
+ëࡷĆĮ ࡇߟߢߡߠ �ƚżɾʕɟƚ ߡߝ
�ƚʕɟŏȀ �ƚɾʶȩɟǺɯ

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

ߝ



̐Ύϟξχ̥ ͱΎ͇͖χϑ͖̐χ

ࡄ Úɟȩǲƚżɾ ɾȩɔǞżࡕɾƚŏȒɯ Ƈʕƚ ȩȘ ɾȩȘǞǃǕɾ ʲǞŏ ƚȒŏǞȀࡏ
ࡄ ëǞǃȘ ʕɔ ǀȩɟ ŏ ȒƚƚɾǞȘǃ ɾǞȒƚ ŏǀɾƚɟ ʿȩʕ ɯƚȘƇ Ȓƚ ɾǕƚ ƚȒŏǞȀࡏ

ࡄ �ŏų Ƈʕƚ ÷ǕʕɟɯƇŏʿ ȘǞǃǕɾࡏ
ࡄ �ʿ ȩǀ˙żƚ Ǖȩʕɟɯ ǀɟȩȒ ɔȒߟࡷߝ ɾȩƇŏ ʿࡏ

ߞ



ͱ˨̊ ߢ

�ŏų Â��ϡÈÉ°ãêϡÜ�ßê°�Âϙ°ÜāÉ� Ƈʕƚ Șƚʾɾ ÷ǕʕɟɯƇŏ ʿࡈ ࡏߥࡕߠ

ࡄ +ȩʲƚɟɯ ǺƚɟȘƚȀ ȀȩǃǞɯɾǞż ɟƚǃɟƚɯɯǞȩȘ ŏȘƇ ëģ�ɯࡈ ʶǕǞżǕ ɯǕȩʕȀƇ
ųƚ ʕɯƚǀʕȀ ǞȘ ȒŏȘʿ ɔɟȩǲƚżɾɯࡏ

ࡄ áƚɛʕǞɟƚɯ a�ÉãÐß§ÂÐû ƚŏɯǞƚɯɾ ʶŏʿ ɾȩ ȀȩŏƇ ��vë÷ Ƈŏɾŏࡏ
ࡄ ÚȩɔʕȀŏɟ �� ȀǞųɟŏɟʿ ǀȩżʕɯƚƇ ȩȘ ȘƚʕɟŏȀ ȘƚɾʶȩɟǺɯࡇ ˙ɟɯɾ
ɟƚȀƚŏɯƚƇ ųʿ bȩȩǃȀƚ ǞȘ ࡏߡߝߜߞ Ħƚ ʶǞȀȀ ʕɯƚ ŏȀȩȘǃ ʶǞɾǕ ɾǕƚ
ǕǞǃǕࡷȀƚʲƚȀ 9�ß�ã ȀǞųɟŏɟʿ ǞȘżȀʕƇƚƇ ǞȘ a�ÉãÐß§ÂÐû ǀȩɟ
ɾǕƚ Șƚʾɾ ɔŏɟɾ ȩǀ ɾǕƚ żȀŏɯɯࡏ

ߟ



ϑ̥;χΎξ͂ͱΎϾ

ࡄ vȘɯɾŏȀȀŏɾǞȩȘ żŏȘ ųƚ ƇȩȘƚ ƇǞɟƚżɾȀʿ ǞȘ �ȘŏżȩȘƇŏ ȘŏʲǞǃŏɾȩɟࡈ
ʲǞŏ Ü°Üࡈ ȩɟ żȩȒƚɯ ɔɟƚࡷǞȘɯɾŏȀȀƚƇ ǞȘ bȩȩǃȀƚ +ȩȀȀŏųࡏ

ࡄ vȘɯɾŏȀȀ ģƚɟɯǞȩȘ ߞ ɯȩ ʶƚ࢈ɟƚ ŏȀȀ ȩȘ ɾǕƚ ɯŏȒƚ ɔŏǃƚࡏ

ߠ



ϑ̥;χΎξ͂ͱΎϾ

a�ÉãÐß§ÂÐû  ʶŏɯ ȩȘȀʿ ɟƚȀƚŏɯƚƇ ǞȘ _ŏȀȀ ࡈߥߝߜߞ ɯȩ Ǟǀ ʿȩʕ ŏɟƚ
ǕŏʲǞȘǃ Ǟɯɯʕƚɯ ŏȘƇ ȘƚƚƇ bȩȩǃȀƚ ǀȩɟ ŏȘɯʶƚɟɯࡈ ȒŏǺƚ ɯʕɟƚ ɾȩ
ɟƚɯɾɟǞżɾ ɾǕƚ Ƈŏɾƚɯ ȩǀ ʿȩʕɟ ɯƚŏɟżǕࡏ

ߡ



;̥ϟξ˨ͱ ;̥ϑϾΎξͬχ

÷Ǖƚ ǕȩɾࡷɾȩɔǞż ǞȘ ȒŏżǕǞȘƚ ȀƚŏɟȘǞȘǃ ɟǞǃǕɾ Șȩʶࡏ

_ȩżʕɯ ȩǀ ǞȘʲƚɯɾȒƚȘɾ ŏɾ ʕȘǞʲƚɟɯǞɾǞƚɯࡈ ǃȩʲƚɟȘȒƚȘɾ ɟƚɯƚŏɟżǕ Ȁŏųɯ
ŏȘƇ ǀʕȘƇǞȘǃ ŏǃƚȘżǞƚɯࡈ ŏȘƇ Șȩʶ Ȁŏɟǃƚ ɾƚżǕ żȩȒɔŏȘǞƚɯࡏ

ëɾʕƇǞƚƇ ɯǞȘżƚ ɾǕƚ ࡏɯߜߡࡕɯߜߠߥߝ ĦǕʿ ɾǕƚ ɯʕƇƇƚȘ ŏɾɾƚȘɾǞȩȘࡐ �ȩɟƚ
ȩȘ ǕǞɯɾȩɟʿ ȩǀ ȘƚʕɟŏȀ ȘƚɾʶȩɟǺɯ ŏɾ ɾǕƚ ƚȘƇ ȩǀ Ȁƚżɾʕɟƚࡏ ߢ



χ͖ͻθͱ̥ ͻΎϑ͖ϻ˨ϑ͖;͇ ̥Ѕ˨ͻθͱ̥

+ȀŏɯɯǞ˙żŏɾǞȩȘ ʶǕƚȘ Ƈŏɾŏ Ǟɯ Șȩɾ ȀǞȘƚŏɟȀʿ ɯƚɔŏɟŏųȀƚࡇ

+ȩʕȀƇ ʕɯƚ ǀƚŏɾʕɟƚ ɾɟŏȘɯǀȩɟȒŏɾǞȩȘɯ ȩɟ ŏ ȘȩȘࡷȀǞȘƚŏɟ ǺƚɟȘƚȀࡏ

�ȀɾƚɟȘŏɾǞʲƚ ŏɔɔɟȩŏżǕࡇ 4ǞʲǞƇƚ ɾǕƚ ɯɔŏżƚ ʕɔ ǞȘɾȩ ɟƚǃǞȩȘɯ ʕɯǞȘǃ
ȒʕȀɾǞɔȀƚ ȀǞȘƚŏɟ żȀŏɯɯǞ˙ƚɟɯࡏ

ߣ

io::*:*.



χ͖ͻθͱ̥ ͻΎϑ͖ϻ˨ϑ͖;͇ ̥Ѕ˨ͻθͱ̥

_ȩɟ ƚŏżǕ ȀǞȘƚŏɟ żȀŏɯɯǞ˙ƚɟ !βࡈ ŏƇƇ ŏ Șƚʶ ,ߜ ߝ ǀƚŏɾʕɟƚ ǀȩɟ ƚʲƚɟʿ
ƚʾŏȒɔȀƚ !̋ = ,ߜʺ] [ߝʺ ƇƚɔƚȘƇǞȘǃ ȩȘ ɾǕƚ ɯǞǃȘ ȩǀ 〈!̋, !β〉ࡏ
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χ͖ͻθͱ̥ ͻΎϑ͖ϻ˨ϑ͖;͇ ̥Ѕ˨ͻθͱ̥
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ßʕƚɯɾǞȩȘࡇ �ǀɾƚɟ Ƈŏɾŏ ɾɟŏȘɯǀȩɟȒŏɾǞȩȘࡈ Ǖȩʶ ɯǕȩʕȀƇ ʶƚ Ȓŏɔ ŏ
Șƚʶ ʲƚżɾȩɟɯ !ʑ ɾȩ ŏ żȀŏɯɯ ȀŏųƚȀࡐ
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χ͖ͻθͱ̥ ͻΎϑ͖ϻ˨ϑ͖;͇ ̥Ѕ˨ͻθͱ̥

°ʕɟ ȒŏżǕǞȘƚ ȀƚŏɟȘǞȘǃ ŏȀǃȩɟǞɾǕȒɯ ȘƚƚƇɯ ɾȩ ȀƚŏɟȘ ɾʶȩ ɾǕǞȘǃɯࡇ

ࡄ ÷Ǖƚ ȩɟǞǃǞȘŏȀ ȀǞȘƚŏɟ ǀʕȘżɾǞȩȘɯ ʶǕǞżǕ ƇǞʲǞƇƚ ȩʕɟ Ƈŏɾŏ ɯƚɾ
ǞȘɾȩ ɟƚǃǞȩȘɯ ɾǕƚǞɟ ɯȀȩɔƚɯ ࣹ ǞȘɾƚɟżƚɔɾɯࡏ

ࡄ �ȘȩɾǕƚɟ ȀǞȘƚŏɟ ǀʕȘżɾǞȩȘ ʶǕǞżǕ Ȓŏɔɯ ȩʕɟ Șƚʶ ǀƚŏɾʕɟƚɯ ɾȩ
ŏȘ ȩʕɾɔʕɾ ȀŏųƚȀ ɾʿɔǞżŏȀȀʿ ųʿ ɾǕɟƚɯǕȩȀƇǞȘǃࡏ

ߜߝ

-

\

Solved by 2 .lezer neu ra l n e t .



θΎχχ͖̊ͱ̥ ͻΎ̙̥ͱ

vȘɔʕɾࡇ !̋ = ,ߝʺ . . . , ʺ�s
�ȩƇƚȀࡇ ƿ(!̋,Θ)ࡇ

ࡄ !̍k ∈ R�k = Ħk!̋ + !ųǔࡏ
ࡄ !ʑk = [!̍k > [ߜ
ࡄ ˈª ∈ R = Ħª!ʑk + ųª
ࡄ ʑª = [ˈª > [ߜ

ÚŏɟŏȒƚɾƚɟɯࡇ Θ = [Ħk ∈ R�k×�s ,!ųk ∈ R�k ,Ħª ∈ Rߝ×�k ,ųª ∈ R]ࡏ

Ħkࡈ Ħª ŏɟƚ ʶƚǞǃǕɾ ȒŏɾɟǞżƚɯ ŏȘƇ !ųkࡈ ųª ŏɟƚ ųǞŏɯ ɾƚɟȒɯ ɾǕŏɾ
ŏżżȩʕȘɾ ǀȩɟ ɾǕƚ ǞȘɾƚɟżƚɔɾɯ ȩǀ ȩʕɟ ȀǞȘƚŏɟ ǀʕȘżɾǞȩȘɯࡏ

ߝߝ

=
( T ) H e = "number o f input feature"

O : "output"
D - I t . -"hidden"
O H y = "number o f hidden

tea!¥%§- - → b i a s features"

- ¥
find { =

- '/]¥:*' , -
u m

- - - - -

-

[ W I l WI, l . . 1 Wo I b a l b ]



θΎχχ͖̊ͱ̥ ͻΎ̙̥ͱ

°ʕɟ ȒȩƇƚȀ Ǟɯ ǀʕȘżɾǞȩȘ ƿ ʶǕǞżǕ ȒŏǺƚɯ !̋ ɾȩ ŏ żȀŏɯɯ ȀŏųƚȀ ʑªߝࡏ

÷ǕǞɯ Ǟɯ żŏȀȀƚƇ ŏ ȒʕȀɾǞȀŏʿƚɟࢅ ɔƚɟżƚɔɾɟȩȘࡇࢆ ȩȘƚ ȩǀ ɾǕƚ ȩȀƇƚɯɾ
ɾʿɔƚɯ ȩǀ ȘƚʕɟŏȀ Șƚɾɯࡏ 4ŏɾƚɯ ųŏżǺ ɾȩ _ɟŏȘǺ áȩɯƚȘųȀŏɾɾ ǀɟȩȒ ߤߡߥߝ
ࡄ �ʕȒųƚɟ ȩǀ ǞȘɔʕɾ ʲŏɟǞŏųȀƚɯ �s =
ࡄ �ʕȒųƚɟ ȩǀ ǕǞƇƇƚȘ ʲŏɟǞŏųȀƚɯ �k =

ࡄ �ʕȒųƚɟ ȩǀ ǕǞƇƇƚȘ ʲŏɟǞŏųȀƚɯ �ª =
ȩɟ_ߝ ɟƚǃɟƚɯɯǞȩȘࡈ ʶȩʕȀƇ żʕɾ ȩǀǀ ŏɾ ˈª ɾȩ ǃƚɾ żȩȘɾǞȘʕȩʕɯ ȩʕɾɔʕɾࡏ

ߞߝ

.¥÷.

•
889:

" '"I:*:*.
%-bae ,

WH-¥§⇒

3 C#columns i n w i t )

£€§
I l # r o o , i n U a )
1



θΎχχ͖̊ͱ̥ ͻΎ̙̥ͱ

°ʕɟ ȒȩƇƚȀ Ǟɯ ǀʕȘżɾǞȩȘ ƿ ʶǕǞżǕ Ȓŏɔɯ !̋ ɾȩ ŏ żȀŏɯɯ ȀŏųƚȀ ʑªࡏ

÷ɟŏǞȘǞȘǃ ɾǕƚ ȒȩƇƚȀࡇ

ࡄ +Ǖȩȩɯƚ ŏ Ȁȩɯɯ ǀʕȘżɾǞȩȘ �(ƿ(!̋,Θ), ʻ)ࡏ
ࡄ _ǞȘƇ ȩɔɾǞȒŏȀ ɔŏɟŏȒƚɾƚɟɯࡇ Θ∗ = ŏɟǃȒǞȘΘ

∑ȗ
ǝ=ߝ �(ƿ(!̋ǝ,Θ), ʻǝ)

mȩʶ ɾȩ ˙ȘƇ ȩɔɾǞȒŏȀ ɔŏɟŏȒƚɾƚɟɯࡐ ߟߝ

H I . H H t H y .N o

O O
•
• • o o o o
8

q t
1 7 cross-entropy

descent

g - =

-



͖͂;˨ͱ ͻΎ̙̥ͱ

� Ȓȩɟƚ ɾʿɔǞżŏȀ ȒȩƇƚȀ ʕɯƚɯ ɯȒȩȩɾǕƚɟ ŏżɾǞʲŏɾǞȩȘ ǀʕȘżɾǞȩȘɯࡈ ŏǺŏ
ȘȩȘࡷȀǞȘƚŏɟǞɾǞƚɯࡈ ʶǕǞżǕ ŏɟƚ Ȓȩɟƚ ŏȒƚȘŏųȀƚ ɾȩ żȩȒɔʕɾǞȘǃ ǃɟŏƇǞƚȘɾɯࡏ
Cࡏǃࡏ ʶƚ ȒǞǃǕɾ ʕɯƚ ɾǕƚ ɯǞǃȒȩǞƇ ǀʕȘżɾǞȩȘ ǂ = ߝ

ʺ−ƙ+ߝ ࡏ

ࡄ Ćɯƚ żɟȩɯɯࡷƚȘɾɟȩɔʿ Ȁȩɯɯࡇ

�(ƿ(!̋ǝ,Θ), ʻ) = −ʻ Ȁȩǃ(ƿ(!̋ǝ,Θ))− −ߝ) ʻ) Ȁȩǃ(ߝ− ƿ(!̋ǝ,Θ))

ࡄ Ħƚ ʶǞȀȀ ƇǞɯżʕɯɯ Ȁŏɾƚɟ ƚʾŏżɾȀʿ Ǖȩʶ ɾȩ żȩȒɔʕɾƚ ǃɟŏƇǞƚȘɾɯࡏ
ࡄ ĦǞȀȀ ŏȀɯȩ ƇǞɯżʕɯɯ żŏɾƚǃȩɟǞżŏȀ żɟȩɯɯࡷƚȘɾɟȩɔʿࡕɯȩǀɾȒŏʾ Ȁȩɯɯ ǀȩɟ
ȒʕȀɾǞࡷżȀŏɯɯ ɔɟȩųȀƚȒɯࡏ ߠߝ

i . . - - - - -

←f i x ) § §
n o t a c lass
l a w

n o w : some#between
O a n d L

#



͖͂;˨ͱ ͻΎ̙̥ͱ

vȘɾʕǞɾǞʲƚȀʿ ɯʶǞɾżǕǞȘǃ ɾȩ ŏ ɯǞǃȒȩǞƇ ŏżɾǞʲŏɾǞȩȘ Ǟɯ Șȩɾ ɾǕŏɾ
ƇǞǀǀƚɟƚȘɾ ǀɟȩȒ ʕɯǞȘǃ ɾǕƚ ɯɾƚɔ ǀʕȘżɾǞȩȘߞࡏ

ëȩȒƚɾǞȒƚɯߞ żŏȀȀƚƇ ɾǕƚ mƚŏʲǞɯǞƇƚࢅ ɯɾƚɔ ǀʕȘżɾǞȩȘࢆ ǞȘ ȒŏżǕǞȘƚ ȀƚŏɟȘǞȘǃࡏ

ߡߝ

I- .Go,x , ] → s o , l , l , 0 3
→ f .o l , .9 ,-95,.063

← a n



͑Іθ̥ξθ˨ξ˨ͻ̥ϑ̥ξχ

÷ǕǞȘǃɯ ʶƚ żŏȘ żǕŏȘǃƚ ǞȘ ɾǕǞɯ ųŏɯǞż żȀŏɯɯǞ˙żŏɾǞȩȘ ȘƚɾʶȩɟǺࡇ

ࡄ �ȩɟƚ ȩɟ Ȁƚɯɯ ǕǞƇƇƚȘ ʲŏɟǞŏųȀƚɯࡏ
ࡄ Ħƚ żȩʕȀƇ ŏƇƇ Ȓȩɟƚ Ȁŏʿƚɟɯࡏ
ࡄ 4ǞǀǀƚɟƚȘɾ ȘȩȘࡷȀǞȘƚŏɟǞɾʿࡕŏżɾǞʲŏɾǞȩȘ ǀʕȘżɾǞȩȘࡏ
ࡄ 4ǞǀǀƚɟƚȘɾ Ȁȩɯɯ ǀʕȘżɾǞȩȘ Ȓȩɟƚ ȩȘ ɾǕŏɾ Șƚʾɾ żȀŏɯɯࡏ

ߢߝ

I
-

I@ratio:*.'t



ϑ̥χϑ ІΎϟξ ͖;ϑϟ͖ϑ͖Ύ;

mȩʶ ȒŏȘʿ ǕǞƇƇƚȘ ʲŏɟǞŏųȀƚɯ ࡏǃࡏƚ ɯɔȀǞɾɾǞȘǃ ǕʿɔƚɟɔȀŏȘƚɯ ʶȩʕȀƇ
ųƚ ȘƚƚƇƚƇ ɾȩ żȀŏɯɯǞǀʿ ɾǕǞɯ Ƈŏɾŏɯƚɾ żȩɟɟƚżɾȀʿࡐ

êêÜãϓϟϟÜÂ�ā¨ßÐïÉ�ϙê�ÉãÐß§ÂÐûϙÐß¨ϟ

ߣߝ

x .o

C i ,0 3 ? i t / , C l ,1 3
←

y....§ ?← → Co,i s
c o ,o ]

~

① AAf o .

https://playground.tensorflow.org/


ϑ̥χϑ ІΎϟξ ͖;ϑϟ͖ϑ͖Ύ;

ߤߝ



;Ύϑ˨ϑ͖Ύ;

�ȘȩɾǕƚɟ żȩȒȒȩȘ ƇǞŏǃɟŏȒ ǀȩɟ ŏ ȀŏʿƚɟƚƇࡷߞ ȘƚɾʶȩɟǺࡇ

ߥߝ



;Ύϑ˨ϑ͖Ύ;

�ƚʕɟŏȀ ȘƚɾʶȩɟǺ ȒŏɾǕࡇ

ߜߞ



;Ύϑ˨ϑ͖Ύ;

mȩʶ ɾȩ ǞȘɾƚɟɔɟƚɾࡇ

Ħk ŏȘƇ Ħª ŏɟƚ ȩʕɟ ʶƚǞǃǕɾ ȒŏɾɟǞżƚɯ ǀɟȩȒ ųƚǀȩɟƚࡏ

�ȩɾƚࡇ ÷ǕǞɯ ƇǞŏǃɟŏȒ Ƈȩƚɯ Șȩɾ ƚʾɔȀǞżǞɾȀʿ ɯǕȩʶ ɾǕƚ ųǞŏɯ ɾƚɟȒɯ ȩɟ
ɾǕƚ ȘȩȘࡷȀǞȘƚŏɟǞɾ ʿࡏ ߝߞ



;Ύϑ˨ϑ͖Ύ;

mȩʶ ɾȩ ǞȘɾƚɟɔɟƚɾࡇ

Ħk ŏȘƇ Ħª ŏɟƚ ȩʕɟ ʶƚǞǃǕɾ ȒŏɾɟǞżƚɯ ǀɟȩȒ ųƚǀȩɟƚࡏ

�ȩɾƚࡇ ÷ǕǞɯ ƇǞŏǃɟŏȒ ƇƚɔǞżɾɯ ŏ ȘƚɾʶȩɟǺ ʶǞɾǕ ࢆżȩȘȘƚżɾƚƇࡷǀʕȀȀʿࢅ
Ȁŏʿƚɟɯࡏ ߞߞ



̐Ύ;;̥̐ϑ͖Ύ; ϑΎ ͖̊ΎͱΎ͇І

ëǞȒɔȀǞ˙ƚƇ ȒȩƇƚȀ ȩǀ ɾǕƚ ųɟŏǞȘࡇ
4ƚȘƇɟǞɾƚɯࡇ vȘɔʕɾ ƚȀƚżɾɟǞżŏȀ
żʕɟɟƚȘɾ ǀɟȩȒ ȩɾǕƚɟ ȘƚʕɟȩȘɯࡏ
�ʾȩȘࡇ °ʕɾɔʕɾ ƚȀƚżɾɟǞżŏȀ żʕɟɟƚȘɾ
ɾȩ ȩɾǕƚɟ ȘƚʕɟȩȘɯࡏ
ëʿȘŏɔɯƚࡇ ĦǕƚɟƚ ɾǕƚɯƚ ɾʶȩ
żȩȘȘƚżɾࡏ

� ȘƚʕɟȩȘ ࢆɟƚɯ˙ࢅ ȩʕɾɔʕɾɯ ŏ ȘȩȘࡷˌƚɟȩ ƚȀƚżɾɟǞż żǕŏɟǃƚ Ǟǀ Ǟɾ ɟƚżƚǞʲƚɯ
ƚȘȩʕǃǕ żʕȒʕȀŏɾǞʲƚ ƚȀƚżɾɟǞżŏȀ ǞȘɔʕɾ ǀɟȩȒ ɾǕƚ ȘƚʕɟȩȘɯ żȩȘȘƚżɾƚƇ ɾȩ Ǟɾࡏ

°ʕɾɔʕɾ żǕŏɟǃƚ żŏȘ ųƚ ɔȩɯǞɾǞʲƚ ȩɟ ȘƚǃŏɾǞʲƚ ƚʾżǞɾŏɾȩɟʿ ʲɯࡏ ǞȘǕǞųǞɾȩɟʿࡏ
ߟߞ



̐Ύ;;̥̐ϑ͖Ύ; ϑΎ ͖̊ΎͱΎ͇І

vȘɯɔǞɟƚƇ ƚŏɟȀʿ ʶȩɟǺ ȩȘ ȘƚʕɟŏȀ ȘƚɾʶȩɟǺɯࡇ

ࡄ ɯߜߠߥߝ 4ȩȘŏȀƇ mƚųų ɔɟȩɔȩɯƚƇ ŏ mƚųųǞŏȘ ȀƚŏɟȘǞȘǃ ɟʕȀƚ ǀȩɟ
Ǖȩʶ ųɟŏǞȘɯ ȘƚʕɟȩȘɯ żǕŏȘǃƚ ȩʲƚɟ ɾǞȒƚ ɾȩ ŏȀȀȩʶ ȀƚŏɟȘǞȘǃࡏ

ࡄ ɯߜߡߥߝ _ɟŏȘǺ áȩɯƚȘųȀŏɾɾ࢈ɯ ÚƚɟżƚɔɾɟȩȘ Ǟɯ ȩȘƚ ȩǀ ɾǕƚ ˙ɟɯɾ
ࢆŏɟɾǞ˙żŏȀࢅ ȘƚʕɟŏȀ ȘƚɾʶȩɟǺɯࡏ

ࡄ +ȩȘɾǞȘʕƚƇ ʶȩɟǺ ɾǕɟȩʕǃǕȩʕɾ ɾǕƚ ࡏɯߜߢߥߝ

�ŏǞȘ Ǟɯɯʕƚ ʶǞɾǕ ȘƚʕɟŏȀ ȘƚɾʶȩɟǺ ȒƚɾǕȩƇɯࡇ ÷Ǖƚʿ ŏɟƚ ǕŏɟƇ ɾȩ
ɾɟŏǞȘࡏ bƚȘƚɟŏȀȀʿ ɟƚɛʕǞɟƚ ŏ Ȁȩɾ ȩǀ żȩȒɔʕɾŏɾǞȩȘ ɔȩʶƚɟࡏ �Ȁɯȩ ɔɟƚɾɾʿ
˙ȘǞżǺʿࡇ ʕɯƚɟ ȘƚƚƇɯ ɾȩ ųƚ żŏɟƚǀʕȀ ʶǞɾǕ ǞȘǞɾǞŏȀǞˌŏɾǞȩȘࡈ
ɟƚǃʕȀŏɟǞˌŏɾǞȩȘࡈ ƚɾżࡏ ʶǕƚȘ ɾɟŏǞȘǞȘǃࡏ °ǀɾƚȘ ɟƚɛʕǞɟƚɯ ŏ Ȁȩɾ ȩǀ
ƚʾɔƚɟǞȒƚȘɾŏɾǞȩȘ ɾȩ ǃƚɾ ɟǞǃǕɾࡏ

ߠߞ



̥˨ξͱІ ;̥ϟξ˨ͱ ;̥ϑϾΎξͬ ̥ЅθͱΎχ͖Ύ;

�ɟȩʕȘƇ ߡߤߥߝ ŏ ǀƚʶ ǃɟȩʕɔɯ ƇǞɯżȩʲƚɟƚƇࡷɟƚ ɾǕƚ ųŏżǺɔɟȩɔŏǃŏɾǞȩȘ
ŏȀǃȩɟǞɾǕȒ ʶǕǞżǕ ŏȀȀȩʶɯ ǀȩɟ ƚǀ˙żǞƚȘɾ ɾɟŏǞȘǞȘǃ ȩǀ ȘƚʕɟŏȀ Șƚɾɯ ʲǞŏ
ǃɟŏƇǞƚȘɾ ƇƚɯżƚȘɾࡏ �ȀȩȘǃ ʶǞɾǕ ǞȘżɟƚŏɯƚƇ żȩȒɔʕɾŏɾǞȩȘŏȀ ɔȩʶƚɟ
ɾǕǞɯ ȀƚŏƇ ɾȩ ŏ ɟƚɯʕɟǃƚȘżƚ ȩǀ ǞȘɾƚɟƚɯɾ ǞȘ ȘƚʕɟŏȀ ȘƚɾʶȩɟǺ ȒȩƇƚȀɯࡏ

bȩȩƇ ɔƚɟǀȩɟȒŏȘżƚ ȩȘ ɔɟȩųȀƚȒɯ ȀǞǺƚ ƇǞǃǞɾ ɟƚżȩǃȘǞɾǞȩȘࡏ
ߡߞ



;̥ϟξ˨ͱ ;̥ϑϾΎξͬ ̙̥̐ͱ͖;̥

vȘ ɾǕƚ ɯߜߥߥߝ ŏȘƇ ƚŏɟȀʿ ࡈɯߜߜߜߞ ǺƚɟȘƚȀ ȒƚɾǕȩƇɯࡈ ëģ�ɯࡈ ŏȘƇ
ɔɟȩųŏųǞȀǞɯɾǞż ȒƚɾǕȩƇɯ ųƚǃŏȘ ɾȩ ƇȩȒǞȘŏɾƚ ɾǕƚ ȀǞɾƚɟŏɾʕɟƚ ǞȘ
ȒŏżǕǞȘƚ ȀƚŏɟȘǞȘǃࡇ

ࡄ ĦȩɟǺ ʶƚȀȀ ȩʕɾࢅ ȩǀ ɾǕƚ ųȩʾࡏࢆ
ࡄ áƚȀŏɾǞʲƚȀʿ ƚŏɯʿ ɾȩ ʕȘƇƚɟɯɾŏȘƇ ɾǕƚȩɟƚɾǞżŏȀȀ ʿࡏ
ࡄ �ȩɾ ɾȩȩ żȩȒɔʕɾŏɾǞȩȘŏȀȀʿ ƚʾɔƚȘɯǞʲƚ ǀȩɟ ȒȩƇƚɟŏɾƚȀʿ ɯǞˌƚƇ
Ƈŏɾŏɯƚɾɯࡏ

_ʕȘ ųȀȩǃ ɔȩɯɾ ɾȩ żǕƚżǺ ȩʕɾ ǀɟȩȒ ࡇߡߜߜߞ
êêÜϓϟϟā�ßÐãÂ�úú�ϙ�ÂÐ¨ãÜÐêϙ�ÐÈϟ΅ϟϟ
êß�É�ãϾ°ÉϾÈ��°É�ϾÂ��ßÉ°É¨Ͼ���Ðß�°É¨ϙêÈÂ

ߢߞ

http://yaroslavvb.blogspot.com/2005/12/trends-in-machine-learning-according.html
http://yaroslavvb.blogspot.com/2005/12/trends-in-machine-learning-according.html


;̥ϟξ˨ͱ ;̥ϑϾΎξͬ ̙̥̐ͱ͖;̥

_ǞȘƇǞȘǃ ɾɟƚȘƇɯ ǞȘ ȒŏżǕǞȘƚ ȀƚŏɟȘǞȘǃ ųʿ ɯƚŏɟżǕ ɔŏɔƚɟɯ ǞȘ bȩȩǃȀƚ ëżǕȩȀŏɟ ɾǕŏɾ
ȒŏɾżǕ ŏ żƚɟɾŏǞȘ ǺƚʿʶȩɟƇࡇ

ߣߞ



ͻΎ̙̥ξ; ;̥ϟξ˨ͱ ;̥ϑϾΎξͬχ

áƚżƚȘɾ ɯɾŏɾƚࡷȩǀࡷɾǕƚࡷŏɟɾ ɟƚɯʕȀɾɯ ǞȘ ǃŏȒƚ ɔȀŏʿǞȘǃࡈ ǞȒŏǃƚ
ɟƚżȩǃȘǞɾǞȩȘࡈ żȩȘɾƚȘɾ ǃƚȘƚɟŏɾǞȩȘࡈ ȘŏɾʕɟŏȀ ȀŏȘǃʕŏǃƚ ɔɟȩżƚɯɯǞȘǃࡈ
ȒŏżǕǞȘƚ ɾɟŏȘɯȀŏɾǞȩȘࡈ ȒŏȘʿ ȩɾǕƚɟ ŏɟƚŏɯࡏ

ߤߞ



ͻΎ̙̥ξ; ;̥ϟξ˨ͱ ;̥ϑϾΎξͬχ

�ȀȀ żǕŏȘǃƚƇ ʶǞɾǕ ɾǕƚ ǞȘɾɟȩƇʕżɾǞȩȘ ȩǀ �Ȁƚʾ�ƚɾ ŏȘƇ ɾǕƚ ߞߝߜߞ
vȒŏǃƚ�ƚɾ +ǕŏȀȀƚȘǃƚࡏࡏࡏ

ߥߞ



ͻΎ̙̥ξ; ;̥ϟξ˨ͱ ;̥ϑϾΎξͬχ

�ȀȀ żǕŏȘǃƚƇ ʶǞɾǕ ɾǕƚ ǞȘɾɟȩƇʕżɾǞȩȘ ȩǀ �Ȁƚʾ�ƚɾ ŏȘƇ ɾǕƚ ߞߝߜߞ vȒŏǃƚ�ƚɾ
+ǕŏȀȀƚȘǃƚࡏࡏࡏ

ߜߝߜߞ áƚɯʕȀɾɯ

ߞߝߜߞ áƚɯʕȀɾɯ
ߜߟ



ͻΎ̙̥ξ; ;̥ϟξ˨ͱ ;̥ϑϾΎξͬχ

ĦǕʿ ࡐߞߝߜߞ

ࡄ +Ȁƚʲƚɟ ǞƇƚŏɯ ǞȘ żǕŏȘǃǞȘǃ ȘƚʕɟŏȀ ȘƚɾʶȩɟǺ ŏɟżǕǞɾƚżɾʕɟƚɯࡏ
ࡄ ĦǞƇƚࡷɯɔɟƚŏƇ ŏżżƚɯɯ ɾȩ bÚĆ żȩȒɔʕɾǞȘǃ ɔȩʶƚɟ �Ć4+ ŏȘƇ
ɔʕųȀǞżȀʿ ŏʲŏǞȀŏųȀƚ �ʲǞƇǞŏ bÚĆ ˙ɟɯɾ ɟƚȀƚŏɯƚƇ ǞȘ ࡏߣߜߜߞ

ߝߟ



ߥߝߜߞ ϑϟξ͖;͇ ˨Ͼ˨ξ̙ Ͼ͖;;̥ξχ

ȩɟ_ࢅ żȩȘżƚɔɾʕŏȀ ŏȘƇ ƚȘǃǞȘƚƚɟǞȘǃ ųɟƚŏǺɾǕɟȩʕǃǕɯ ɾǕŏɾ Ǖŏʲƚ ȒŏƇƚ
Ƈƚƚɔ ȘƚʕɟŏȀ ȘƚɾʶȩɟǺɯ ŏ żɟǞɾǞżŏȀ żȩȒɔȩȘƚȘɾ ȩǀ żȩȒɔʕɾǞȘǃࢆࡏ

ߞߟ



ϟχ̥ Ύϟϑχ͖̙̥ Ύ͂ ̐Ύͻθϟϑ̥ξ χ͖̥̐;̥̐

�ƚʕɟŏȀ ȘƚɾʶȩɟǺɯ ŏɟƚ ˚ƚʾǞųȀƚ ŏȘƇ ɟƚȀŏɾǞʲƚȀʿ ƚŏɯʿ ɾȩ ʕȘƇƚɟɯɾŏȘƇ
żȩȘżƚɔɾʕŏȀȀ ʿࡈ ɯȩ ɾǕƚʿ ŏɟƚ ŏȀɯȩ ǕŏʲǞȘǃ ǞȒɔŏżɾ ǞȘ ŏɔɔȀǞżŏɾǞȩȘ ŏɟƚŏɯ
ȩʕɾɯǞƇƚ ȩǀ żȩȒɔʕɾƚɟ ɯżǞƚȘżƚࡏ

áƚɯƚŏɟżǕƚɟɯ ʶȩɟǺǞȘǃ ǞȘ ɾǕƚ ȒƚƇǞżǞȘƚࡈ ȘŏɾʕɟŏȀ ɯżǞƚȘżƚɯࡈ ƚȘǃǞȘƚƚɟǞȘǃࡈ
ƚɾżࡏ ŏɟƚ ǕŏʲǞȘǃ ŏ Ȁȩɾ ȩǀ ȀʕżǺ ǞȒɔȀƚȒƚȘɾǞȘǃ ŏȘƇ ŏɔɔȀʿǞȘǃ ɾǕƚɯƚ
ȒȩƇƚȀɯ ɾȩ ɾǕƚǞɟ Ƈŏɾŏ ɔɟȩųȀƚȒɯࡏ ߟߟ


