ ƚʾɔƚżɾ ɾȩ ɔƚɟǀȩɟȒ ʶƚȀȀ ȩȘ ࢆȘƚʶࢅ Ƈŏɾŏࡇ

vȘ ȩɾǕƚɟ ʶȩɟƇɯࡈ ɾǕƚ ȒȩƇƚȀ Ƈȩƚɯ Șȩɾ ǃƚȘƚɟŏȀǞˌƚࡏ

ߢߞ

r



ͻΎ̙̥ͱ χ̥ͱ̥̐ϑ͖Ύ;

ëȩȀʕɾǞȩȘࡇ 4ǞɟƚżɾȀʿ ɾƚɯɾ ȒȩƇƚȀ ȩȘ Șƚʶࢅ Ƈŏɾŏࡏࢆ

ࡄ �ȩɯɯ żȩȘɾǞȘʕƚɯ ɾȩ Ƈƚżɟƚŏɯƚ ŏɯ ȒȩƇƚȀ żȩȒɔȀƚʾǞɾʿ ǃɟȩʶɯࡏ
ࡄ ÚƚɟǀȩɟȒŏȘżƚ ȩȘ Șƚʶ Ƈŏɾŏ ɾʕɟȘɯࢅ ŏɟȩʕȘƇࢆ ȩȘżƚ ȩʕɟ ȒȩƇƚȀ
ǃƚɾɯ ɾȩȩ żȩȒɔȀƚʾࡏ �ǞȘǞȒǞˌƚƇ ŏɟȩʕȘƇ Ƈƚǃɟƚƚ ࡏߠ

ߣߞ



ϑξ˨͖;ࡷϑ̥χϑ θ˨ξ˨̙͖͇ͻ

vȘ Ȓȩɯɾ ɯǞɾʕŏɾǞȩȘɯࡈ ʶƚ żŏȘȘȩɾ ɯǞȒɔȀʿ żȩȀȀƚżɾ ȩɟ ǃƚȘƚɟŏɾƚ Șƚʶࢅ
Ƈŏɾŏࡏࢆ mƚɟƚ࢈ɯ ŏȘ ŏȀɾƚɟȘŏɾǞʲƚࡇ
÷ƚɯɾࡕɾɟŏǞȘ ɯɔȀǞɾࡇ

ࡄ bǞʲƚȘ Ƈŏɾŏ ɯƚɾ (ĭ, ʿ)ࡈ ɯɔȀǞɾ ǞȘɾȩ ɾʶȩ ɯƚɾɯ (ĭɺɛ, ʿɺɛ) ŏȘƇ (ĭɺɫ, ʿɺɫ)ࡏ

ࡄ ÷ɟŏǞȘ ɗ ȒȩƇƚȀɯ ƿߝ, . . . , ƿɗ ųʿ ˙ȘƇǞȘǃ ɔŏɟŏȒƚɾƚɟɯ ʶǕǞżǕ ȒǞȘǞȒǞˌƚ
ɾǕƚ Ȁȩɯɯ ȩȘ (ĭɺɛ, ʿɺɛ)ࡏ

ࡄ CʲŏȀʕŏɾƚ Ȁȩɯɯ ȩǀ ƚŏżǕ ɾɟŏǞȘƚƇ ȒȩƇƚȀ ȩȘ (ĭɺɫ, ʿɺɫ)ࡏ

ߤߞ

50% data a s t e e , 5 0 % a , test?

80% a s train, 2 0 % test?



ϑξ˨͖;ࡷϑ̥χϑ θ˨ξ˨̙͖͇ͻ

�ʕɯɾǞ˙żŏɾǞȩȘࡇ

ࡄ �ɯɯʕȒƚ ƚŏżǕ Ƈŏɾŏ ƚʾŏȒɔȀƚ Ǟɯ ɟŏȘƇȩȒȀʿ ƇɟŏʶȘ ǀɟȩȒ ɯȩȒƚ
ƇǞɯɾɟǞųʕɾǞȩȘ (ʾ, ʻ) ∼ Dࡇ ʶƚ ƇȩȘ࢈ɾ żŏɟƚ ŏųȩʕɾ ŏȘʿ ɔŏɟɾǞżʕȀŏɟɯ ȩǀ
ɾǕǞɯ ƇǞɯɾɟǞųʕɾǞȩȘࡏ

ࡄ bȩŏȀࡇ _ǞȘƇ ȒȩƇƚȀ ƿ ∈ {ƿߝ, . . . , ƿɗ} ŏȘƇ ɔŏɟŏȒƚɾƚɟ ʲƚżɾȩɟ θ ɾȩ
ȒǞȘǞȒǞˌƚ ɾǕƚ áǞɯǺࡇ

Ú(ƿ,θ) = E(ʾ,ʻ)∼D [� (ƿ(ʾ,θ)− ʻ)]

ʶǕƚɟƚ � Ǟɯ ɯȩȒƚ Ȁȩɯɯ ǀʕȘżɾǞȩȘ ࡏǃࡏƚ࡫ �(ˈ) = |ˈ| ȩɟ �(ˈ) = ࡏ࡬ߞˈ

ߥߞ



ϑξ˨͖;ࡷϑ̥χϑ θ˨ξ˨̙͖͇ͻ

�ʕɯɾǞ˙żŏɾǞȩȘࡇ

ࡄ ëʕɔɔȩɯƚ ɾǕƚ ɾƚɯɾǞȘǃ Ƈŏɾŏɯƚɾ (ĭɺɫ, ʿɺɫ) Ǖŏɯ ȑ ƚʾŏȒɔȀƚɯࡏ

ࡄ bǞʲƚȘ ŏȘʿ ȒȩƇƚȀ ƿ ŏȘƇ ɔŏɟŏȒƚɾƚɟɯ θࡈ Ȁƚɾ

�ɺɫ(ƿ,θ) =
ߝ
ȑ

∑

ʾ,ʻ∈(ĭɺɫ,ʿɺɫ)
� (ƿ(ʾ,θ)− ʻ)

ࡄ +ȀŏǞȒߝࡇ

E [�ɺɫ(ƿ,θ)] = Ú(ƿ,θ).

ࡄ ëȩ ȩʕɟ ɾƚɯɾǞȘǃ ƚɟɟȩɟ Ǟɯ ŏȘ ʕȘųǞŏɯƚƇ ƚɯɾǞȒŏɾƚ ǀȩɟ ɾǕƚ ɾɟʕƚ ɟǞɯǺ
ʶǕǞżǕ Ȓƚŏɯʕɟƚɯ Ǖȩʶ ʶƚȀȀ ŏ ǀʕȘżɾǞȩȘ ɔƚɟǀȩɟȒɯ ȩȘ ŏʲƚɟŏǃƚ ǀȩɟ
ŏȘʿ ࢆȘƚʶࢅ Ƈŏɾŏ ɔȩǞȘɾࡏ

ȘȀʿ°ߝ ɾɟʕƚ Ǟǀ ƿ ŏȘƇ θ ŏɟƚ żǕȩɯƚ ʲǝɺǔȧʑɺ ǿȧȧǹǝȗǂ ŏɺ ʻȧʑɛ ɺƙɫɺ Ɔŏɺŏࡒ

ߜߟ



Ύͱ̙͂ࡷͬ ̐ξΎχχ ϻ˨ͱ͖̙˨ϑ͖Ύ;

ࡄ áŏȘƇȩȒȀʿ ƇǞʲǞƇƚ Ƈŏɾŏ ǞȘ � ɔŏɟɾɯࡏ
ࡄ ÷ʿɔǞżŏȀ żǕȩǞżƚࡇ � = ߡ ȩɟ � = ࡏߜߝ

ࡄ Ćɯƚ �− ߝ ɔŏɟɾɯ ǀȩɟ ɾɟŏǞȘǞȘǃࡈ ߝ ǀȩɟ ɾƚɯɾࡏ
ࡄ _ȩɟ ƚŏżǕ ȒȩƇƚȀࡈ żȩȒɔʕɾƚ ɾƚɯɾ Ȁȩɯɯ �ɺɫ ǀȩɟ ƚŏżǕ ࡏࢆǀȩȀƇࢅ
ࡄ +Ǖȩȩɯƚ ȒȩƇƚȀ ʶǞɾǕ ųƚɯɾ ŏʲƚɟŏǃƚ Ȁȩɯɯࡏ
ࡄ áƚɾɟŏǞȘ ųƚɯɾ ȒȩƇƚȀ ȩȘ ƚȘɾǞɟƚ Ƈŏɾŏɯƚɾࡏ

ߝߟ



Ύͱ̙͂ࡷͬ ̐ξΎχχ ϻ˨ͱ͖̙˨ϑ͖Ύ;

�ƚŏʲƚࡷȩȘƚࡷȩʕɾ żɟȩɯɯ ʲŏȀǞƇŏɾǞȩȘࡇ ɾŏǺƚ � = ȗࡈ ʶǕƚɟƚ ȗ Ǟɯ ȩʕɟ
ɾȩɾŏȀ ȘʕȒųƚɟ ȩǀ ɯŏȒɔȀƚɯࡏ

vɯ ɾǕƚɟƚ ŏȘʿ ƇǞɯŏƇʲŏȘɾŏǃƚ ɾȩ żǕȩȩɯǞȘǃ � Ȁŏɟǃƚɟࡐ

ߞߟ


