
+ëࡷĆĮ ࡇߟߢߡߠ �ƚżɾʕɟƚ ߞߝ
Ǻࡷ�ƚŏɟƚɯɾ �ƚǞǃǕųȩɟɯࡈ �ƚɟȘƚȀ �ƚɾǕȩƇɯ

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

ߝ



̐Ύϟξχ̥ ˨̙ͻ͖;

ࡄ �ŏų ߠ Ƈʕƚ ȩȘ _ɟǞƇŏ ʿࡈ ŏɾ ࡏɔȒߥߡࡇߝߝ áƚɛʕǞɟƚɯ żȩɟɟƚżɾ ɯȩȀʕɾǞȩȘ
ɾȩ mĦࡈߟ ÚɟȩųȀƚȒ ࡏߞ v ʶǞȀȀ ɔȩɯɾ ɾǕǞɯ ŏǀɾƚɟ żȀŏɯɯࡏ

ࡄ ëǕȩɟɾ Ȁŏų ȩȘ bɟŏƇǞƚȘɾ 4ƚɯżƚȘɾ ʶǞȀȀ ųƚ ɟƚȀƚŏɯƚƇ ɯȩȩȘ ŏȘƇ
Ƈʕƚ ŏǀɾƚɟ ųɟƚŏǺࡏ

ࡄ ĆɔżȩȒǞȘǃ Ȁŏųɯ ǞȘʲȩȀʲƚ ǞȒŏǃƚ Ƈŏɾŏ ŏȘƇ ɟƚɛʕǞɟƚ Ȓȩɟƚ
ɔɟȩǃɟŏȒȒǞȘǃࡏ �ŏƇƚ ʕɔ ʶǞɾǕ ȀǞǃǕɾƚɟ ʶɟǞɾɾƚȘ ǕȩȒƚʶȩɟǺࡏ

ߞ



̐Ύϟξχ̥ θξΎ̥ͩ̐ϑ

$ɟƚŏǺ Ǟɯ ŏ ǃɟƚŏɾ ɾǞȒƚ ɾȩ ɯɾŏɟɾ ȒʕȀȀǞȘǃ ȩʲƚɟ ǞƇƚŏɯ ǀȩɟ ʿȩʕɟ
żȩʕɟɯƚ ɔɟȩǲƚżɾࡋ 4ƚɾŏǞȀɯ ǞȘ ÜßÐ¼��êϡ¨ï°��Â°É�ãϙÜ�§ࡏ

ࡏߝ _ǞȘƇ ȩɟ żȩȀȀƚżɾ ŏ Ƈŏɾŏ ɯƚɾࡏ
ࡏߞ �ɯǺ ŏ ɛʕƚɯɾǞȩȘ ȩɟ ɾʶȩ ŏųȩʕɾ ɾǕƚ Ƈŏɾŏ ɯƚɾ ʶǕǞżǕ żŏȘ
ɔȩɯɯǞųȀʿ ųƚ ŏȘɯʶƚɟƚƇ ʶǞɾǕ ȒŏżǕǞȘƚ ȀƚŏɟȘǞȘǃࡏ

ࡏߟ �ɔɔȀʿ ɾȩȩȀɯ ŏȘƇ ɾƚżǕȘǞɛʕƚɯ ȀƚŏɟȘƚƇ ǞȘ ɾǕƚ żȀŏɯɯ ɾȩ
ŏȘɯʶƚɟǞȘǃ ɾǕŏɾ ɛʕƚɯɾǞȩȘࡏ

ߟ



̐Ύϟξχ̥ θξΎ̥ͩ̐ϑ

ࡄ �ʕɯɾ ʶȩɟǺ ǞȘ ǃɟȩʕɔɯ ȩǀ ࡏߞ +ȩȩɟƇǞȘŏɾƚ ȩʲƚɟ ÚǞŏˌˌŏ Ǟǀ ȀȩȩǺǞȘǃ
ǀȩɟ ŏ ɔŏɟɾȘƚɟࡏ

ࡄ �Șʿ Ƈŏɾŏ ɯƚɾ ȩɟ ɾȩɔǞż Ǟɯ ŏȀȀȩʶƚƇࡈ ųʕɾ ʿȩʕȩ ɯǕȩʕȀƇ Șȩɾ
ɟƚɔɟȩƇʕżƚ ŏȘ ŏȘŏȀʿɯǞɯ ɾǕŏɾ Ǖŏɯ ŏȀɟƚŏƇʿ ųƚƚȘ ƇȩȘƚࡋ �ɯǺ ŏ
Șƚʶ ɛʕƚɯɾǞȩȘ ȩɟ ɾŏǺƚ ŏ Șƚʶ ŏɔɔɟȩŏżǕࡏ

ࡄ ÷ŏȀǺ ɾȩ Ȓƚ ȩɟ ɾǕƚ ɯ࢈�÷ ƚŏɟȀʿ Ǟǀ ʿȩʕ ŏɟƚ ɯɾʕżǺ ȩȘ żȩȒǞȘǃ ʕɔ
ʶǞɾǕ ŏȘ ǞƇƚŏࡈ ȩɟ ȘƚƚƇ ǕƚȀɔ ȘŏɟɟȩʶǞȘǃ ƇȩʶȘ ȩɔɾǞȩȘɯࡏ

ߠ



̐Ύϟξχ̥ θξΎ̥ͩ̐ϑ

ࡈߝࡕߠ +Ǖȩȩɯƚ Úɟȩǲƚżɾ ÚŏɟɾȘƚɟ ŏȘƇ ÷ȩɔǞżࡏ CȒŏǞȀ Ȓƚࡏ

ࡈߤࡕߠࡷߢࡕߠࡈߞࡕߠ ëżǕƚƇʕȀƚ �ŏȘƇŏɾȩɟʿ �ƚƚɾǞȘǃࡏ +ȀŏǞȒ ŏ ɾǞȒƚࡷɯȀȩɾ
ǞȘ ɾǕƚ bȩȩǃȀƚ 4ȩż ȀǞȘǺƚƇ ǞȘ ɾǕƚ ɔɟȩǲƚżɾ ǞȘǀȩɟȒŏɾǞȩȘ ƇȩżʕȒƚȘɾࡏ

ࡈߟߝࡕߠ Úɟȩǲƚżɾ ÚɟȩɔȩɯŏȀ 4ʕƚࡏ ߞ Úŏǃƚɯࡏ �ƚƚƇ ɾȩ Ǖŏʲƚ Ƈŏɾŏɯƚɾ
˙ȘŏȀǞˌƚƇࡋ

ࡈߢࡕߡ ࡈߝߝࡕߡ Úɟȩǲƚżɾ ÚɟƚɯƚȘɾŏɾǞȩȘɯ ǞȘ +Ȁŏɯɯࡏ ߡ �ǞȘʕɾƚɯࡏ

ࡈߝߝࡕߡ _ǞȘŏȀ áƚɔȩɟɾ 4ʕƚ ࣹߠ Úŏǃƚɯࡏ

ߡ



θξΎ̥ͩ̐ϑ ϑ͖θχ

�ȩȩǺ ŏɾ ʿȩʕɟ Ƈŏɾŏࡋ ÚȀȩɾ ǀƚŏɾʕɟƚɯࡈ ƚʾŏȒǞȘƚ ǀʕȀȀ ƚʾŏȒɔȀƚɯࡈ ȀȩȩǺ
ǀȩɟ ȒǞɯɯǞȘǃ Ƈŏɾŏ ȩɟ ǞȘżȩȘɯǞɯɾƚȘżǞƚɯࡏ

ëɾŏɟɾ ɯȒŏȀȀࡏ ÷ƚɯɾ ŏȘƇ Ƈƚųʕǃ żȩƇƚ ȩȘ ŏ ɯȒŏȀȀ ɯʕųɯƚɾ ȩǀ ʿȩʕɟ
Ƈŏɾŏ ųƚǀȩɟƚ ɟʕȘȘǞȘǃ ȩȘ ɾǕƚ ʶǕȩȀƚ ɾǕǞȘǃࡏ

ëɾŏɟɾ ɯǞȒɔȀƚࡏ ÷ɟʿ ɾǕƚ ɯǞȒɔȀƚɯɾ ȒƚɾǕȩƇɯ ˙ɟɯɾࡏ �ǞȘƚŏɟ ɟƚǃɟƚɯɯǞȩȘࡈ
ȘŏǞʲƚ $ŏʿƚɯࡈ ƚɾżࡏ CʲƚȘ ɯǞȒɔȀƚɟࡇ ǀȩɟ ɟƚǃɟƚɯɯǞȩȘࡈ ɔɟƚƇǞżɾ ʕɯǞȘǃ
ȒƚŏȘ(!̒)ࡏ _ȩɟ żȀŏɯɯǞ˙żŏɾǞȩȘ ɔɟƚƇǞżɾ ʕɯǞȘǃ Ȓŏʾ!̒ ɾǕƚ Ȓȩɯɾ
żȩȒȒȩȘ ȀŏųƚȀࡏ Įȩʕ ȘƚƚƇ ɾȩ ƇƚʲƚȀȩɔ ŏ ųŏɯƚȀǞȘƚ ɾȩ żȩȒɔŏɟƚ
ʿȩʕɟ ȒƚɾǕȩƇɯ ŏǃŏǞȘɯɾࡏ

ߢ



ǹࡷ;̥˨ξ̥χϑ ;̥͖͇͑̊Ύξ ͻ̥ϑ͑Ύ̙

ǹࡷ�� ŏȀǃȩɟǞɾǕȒࡇ ŏ ɯǞȒɔȀƚ ųʕɾ ɔȩʶƚɟǀʕȀ ųŏɯƚȀǞȘƚ ǀȩɟ
żȀŏɯɯǞ˙żŏɾǞȩȘࡏ

÷ɟŏǞȘǞȘǃ Ƈŏɾŏࡇ ,ߝ̋!) ʻߝ), . . . , (!̋ȗ, ʻȗ) ʶǕƚɟƚ ʻߝ, . . . , ʻȗ ∈ ,ߝ} . . . ,ɗ}ࡏ

+ȀŏɯɯǞ˙żŏɾǞȩȘ ŏȀǃȩɟǞɾǕȒࡇ

bǞʲƚȘ Șƚʶ ǞȘɔʕɾ !̋ȗƙʲࡈ

ࡄ +ȩȒɔʕɾƚ ɫǝȑ(!̋ȗƙʲ,!̋ߝ), . . . , ɫǝȑ(!̋ȗƙʲ,!̋ȗ).ߝ

ࡄ �ƚɾ !̋Ǳߝ , . . . ,!̋Ǳǹ ųƚ ɾǕƚ ɾɟŏǞȘǞȘǃ Ƈŏɾŏ ʲƚżɾȩɟɯ ʶǞɾǕ ǕǞǃǕƚɯɾ
ɯǞȒǞȀŏɟǞɾʿ ɾȩ !̋ȗƙʲࡏ

ࡄ ÚɟƚƇǞżɾ ʻȗƙʲ ŏɯ ȑŏǱȧɛǝɺʻ(ʻǱߝ , . . . , ʻǱǹ)ࡏ

ɫǝȑ(!̋ȗƙʲ,!̋ǝ)ߝ Ǟɯ ŏȘʿ żǕȩɯƚȘ ɯǞȒǞȀŏɟǞɾʿ ǀʕȘżɾǞȩȘࡈ ȀǞǺƚ −ߝ ‖!̋ȗƙʲ − !̋ǝ‖ࡏߞ

ߣ

majority(115,005,10,50,6 ,6 ) = 5
- -

- -



ǹࡷ;̥˨ξ̥χϑ ;̥͖͇͑̊Ύξ ͻ̥ϑ͑Ύ̙

ࡄ ëȒŏȀȀƚɟ ǹࡈ Ȓȩɟƚ żȩȒɔȀƚʾ żȀŏɯɯǞ˙żŏɾǞȩȘ ǀʕȘżɾǞȩȘࡏ
ࡄ �ŏɟǃƚɟ ǹࡈ Ȓȩɟƚ ɟȩųʕɯɾ ɾȩ ȘȩǞɯʿ ȀŏųƚȀɯࡏ

ĦȩɟǺɯ ɟƚȒŏɟǺŏųȀʿ ʶƚȀȀ ǀȩɟ ȒŏȘʿ Ƈŏɾŏɯƚɾɯࡏ

ߤ

anew

*!÷±.'.



ͻ;͖χϑ ͖ͻ˨͇̥ ̙˨ϑ˨

CɯɔƚżǞŏȀȀʿ ǃȩȩƇ ǀȩɟ Ȁŏɟǃƚ Ƈŏɾŏɯƚɾɯ ʶǞɾǕ Ȁȩɾɯ ȩǀ ɟƚɔƚɾǞɾǞȩȘࡏ
ĦȩɟǺɯ ʶƚȀȀ ȩȘ ��vë÷ ǀȩɟ ƚʾŏȒɔȀƚࡇ

≈ %ߡߥ �żżʕɟŏżʿ ȩʕɾࡷȩǀࡷɾǕƚࡷųȩʾߞࡏ

�ƚɾ࢈ɯ ȀȩȩǺ ǞȘɾȩ ɾǕǞɯ ƚʾŏȒɔȀƚ ŏ ųǞɾ Ȓȩɟƚࡏࡏࡏ

ŏȘ+ߞ ųƚ ǞȒɔɟȩʲƚƇ ɾȩ %ߡ.ߥߥ ʶǞɾǕ ɯȩȒƚ ɯǞȒɔȀƚ ɾɟǞżǺɯࡋ ߥ



ͻ;͖χϑ ͖ͻ˨͇̥ ̙˨ϑ˨

CŏżǕ ɔǞʾƚȀ Ǟɯ ȘʕȒųƚɟ ǀɟȩȒ ,ߜ] ࡏ[ߝ ߜ Ǟɯ ųȀŏżǺࡈ ߝ Ǟɯ ʶǕǞɾƚࡏ
áƚɔɟƚɯƚȘɾ ×ߤߞ ߤߞ ȒŏɾɟǞʾ ȩǀ ɔǞʾƚȀ ʲŏȀʕƚɯ ŏɯ ŏ ˚ŏɾɾƚȘƚƇ ʲƚżɾȩɟࡏ

ߜߝ

-
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͖;;̥ξ θξΎ̙ϟ̐ϑ χ͖ͻ͖ͱ˨ξ͖ϑІ

bǞʲƚȘ Ƈŏɾŏ ʲƚżɾȩɟɯ !̋, !̡ ∈ RƆࡈ ɾǕƚ ǞȘȘƚɟ ɔɟȩƇʕżɾ 〈!̋, !̡ 〉 Ǟɯ ŏ
ȘŏɾʕɟŏȀ ɯǞȒǞȀŏɟǞɾʿ Ȓƚŏɯʕɟƚࡏ

〈!̋, !̡ 〉 =
Ɔ∑

ǝ=ߝ

!̋[ǝ]!̡ [ǝ] = żȩɯ(θ)‖!̋‖ߞ‖!̡ .ߞ‖

ߝߝ

→
sucker d o t
product

1
laser dot

product



͖;;̥ξ θξΎ̙ϟ̐ϑ χ͖ͻ͖ͱ˨ξ͖ϑІ

+ȩȘȘƚżɾǞȩȘ ɾȩ CʕżȀǞƇƚŏȘ ߞ# 4ǞɯɾŏȘżƚࡇ

‖!̋ − !̡ ߞߞ‖ = ߞߞ‖̋!‖ + ‖!̡ ߞߞ‖ − ,̋!〉ߞ !̡ 〉

_ȩɟ ŏ ɯƚɾ ȩǀ ʲƚżɾȩɟɯ ʶǞɾǕ ɾǕƚ ɯŏȒƚ ȘȩɟȒࡈ ɾǕƚ ɔŏǞɟ ȩǀ ʲƚżɾȩɟɯ
ʶǞɾǕ Ȁŏɟǃƚɯɾ ǞȘȘƚɟ ɔɟȩƇʕżɾ Ǟɯ ɾǕƚ ɔŏǞɟ ʶǞɾǕ ɯȒŏȀȀƚɯɾ CʕżȀǞƇƚŏȘ
ƇǞɯɾŏȘżƚࡏ

ߞߝ

• '

@



͖;;̥ξ θξΎ̙ϟ̐ϑ ͂Ύξ ͻ;͖χϑ

vȘȘƚɟ ɔɟȩƇʕżɾ ųƚɾʶƚƚȘ ��vë÷ ƇǞǃǞɾɯࡇ

〈!̋, !̡ 〉 =
∑ߤߞ

ǝ=ߝ

∑ߤߞ

Ǳ=ߝ
È�êĀ[ǝ, Ǳ]È�êû[ǝ, Ǳ].

vȘȘƚɟ ɔɟȩƇʕżɾ ɯǞȒǞȀŏɟǞɾʿ Ǟɯ ǕǞǃǕƚɟ ʶǕƚȘ ɾǕƚ ǞȒŏǃƚɯ Ǖŏʲƚ Ȁŏɟǃƚ
ɔǞʾƚȀ ʲŏȀʕƚɯ żȀȩɯƚ ɾȩ ߝ ǞȘ ɾǕƚ ɯŏȒƚ ȀȩżŏɾǞȩȘɯࡏ vࡏƚࡏ ʶǕƚȘ ɾǕƚʿ
Ǖŏʲƚ ŏ Ȁȩɾ ȩǀ ȩʲƚɟȀŏɔɔǞȘǃ ʶǕǞɾƚࡕȀǞǃǕɾ ǃɟŏʿ ɔǞʾƚȀɯࡏ

ߟߝ

- ⇒
- I 2 8

2 8 1
2 8
y
2 8

/ µ ' #
up.s u m Cup.s - n (notx .mated)

Ng¥gi¥ - - - @

= FE,×sj3wEjJ



͖;;̥ξ θξΎ̙ϟ̐ϑ ͂Ύξ ͻ;͖χϑ

ģǞɯʕŏȀǞˌǞȘǃ ɾǕƚ ǞȘȘƚɟ ɔɟȩƇʕżɾ ųƚɾʶƚƚȘ ɾʶȩ ǞȒŏǃƚɯࡇ

vȒŏǃƚɯ ʶǞɾǕ ǕǞǃǕ ǞȘȘƚɟ ɔɟȩƇʕżɾ Ǖŏʲƚ ŏ Ȁȩɾ ȩǀ ȩʲƚɟȀŏɔࡏ

ߠߝ

n o tw → motx



;;ࡷͬ ˨ͱ͇Ύξ͖ϑ͑ͻ Ύ; ͻ;͖χϑ

�ȩɯɾ ɯǞȒǞȀŏɟ ǞȒŏǃƚɯ ƇʕɟǞȘǃ ǹࡷȘȘ ɯƚŏɟżǕࡈ ǹ = ࡇߥ

ߡߝ

Inew Xi, X ;a

u§mo,
+s,µµ,



;;ࡷͬ ͂Ύξ Ύϑ̥͑ξ ͖ͻ˨͇̥χ

4ȩƚɯ Șȩɾ ʶȩɟǺ ŏɯ ʶƚȀȀ ǀȩɟ Ȁƚɯɯ ɯɾŏȘƇŏɟƇǞˌƚƇ żȀŏɯɯƚɯ ȩǀ ǞȒŏǃƚɯࡇ

+v_�á ߜߝ vȒŏǃƚɯ

CʲƚȘ ŏǀɾƚɟ ɯżŏȀǞȘǃ ɾȩ Ǖŏʲƚ ɯŏȒƚ ɯǞˌƚࡈ żȩȘʲƚɟɾǞȘǃ ɾȩ ɯƚɔŏɟŏɾƚ
áb$ żǕŏȘȘƚȀɯࡈ ƚɾżࡏ ɯȩȒƚɾǕǞȘǃ ŏɯ ɯǞȒɔȀƚ ŏɯ ǹࡷȘȘ ʶȩȘ࢈ɾ ʶȩɟǺࡏ

ߢߝ

e - o n



˨;Ύϑ̥͑ξ ϻ͖̥Ͼ Ύ; ͱΎ͇͖χϑ͖̐ ξ̥͇ξ̥χχ͖Ύ;

°ȘƚࡷʲɯࡷࡏŏȀȀ +ȀŏɯɯǞ˙żŏɾǞȩȘ ʶǞɾǕ �ȩǃǞɯɾǞż áƚǃɟƚɯɯǞȩȘࡇ

ࡄ �ƚŏɟȘ ɗ żȀŏɯɯǞ˙ƚɟɯ ʶǞɾǕ ɔŏɟŏȒƚɾƚɟɯ !βߝ, !βߞ, . . . , !βɗࡏ
ࡄ bǞʲƚȘ !̋ȗƙʲ żȩȒɔʕɾƚ 〈!̋ȗƙʲ, !βߝ〉, . . . , 〈!̋ȗƙʲ, !βɗ〉
ࡄ ÚɟƚƇǞżɾ żȀŏɯɯ ʻȗƙʲ = ŏɟǃȒŏʾǝ〈!̋ȗƙʲ, !βǝ〉ࡏ

vǀ ƚŏżǕ !̋ Ǟɯ ŏ ʲƚżɾȩɟ ʶǞɾǕ ×ߤߞ ߤߞ = ߠߤߣ ƚȘɾɟǞƚɯ ɾǕŏȘ ƚŏżǕ !βǝ
ŏȀɯȩ Ǖŏɯ ߠߤߣ ƚȘɾɟǞƚɯࡏ CŏżǕ ɔŏɟŏȒƚɾƚɟ ʲƚżɾȩɟ żŏȘ ųƚ ʲǞƚʶƚƇ ŏɯ ŏ
×ߤߞ ߤߞ ǞȒŏǃƚࡏ

ߣߝ

/ ,
competed
wi th
logistic
regressions

t o min imize
train loss



ͻ˨ϑ̥̙̐͑ ͖͂ͱϑ̥ξ

ģǞɯʕŏȀǞˌǞȘǃ !βߝ, . . . , !βɗࡇ

_ȩɟ ŏȘ ǞȘɔʕɾ ǞȒŏǃƚ ࡈ żȩȒɔʕɾƚ ǞȘȘƚɟ ɔɟȩƇʕżɾ ɯǞȒǞȀŏɟǞɾʿ
ʶǞɾǕ ŏȀȀ ʶƚǞǃǕɾ ȒŏɾɟǞżƚɯ ŏȘƇ żǕȩȩɯƚ Ȓȩɯɾ ɯǞȒǞȀŏɟ ȩȘƚࡏ

vȘ żȩȘɾɟŏɯɾ ɾȩ ǹࡈ��ࡷ ȩȘȀʿ ȘƚƚƇ ɾȩ żȩȒɔʕɾƚ ɯǞȒǞȀŏɟǞɾʿ ʶǞɾǕ ɗ
ǞɾƚȒɯ ǞȘɯɾƚŏƇ ȩǀ ȗࡏ ߤߝ

✓ parameter vector f o r
separating O s f r om dataset

• * 3

6 0 0
→ k n e w



˨ͱϑ̥ξ;˨ϑ͖ϻ̥ ϻ͖̥Ͼ

�ȩǃǞɯɾǞż áƚǃɟƚɯɯǞȩȘ �ȩƇƚȀࡇ

bǞʲƚȘ Ƈŏɾŏ ȒŏɾɟǞʾ ĭ ∈ Rȗ×Ɔ Ǖƚɟƚ Ɔ = ߠߤߣ ŏȘƇ ųǞȘŏɟʿ ȀŏųƚȀ
ʲƚżɾȩɟ !̒ ∈ ,ߜ} ȗ{ߝ ǀȩɟ żȀŏɯɯ ǝ ߝ Ǟǀ ǞȘ żȀŏɯɯ ǝࡈ ߜ Ǟǀ Șȩɾࡈ ˙ȘƇ !β ∈ RƆ

ɾȩ ȒǞȘǞȒǞˌƚ ɾǕƚ Ȁȩǃ Ȁȩɯɯ ųƚɾʶƚƚȘࡇ

!̒ ŏȘƇ ǔ(ĭ!β)

ʶǕƚɟƚ ǔ(ˈ) = ߝ
ˈ−ƙ+ߝ ŏɔɔȀǞƚɯ ɾǕƚ ȀȩǃǞɯɾǞż ǀʕȘżɾǞȩȘ ƚȘɾɟʿʶǞɯƚ ɾȩ

ĭ!βࡏ

�ȩɯɯ ࣌ −
∑ȗ

Ǳ=ߝ ʻǱ Ȁȩǃ(ǔ(ĭ!β)Ǳ) + −ߝ) ʻǱ) Ȁȩǃ(ߝ− ǔ(ĭ!β)Ǳ)

ߥߝ

Ff!--11mi.⇒

§
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�ȩǃǞɯɾǞż áƚǃɟƚɯɯǞȩȘ �ȩƇƚȀࡇ

bǞʲƚȘ Ƈŏɾŏ ȒŏɾɟǞʾ ĭ ∈ Rȗ×Ɔ Ǖƚɟƚ Ɔ = ߠߤߣ ŏȘƇ ųǞȘŏɟʿ ȀŏųƚȀ
ʲƚżɾȩɟ !̒ ∈ ,ߜ} ȗ{ߝ ǀȩɟ żȀŏɯɯ ǝ ߝ Ǟǀ ǞȘ żȀŏɯɯ ǝࡈ ߜ Ǟǀ Șȩɾࡈ ˙ȘƇ !β ∈ RƆ

ɾȩ ȒǞȘǞȒǞˌƚ ɾǕƚ Ȁȩǃ Ȁȩɯɯ ųƚɾʶƚƚȘࡇ

!̒ ŏȘƇ ǔ(ĭ!β)

áƚȒǞȘƇƚɟ ǀɟȩȒ ȀǞȘƚŏɟ ŏȀǃƚųɟŏࡇ ĦǞɾǕȩʕɾ Ȁȩɯɯ ȩǀ ǃƚȘƚɟŏȀǞɾ ʿࡈ żŏȘ
ŏɯɯʕȒƚ ɾǕŏɾ !β ȀǞƚɯ ǞȘ ɾǕƚ ɟȩʶ ɯɔŏȘ ȩǀ ĭࡏ

ëȩ ǀȩɟ ŏȘʿ !β ∈ RƆࡈ ɾǕƚɟƚ ƚʾǞɯɾɯ ŏ ʲƚżɾȩɟ !α ∈ Rȗ ɯʕżǕ ɾǕŏɾࡇ

!β = ĭî!α.

ߜߞ

g >
X ' d

XB

O O

t.nl#g.n
- -
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�ȩǃǞɯɾǞż áƚǃɟƚɯɯǞȩȘ CɛʕǞʲŏȀƚȘɾ _ȩɟȒʕȀŏɾǞȩȘࡇ

bǞʲƚȘ Ƈŏɾŏ ȒŏɾɟǞʾ ĭ ∈ Rȗ×Ɔ Ǖƚɟƚ Ɔ = ߠߤߣ ŏȘƇ ųǞȘŏɟʿ ȀŏųƚȀ
ʲƚżɾȩɟ !̒ ∈ ,ߜ} ȗ{ߝ ǀȩɟ żȀŏɯɯ ǝ ߝ Ǟǀ ǞȘ żȀŏɯɯ ǝࡈ ߜ Ǟǀ Șȩɾࡈ ˙ȘƇ !α ∈ Rȗ

ɾȩ ȒǞȘǞȒǞˌƚ ɾǕƚ Ȁȩǃ Ȁȩɯɯ ųƚɾʶƚƚȘࡇ

!̒ ŏȘƇ ǔ(ĭĭî!α).

+ŏȘ ɯɾǞȀȀ ųƚ ȒǞȘǞȒǞˌƚƇ ʲǞŏ ǃɟŏƇǞƚȘɾ ƇƚɯżƚȘɾࡇ

∇�(!α) = ĭĭî(ǔ(ĭĭî!α)− !̒).

ߝߞ

-

= -

0h15): xtlh.us) -5)



ξ̥͂Ύξͻϟͱ˨ϑ̥̙ ϻ͖̥Ͼ

ĦǕŏɾ Ƈȩƚɯ żȀŏɯɯǞ˙żŏɾǞȩȘ ǀȩɟ ŏ Șƚʶ ɔȩǞȘɾ !̋ȗƙʲ ȀȩȩǺ ȀǞǺƚࡐ

ࡄ �ƚŏɟȘ ɗ żȀŏɯɯǞ˙ƚɟɯ ʶǞɾǕ ɔŏɟŏȒƚɾƚɟɯ !αߝ, !αߞ, . . . , !αɗࡏ
ࡄ bǞʲƚȘ !̋ȗƙʲ żȩȒɔʕɾƚ 〈!̋ȗƙʲ, ĭî!αߝ〉, . . . , 〈!̋ȗƙʲ, ĭî!αɗ〉
ࡄ ÚɟƚƇǞżɾ żȀŏɯɯ ʻȗƙʲ = ŏɟǃȒŏʾǝ〈!̋ȗƙʲ, ĭî!αǝ〉ࡏ

ߞߞ

c -113"



ξ̥͂Ύξͻϟͱ˨ϑ̥̙ ϻ͖̥Ͼ

〈!̋ȗƙʲ, ĭî!α〉 =
ȗ∑

Ǳ=ߝ
αǱ〈!̋ȗƙʲ,!̋Ǳ〉.

ëǞȒǞȀŏɟ ɾȩ ǹ− �� żȀŏɯɯǞ˙ƚɟ ųʕɾ ʶƚ ȀƚŏɟȘ ŏ ʶƚǞǃǕɾ αǝ ǀȩɟ ƚʲƚɟʿ !̋ǝ
ǞȘ ȩʕɟ ɾɟŏǞȘǞȘǃ ɯƚɾ ࡵ żŏȘ ųƚ ɔȩɯǞɾǞʲƚ ȩɟ ȘƚǃŏɾǞʲƚࡏ

ߟߞ

Xnewt(Ytd) = Lxnew,X t o )

(Xuewtxt)o ,
= (XXnew, o )

= (Knew)t o ,
=
I

⇐
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ߢߞ


