
+ëࡷbĮ ߟߞߞߥ vࡇ �ƚżɾʕɟƚ ߟߝ
+ȩȒɔɟƚɯɯƚƇ ëƚȘɯǞȘǃ ࣹ ëɔŏɟɯƚ áƚżȩʲƚɟʿ

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

ߝ



̊˨χ͖̐ θξΎ̊ͱ̥ͻ χ̥ϑϟθ

ĆȘƇƚɟƇƚɾƚɟȒǞȘƚƇ ȀǞȘƚŏɟ ɟƚǃɟƚɯɯǞȩȘࡇ bǞʲƚȘ � ∈ Rȑ×ȗ ʶǞɾǕ
ȑ < ȗࡈ ų ∈ Rȑࡏ ëȩȀʲƚ �ʾ = ų ǀȩɟ ʾࡏ

ࡄ vȘ˙ȘǞɾƚ ɔȩɯɯǞųȀƚ ɯȩȀʕɾǞȩȘɯ ʾࡏ vȘ ǃƚȘƚɟŏȀࡈ ǞȒɔȩɯɯǞųȀƚ ɾȩ
ɟƚżȩʲƚɟ ɔŏɟŏȒƚɾƚɟ ʲƚżɾȩɟࡏ

ߞ

I

lift?
--
frigate



χθ˨ξχ͖ϑІ ξ̥̐Ύϻ̥ξІ̐ࡕΎͻθξ̥χχ̥̙ χ̥;χ͖;͇

ĆȘƇƚɟƇƚɾƚɟȒǞȘƚƇ ȀǞȘƚŏɟ ɟƚǃɟƚɯɯǞȩȘࡇ bǞʲƚȘ � ∈ Rȑ×ȗ ʶǞɾǕ
ȑ < ȗࡈ ų ∈ Rȑࡏ ëȩȀʲƚ �ʾ = ų ǀȩɟ ʾࡏ

ࡄ �ɯɯʕȒƚ ʾ Ǟɯ ǹࡷɯɔŏɟɯƚ ǀȩɟ ɯȒŏȀȀ ǹࡏ ‖ʾ‖ߜ = ǹࡏ

ࡄ vȘ ȒŏȘʿ żŏɯƚɯ żŏȘ ɟƚżȩʲƚɟ ʾ ʶǞɾǕ# ȗ ɟȩʶɯࡏ vȘ ǀŏżɾࡈ ȩǀɾƚȘ
∼ ª(ǹ) ɯʕǀ˙żƚࡏ

ࡄ �ƚƚƇ ŏƇƇǞɾǞȩȘŏȀ ࡬ɯɾɟȩȘǃ࡫ ŏɯɯʕȒɔɾǞȩȘɯ ŏųȩʕɾ ࡋ�
ߟ

01h)
#

'
§
;

#
u 1 1
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μϟ͖̐ͬ ˨χ͖̙̥

ࡄ vȘ ɾǕƚ ɔŏɯɾࡈ ʶƚ Ǖŏʲƚ ɾǕȩʕǃǕɾ ŏųȩʕɾ ɯ࢈� ɟȩʶɯ ŏɯ Ƈŏɾŏ ƇɟŏʶȘ
ǀɟȩȒ ɯȩȒƚ ʕȘǞʲƚɟɯƚࡕƇǞɯɾɟǞųʕɾǞȩȘࡇ

ࡄ vȘ ȒŏȘʿ ɯƚɾɾǞȘǃɯࡈ ʶƚ ʶǞȀȀ ǃƚɾ ɾȩ żǕȩȩɯƚ ɯ࢈� ɟȩʶɯࡏ vࡏƚࡏ ƚŏżǕ
ųǝ = ʾîŏǝ ǀȩɟ ɯȩȒƚ ʲƚżɾȩɟ ŏǝ ɾǕŏɾ ʶƚ ɯƚȀƚżɾࡏ

ࡄ vȘ ɾǕǞɯ ɯƚɾɾǞȘǃࡈ ʶƚ ȩǀɾƚȘ żŏȀȀ ųǝ ŏ ȀǞȘƚŏɟ ȒƚŏɯʕɟƚȒƚȘɾ ȩǀ ʾ
ŏȘƇ ʶƚ żŏȀȀ � ŏ ȒƚŏɯʕɟƚȒƚȘɾ ȒŏɾɟǞʾࡏ

ߠ

-
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˨χχϟͻθϑ͖Ύ;χ Ύ; ͻ̥˨χϟξ̥ͻ̥;ϑ ͻ˨ϑξ͖Ѕ

ĦǕƚȘ ɯǕȩʕȀƇ ɾǕǞɯ ɔɟȩųȀƚȒ ųƚ ƇǞǀ˙żʕȀɾࡐ
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˨χχϟͻθϑ͖Ύ;χ Ύ; ͻ̥˨χϟξ̥ͻ̥;ϑ ͻ˨ϑξ͖Ѕ

�ŏȘʿ ʶŏʿɯ ɾȩ ǀȩɟȒŏȀǞˌƚ ȩʕɟ ǞȘɾʕǞɾǞȩȘ

ࡄ � Ǖŏɯ �ɟʕɯǺŏȀ ɟŏȘǺ ɛࡏ �ȀȀ ɯƚɾɯ ȩǀ ɛ żȩȀʕȒȘɯ ǞȘ � ŏɟƚ ȀǞȘƚŏɟȀʿ
ǞȘƇƚɔƚȘƇƚȘɾࡏ

ࡄ áƚżȩʲƚɟ ʲƚżɾȩɟɯ ʾ ʶǞɾǕ ɯɔŏɟɯǞɾʿ ǹ = ɛ/ࡏߞ

ࡄ � Ǟɯ µࡷǞȘżȩǕƚɟƚȘɾࡏ |�îǝ �Ǳ| ≤ µ‖�ǝ‖ߞ‖�Ǳ‖ߞ ǀȩɟ ŏȀȀ żȩȀʕȒȘɯ
�ǝ,�Ǳࡏ

ࡄ áƚżȩʲƚɟ ʲƚżɾȩɟɯ ʾ ʶǞɾǕ ɯɔŏɟɯǞɾʿ ǹ = ࡏµ/ߝ

ࡄ _ȩżʕɯ ɾȩƇŏʿࡇ � ȩųƚʿɯ ɾǕƚ áƚɯɾɟǞżɾƚƇ vɯȩȒƚɾɟʿ Úɟȩɔƚɟɾʿࡏ

ߢ

1 = 7
E

- - e -

e



ξ̥χϑξ͖̐ϑ̥̙ ͖χΎͻ̥ϑξІ θξΎθ̥ξϑІ

4ƚ˙ȘǞɾǞȩȘ ,ɗ)࡫ ε)ࡷáƚɯɾɟǞżɾƚƇ vɯȩȒƚɾɟʿ Úɟȩɔƚɟɾʿ࡬
� ȒŏɾɟǞʾ � ɯŏɾǞɯ˙ƚɯ (ɗ, ε)ࡷávÚ Ǟǀࡈ ǀȩɟ ŏȀȀ ʾ ʶǞɾǕ ‖ʾ‖ߜ ≤ ɗࡈ

−ߝ) ε)‖ʾ‖ߞߞ ≤ ‖�ʾ‖ߞߞ ≤ +ߝ) ε)‖ʾ‖ߞߞ.

ࡄ �ȩǕȘɯȩȘࡷ�ǞȘƇƚȘɯɾɟŏʕɯɯ ɾʿɔƚ żȩȘƇǞɾǞȩȘࡏ
ࡄ � ɔɟƚɯƚɟʲƚɯ ɾǕƚ ȘȩɟȒ ȩǀ ŏȀȀ ɗ ɯɔŏɟɯƚ ʲƚżɾȩɟɯࡈ ǞȘɯɾƚŏƇ ȩǀ
ɾǕƚ ȘȩɟȒɯ ȩǀ ŏ ˙ʾƚƇ ƇǞɯżɟƚɾƚ ɯƚɾ ȩǀ ʲƚżɾȩɟɯࡈ ȩɟ ŏȀȀ ʲƚżɾȩɟɯ
ǞȘ ŏ ɯʕųɯɔŏżƚ ŏɯ࡫ ǞȘ ɯʕųɯɔŏżƚ ƚȒųƚƇƇǞȘǃɯࡏ࡬

ߣ

-

T = integer① - s u
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͖͂ξχϑ χθ˨ξχ̥ ξ̥̐Ύϻ̥ξІ ξ̥χϟͱϑ

÷ǕƚȩɟƚȒ ࡬ȒǞȘǞȒǞˌŏɾǞȩȘࡷߜ"࡫
ãʑɑɑȧɫƙ ʲƙ ŏɛƙ ǂǝʮƙȗ � ∈ Rȑ×ȗ ŏȗƆ ų = �ʾ ƿȧɛ ŏȗ ʑȗǹȗȧʲȗ
ǹࡹɫɑŏɛɫƙ ʾ ∈ Rȗࡒ sƿ � ǝɫ ,ǹߞ) ε)ࡹÚsÓ ƿȧɛ ŏȗʻ ε < ߝ ɺǔƙȗ ʾ ǝɫ ɺǔƙ
ʑȗǝɗʑƙ ȑǝȗǝȑǝˈƙɛ ȧƿࡋ

ȒǞȘ‖ˌ‖ߜ ɫʑųǱƙżɺ ɺȧ �ˌ = ų.

ࡄ CɯɾŏųȀǞɯǕƚɯ ɾǕŏɾ ǞȘǀȩɟȒŏɾǞȩȘ ɾǕƚȩɟƚɾǞżŏȀȀʿ ʶƚ żŏȘ ɟƚżȩʲƚɟ
ʾࡏ ëȩȀʲǞȘǃ ɾǕƚ ȒǞȘǞȒǞˌŏɾǞȩȘࡷߜ" ɔɟȩųȀƚȒ Ǟɯ żȩȒɔʕɾŏɾǞȩȘŏȀȀʿ
ƇǞǀ˙żʕȀɾࡈ ɟƚɛʕǞɟǞȘǃ ª(ȗǹ) ɾǞȒƚࡏ Ħƚ ʶǞȀȀ ŏƇƇɟƚɯɯ ǀŏɯɾƚɟ
ɟƚżȩʲƚɟʿ Ȁŏɾƚɟ ǞȘ ɾǕƚ Ȁƚżɾʕɟƚࡏ

ߤ

= = -

-
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͖͂ξχϑ χθ˨ξχ̥ ξ̥̐Ύϻ̥ξІ ξ̥χϟͱϑ

Úɟȩȩǀࡇ

ߥ

By contradiction;
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ξΎ̊ϟχϑ;̥χχ

vȒɔȩɟɾŏȘɾ Șȩɾƚࡇ áȩųʕɯɾ ʲƚɟɯǞȩȘɯ ȩǀ ɾǕǞɯ ɾǕƚȩɟƚȒ ŏȘƇ ɾǕƚ
ȩɾǕƚɟɯ ʶƚ ʶǞȀȀ ƇǞɯżʕɯɯ ƚʾǞɯɾࡏ ÷Ǖƚɯƚ ŏɟƚ ȒʕżǕ Ȓȩɟƚ ǞȒɔȩɟɾŏȘɾ
ɔɟŏżɾǞżŏȀȀ ʿࡏ mƚɟƚ࢈ɯ ŏ ˚ŏʲȩɟ ȩǀ ŏ ɟȩųʕɯɾ ɟƚɯʕȀɾࡇ

ࡄ ëʕɔɔȩɯƚ ų = �(ʾ+ ƚ) ʶǕƚɟƚ ʾ Ǟɯ ǹࡷɯɔŏɟɯƚ ŏȘƇ ƚ Ǟɯ ƇƚȘɯƚ
ųʕɾ Ǖŏɯ ųȩʕȘƇƚƇ ȘȩɟȒࡏ

ࡄ áƚżȩʲƚɟ ɯȩȒƚ ǹࡷɯɔŏɟɯƚ ˜ʾ ɯʕżǕ ɾǕŏɾࡇ

‖˜ʾ− ʾ‖ߞ ≤ ‖ƚ‖ߝ

ȩɟ ƚʲƚȘ

‖˜ʾ− ʾ‖ߞ ≤ ª
( √ߝ

ǹ

)
‖ƚ‖ߝ.

ߜߝ

= •

suppose A "
- (au),Ya)- R I D

- -
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ξΎ̊ϟχϑ;̥χχ

Ħƚ ʶǞȀȀ Șȩɾ ƇǞɯżʕɯɯ ɟȩųʕɯɾȘƚɯɯ ǞȘ ƇƚɾŏǞȀࡈ ųʕɾ Ǟɾ Ǟɯ ŏ ųǞǃ ɔŏɟɾ ȩǀ
ʶǕŏɾ Ǖŏɯ ȒŏƇƚ żȩȒɔɟƚɯɯƚƇ ɯƚȘɯǞȘǃ ɯʕżǕ ŏȘ ŏżɾǞʲƚ ɟƚɯƚŏɟżǕ
ŏɟƚŏ ǞȘ ɾǕƚ Ȁŏɯɾ ߜߞ ʿƚŏɟɯࡏ �ȩȘࡷɟȩųʕɯɾ żȩȒɔɟƚɯɯƚƇ ɯƚȘɯǞȘǃ
ɟƚɯʕȀɾɯ Ǖŏʲƚ ųƚƚȘ ǺȘȩʶȘ ǀȩɟ ŏ ȀȩȘǃ ɾǞȒƚࡇ

bŏɯɔŏɟƇ áǞżǕƚ Ƈƚ ÚɟȩȘʿࡈ Aɫɫŏʻ ƙʺɑƙɛǝȑƙȗɺŏǿ ƙɺ ŏȗŏǿʻɺǝɗʑƙࡋ ɫʑɛ
ǿƙɫ ǿȧǝɫ Ɔƙ ǿŏ Ɔǝǿŏɺŏųǝǿǝɺƙ Ɔƙ ˜ʑǝƆƙɫ ƙǿŏɫɺǝɗʑƙ ƙɺ ɫʑɛ żƙǿǿƙɫ Ɔƙ ǿŏ

ƿȧɛżƙ ƙʺɑŏȗɫǝʮƙ Ɔƙ ǿŏ ʮŏɑƙʑɛ Ɔƙ ǿࢊŏǿżȧȧǿࡌ ŏ Ɔǝƿƿƙɛƙȗɺƙɫ
ɺƙȑɑƙɛŏɺʑɛƙɫࡒ �ȩʕɟȘŏȀ Ƈƚ Ȁ࢈CżȩȀƚ ÚȩȀʿɾƚżǕȘǞɛʕƚࡈ ࡏߢߣࡵߠߞ ࡏߡߥߣߝ

ߝߝ



ξ̥χϑξ͖̐ϑ̥̙ ͖χΎͻ̥ϑξІ θξΎθ̥ξϑІ

ĦǕŏɾ ȒŏɾɟǞżƚɯ ɯŏɾǞɯǀʿ ɾǕǞɯ ɔɟȩɔƚɟɾʿࡐ

ࡄ áŏȘƇȩȒ �ȩǕȘɯȩȘࡷ�ǞȘƇƚȘɯɾɟŏʕɯɯ ȒŏɾɟǞżƚɯ ࡈbŏʕɯɯǞŏȘ࡫ ɯǞǃȘࡈ
ƚɾż࡬ࡏ ʶǞɾǕ ȑ = ª(ǹ Ȁȩǃ(ȗ/ǹ)

εߞ ) ɟȩʶɯ ŏɟƚ (ª(ǹ), ε)ࡷávÚࡏ

ëȩȒƚ ɟƚŏȀ ʶȩɟȀƇ Ƈŏɾŏ Ȓŏʿ ȀȩȩǺ ɟŏȘƇȩȒࡈ ųʕɾ ɾǕǞɯ Ǟɯ ŏȀɯȩ ŏ
ʕɯƚǀʕȀ ȩųɯƚɟʲŏɾǞȩȘ ŏȀǃȩɟǞɾǕȒǞżŏȀȀʿ ʶǕƚȘ ʶƚ ʶŏȘɾ ɾȩ ƇƚɯǞǃȘ ࡏ�

ߞߝ

-



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ ̥͑˨ϻІ ͖͑ϑϑ̥ξχ ͖; ̙˨ϑ˨ χϑξ̥˨ͻχ

ëʕɔɔȩɯƚ ʿȩʕ ʲǞƚʶ ŏ ɯɾɟƚŏȒ ȩǀ ȘʕȒųƚɟɯ ǞȘ ,ߝ . . . ,ȗࡇ

,ߠ ,ߤߝ ,ߠ ,ߝ ,ߞ ,ߠߞ ,ߢ ,ߠ ,ߟ ,ߤߝ ,ߤߝ . . .

�ǀɾƚɟ ɯȩȒƚ ɾǞȒƚࡈ ʿȩʕ ʶŏȘɾ ɾȩ ɟƚɔȩɟɾ ʶǕǞżǕ ǹ ǞɾƚȒɯ ŏɔɔƚŏɟƚƇ
Ȓȩɯɾ ǀɟƚɛʕƚȘɾȀʿ ǞȘ ɾǕƚ ɯɾɟƚŏȒࡏ

Cࡏǃࡏ �ȒŏˌȩȘ Ǟɯ ȒȩȘǞɾȩɟǞȘǃ ʶƚųࡷȀȩǃɯ ɾȩ ɯƚƚ ʶǕǞżǕ ɔɟȩƇʕżɾ
ɔŏǃƚɯ ɔƚȩɔȀƚ ʲǞƚʶࡏ ÷Ǖƚʿ ʶŏȘɾ ɾȩ ˙ǃʕɟƚ ȩʕɾ ʶǕǞżǕ ɔɟȩƇʕżɾɯ ŏɟƚ
ʲǞƚʶƚƇ Ȓȩɯɾ ǀɟƚɛʕƚȘɾȀ ʿࡏ ȗ ≈ ߜߜߡ ȒǞȀȀǞȩȘࡏ

mȩʶ żŏȘ ʿȩʕ Ƈȩ ɾǕǞɯ ɛʕǞżǺȀʿ ǞȘ ɯȒŏȀȀ ɯɔŏżƚࡐ

ߟߝ

0 0 0 O O F



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ ̥͑˨ϻІ ͖͑ϑϑ̥ξχ ͖; ̙˨ϑ˨ χϑξ̥˨ͻχ

ࡄ Cʲƚɟʿ ɾǞȒƚ ʶƚ ɟƚżƚǞʲƚ ŏ ȘʕȒųƚɟ ǝ ǞȘ ɾǕƚ ɯɾɟƚŏȒࡈ ŏƇƇ
żȩȀʕȒȘ �ǝ ɾȩ ųࡏ

ߠߝ
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˨θθͱ͖̐˨ϑ͖Ύ;ࡇ ̥͑˨ϻІ ͖͑ϑϑ̥ξχ ͖; ̙˨ϑ˨ χϑξ̥˨ͻχ

ࡄ �ɾ ɾǕƚ ƚȘƇ ų = �ʾ ǀȩɟ ŏȘ ŏɔɔɟȩʾǞȒŏɾƚȀʿ ɯɔŏɟɯƚ ʾ Ǟǀ ɾǕƚɟƚ
ʶƚɟƚ ȩȘȀʿ ŏ ǀƚʶ Ǖƚŏʲʿࢅ ǕǞɾɾƚɟɯࡏࢆ áƚżȩʲƚɟ ʾ ǀɟȩȒ ų ʕɯǞȘǃ ŏ
ɯɔŏɟɯƚ ɟƚżȩʲƚɟʿ ȒƚɾǕȩƇ ȀǞǺƚ࡫ ߜ" ȒǞȘǞȒǞˌŏɾǞȩȘࡏ࡬

ߡߝ

v i .blog)
random

number,
A

random Hair

f
)
t.I
Nfrom fl,.. uhlogu]→ f -bit

§ → recover vector × .



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ ̥͑˨ϻІ ͖͑ϑϑ̥ξχ ͖; ̙˨ϑ˨ χϑξ̥˨ͻχ

mȩʶ ŏųȩʕɾ ʶǕƚȘ ɾǕƚɟƚ ŏɟƚ ǞȘɯƚɟɾǞȩȘɯ ȩɟ ƇƚȀƚɾǞȩȘɯࡐ

ǝȗɫƙɛɺ(ߠ), ǝȗɫƙɛɺ(ߤߝ), ɛƙȑȧʮƙ(ߠ), ǝȗɫƙɛɺ(ߝ), ǝȗɫƙɛɺ(ߞ), ɛƙȑȧʮƙ(ߞ) . . .

Cࡏǃࡏ �ȒŏˌȩȘ Ǟɯ ȒȩȘǞɾȩɟǞȘǃ ʶǕŏɾ ɔɟȩƇʕżɾɯ ɔƚȩɔȀƚ ŏƇƇ ɾȩ ɾǕƚǞɟ
ࢆʶǞɯǕȀǞɯɾࢅ ŏȘƇ ʶŏȘɾɯ ŏ ȀǞɯɾ ȩǀ Ȓȩɯɾ ɾŏǃǃƚƇ ɔɟȩƇʕżɾɯࡏ ĦǞɯǕȀǞɯɾɯ
żŏȘ ųƚ żǕŏȘǃƚƇ ȩʲƚɟ ɾǞȒƚࡈ ǞȘżȀʕƇǞȘǃ ųʿ ɟƚȒȩʲǞȘǃ ǞɾƚȒɯࡏ

ߢߝ



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ χ͖;͇ͱ̥ θ͖Ѕ̥ͱ ̐˨ͻ̥ξ˨

÷ʿɔǞżŏȀ ŏżɛʕǞɯǞɾǞȩȘ ȩǀ ǞȒŏǃƚ ųʿ żŏȒƚɟŏࡇ

áƚɛʕǞɟƚɯ ȩȘƚ ǞȒŏǃƚ ɯƚȘɯȩɟ ɔƚɟ ɔǞʾƚȀ żŏɔɾʕɟƚƇࡏ

ߣߝ

Oo

o

O

o



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ χ͖;͇ͱ̥ θ͖Ѕ̥ͱ ̐˨ͻ̥ξ˨

+ȩȒɔɟƚɯɯƚƇ ŏżɛʕǞɯǞɾǞȩȘ ȩǀ ǞȒŏǃƚࡇ

ɑ =
∑

ǝ=ߝ
ʺǝ =

[
ߝ ߝ . . . ߝ

]





ߝʺ
ߞʺ
ࡏࡏࡏ
ʺȗ





4ȩƚɯ Șȩɾ ɔɟȩʲǞƇƚ ʲƚɟʿ ȒʕżǕ ǞȘǀȩɟȒŏɾǞȩȘ ŏųȩʕɾ ɾǕƚ ǞȒŏǃƚࡏ
ߤߝ

:



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ χ͖;͇ͱ̥ θ͖Ѕ̥ͱ ̐˨ͻ̥ξ˨

$ʕɾ ɯƚʲƚɟŏȀ ɟŏȘƇȩȒ ȀǞȘƚŏɟ ȒƚŏɯʕɟƚȒƚȘɾɯ Ƈȩࡋ

ɑ =
∑

ǝ=ߝ
Úǝʺǝ =

[
ߜ ߝ ߜ ߜ . . . ߝ

]





ߝʺ
ߞʺ
ࡏࡏࡏ
ʺȗ





ߥߝ

O
Dti

-



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ χ͖;͇ͱ̥ θ͖Ѕ̥ͱ ̐˨ͻ̥ξ˨

�ɔɔȀǞżŏɾǞȩȘɯ ǞȘࡇ

ࡄ vȒŏǃǞȘǃ ȩʕɾɯǞƇƚ ȩǀ ɾǕƚ ʲǞɯǞųȀƚ ɯɔƚżɾɟʕȒ Ȓȩɟƚ࡫ ƚʾɔƚȘɯǞʲƚ
ɯƚȘɯȩɟɯࡏ࡬

ࡄ �Ǟżɟȩɯżȩɔ ʿࡏ
ࡄ °ɾǕƚɟ ɯżǞƚȘɾǞ˙ż ǞȒŏǃǞȘǃࡏ

+ȩȒɔɟƚɯɯƚƇ ɯƚȘɯǞȘǃ ɾǕƚȩɟʿ Ƈȩƚɯ Șȩɾ ƚʾŏżɾȀʿ ƇƚɯżɟǞųƚ ɾǕƚ
ɔɟȩųȀƚȒࡈ ųʕɾ Ǖŏɯ ųƚƚȘ ʲƚɟʿ ʲŏȀʕŏųȀƚ ǞȘ ȒȩƇƚȀǞȘǃ Ǟɾࡏ

ߜߞ



ξ̥χϑξ͖̐ϑ̥̙ ͖χΎͻ̥ϑξІ θξΎθ̥ξϑІ

4ƚ˙ȘǞɾǞȩȘ ,ɗ)࡫ ε)ࡷáƚɯɾɟǞżɾƚƇ vɯȩȒƚɾɟʿ Úɟȩɔƚɟɾʿ࡬
� ȒŏɾɟǞʾ � ɯŏɾǞɯ˙ƚɯ (ɗ, ε)ࡷávÚ Ǟǀࡈ ǀȩɟ ŏȀȀ ʾ ʶǞɾǕ ‖ʾ‖ߜ ≤ ɗࡈ

−ߝ) ε)‖ʾ‖ߞߞ ≤ ‖�ʾ‖ߞߞ ≤ +ߝ) ε)‖ʾ‖ߞߞ.

ĆȘǞǀȩɟȒȀʿ ɯʕųɯŏȒɔȀƚƇ _ȩʕɟǞƚɟ ȒŏɾɟǞżƚɯ ʶǞɾǕ
ȑ ∼ ª

(
ǹ Ȁȩǃߞ ǹ Ȁȩǃ ȗ

εߞ

)
ɟȩʶɯ (ª(ǹ), ε)ࡷávÚࡏ ࡈmŏʲǞʲ࡟ áƚǃƚʲࡈ ࡏࡠߢߝߜߞ

vȒɔɟȩʲƚɯ ȩȘ ŏ ȀȩȘǃ ȀǞȘƚ ȩǀ ʶȩɟǺࡇ +ŏȘƇƩɯࡈ ÷ŏȩࡈ áʕƇƚȀɯȩȘࡈ
ģƚɟɯǕʿȘǞȘࡈ +ǕƚɟŏǃǕżǕǞࡈ bʕɟʕɯʶŏȒǞࡈ ģƚȀǞȘǃǺƚɟࡈ $ȩʕɟǃŏǞȘࡏ

Įȩʕ Ǖŏʲƚ ɯƚƚȘ ɯȩȒƚ ȩǀ ɾǕƚ ɾȩȩȀɯ ʕɯƚƇ ɔɟȩʲƚ ɾǕǞɯ ʶǕƚȘ ʶƚ
ɔɟȩʲƚƇ ɾǕŏɾ ŏ ɯʕųɯŏȒɔȀƚƇ mŏƇŏȒŏɟƇ ȒŏɾɟǞʾࡈ ʶǕǞżǕ Ǟɯ ŏ ɾʿɔƚ ȩǀ
_ȩʕɟǞƚɟ ȒŏɾɟǞʾࡈ żŏȘ ųƚ ʕɯƚƇ ɾȩ ǃǞʲƚ ŏ �� ǃʕŏɟŏȘɾƚƚࡏ

ߝߞ

[ = -



ϑ̥͑ ̙͖χ̐ξ̥ϑ̥ ͂Ύϟξ͖̥ξ ͻ˨ϑξ͖Ѕ

÷Ǖƚ ȗ× ȗ ƇǞɯżɟƚɾƚ _ȩʕɟǞƚɟ ȒŏɾɟǞʾ _ Ǟɯ Ƈƚ˙ȘƚƇࡇ
]Ǳ,ǹ = ƙ−ߞπǝ

ȗ Ǳ·ǹ

áƚżŏȀȀ ɾǕŏɾ ƙ−ߞπǝ
ȗ Ǳ·ǹ = żȧɫ(ߞπǱǹ/ȗ)− ǝ ɯǞȘ(ߞπǱǹ/ȗ)ࡏ

ëƚɾ � ɾȩ żȩȘɾŏǞȘ ŏ ɟŏȘƇȩȒ ª̃(ǹ Ȁȩǃȗ) ɟȩʶɯ ȩǀ ɾǕǞɯ ȒŏɾɟǞʾࡏ
ߞߞ

I f f i e r
t.FI#cosl2lTj/n)-
~losl2iT2j/n)

n i n n y (oslnT3j/n)E t i ' ÷ ÷ ± - .

T r a n s f o r m # i,
whatEtcoupies#¥A#



ϑ̥͑ ̙͖χ̐ξ̥ϑ̥ ͂Ύϟξ͖̥ξ ͻ˨ϑξ͖Ѕ

_ʾ Ǟɯ ɾǕƚ 4Ǟɯżɟƚɾƚ _ȩʕɟǞƚɟ ÷ɟŏȘɯǀȩɟȒ ȩǀ ɾǕƚ ʲƚżɾȩɟ ʾ ʶǕŏɾ࡫ ŏȘ
__÷ żȩȒɔʕɾƚɯࡏ࡬

4ƚżȩȒɔȩɯƚɯ ʾ ǞȘɾȩ ƇǞǀǀƚɟƚȘɾ ǀɟƚɛʕƚȘżǞƚɯࡇ [_ʾ]Ǳ Ǟɯ ɾǕƚ
żȩȒɔȩȘƚȘɾ ʶǞɾǕ ǀɟƚɛʕƚȘżʿ Ǳ/ȗࡏ

$ƚżŏʕɯƚ _∗_ = vࡈ _∗_ʾ = ʾࡈ ɯȩ ʶƚ żŏȘ ɟƚżȩʲƚɟ ʾ Ǟǀ ʶƚ Ǖŏʲƚ
ŏżżƚɯɯ ɾȩ Ǟɾɯ ࡏ÷_4 _ʾࡏ

ߟߞ

-

O

- 1 0
-

1
"Inverse Discrete FourierTransform"



ϑ̥͑ ̙͖χ̐ξ̥ϑ̥ ͂Ύϟξ͖̥ξ ͻ˨ϑξ͖Ѕ

vǀ � Ǟɯ ŏ ɯʕųɯƚɾ ȩǀ ɗ ɟȩʶɯ ǀɟȩȒ ࡈ_ ɾǕƚȘ �ʾ Ǟɯ ŏ ɯʕųɯƚɾ ȩǀ ɟŏȘƇȩȒ
ǀɟƚɛʕƚȘżʿ żȩȒɔȩȘƚȘɾɯ ǀɟȩȒ ʾ࢈ɯ ƇǞɯżɟƚɾƚ _ȩʕɟǞƚɟ ɾɟŏȘɯǀȩɟȒࡏ

vȘ ȒŏȘʿ ɯżǞƚȘɾǞ˙ż ŏɔɔȀǞżŏɾǞȩȘɯࡈ ʶƚ żŏȘ żȩȀȀƚżɾ ƚȘɾɟǞƚɯ ȩǀ _ʾ ȩȘƚ
ŏɾ ŏ ɾǞȒƚ ǀȩɟ ɯȩȒƚ ʕȘȩųɯƚɟʲƚƇ Ƈŏɾŏ ʲƚżɾȩɟ ʾࡏ

ߠߞ

* FLEE:
D.

→ m:: : : : :



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ ͇̥Ύθ͑Іχ͖̐χ

ĦŏɟȘǞȘǃࡇ ʲƚɟʿ żŏɟɾȩȩȘǞɯǕ ƚʾɔȀŏȘŏɾǞȩȘ ȩǀ ʲƚɟʿ żȩȒɔȀƚʾ ɔɟȩųȀƚȒࡏ

ĆȘƇƚɟɯɾŏȘƇǞȘǃ ʶǕŏɾ ȒŏɾƚɟǞŏȀ Ǟɯ ųƚȘƚŏɾǕ ɾǕƚ żɟʕɯɾࡇ

÷ǕǞȘǺ ȩǀ ʲƚżɾȩɟ ʾ ŏɯ ɯżŏȀŏɟ ʲŏȀʕƚɯ ȩǀ ɾǕƚ ƇƚȘɯǞɾʿࡕɟƚ˚ƚżɾǞʲǞɾʿ ǞȘ
ŏ ɯǞȘǃȀƚ ʲƚɟɾǞżŏȀ żȩɟƚ ȩǀ ɾǕƚ ƚŏɟɾǕࡏ

mȩʶ Ƈȩ ʶƚ Ȓƚŏɯʕɟƚ ƚȘɾɟǞƚɯ ȩǀ _ȩʕɟǞƚɟ ɾɟŏȘɯǀȩɟȒ _ʾࡐ

ߡߞ

#

(FX);
→ speak freqj .

I



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ ͇̥Ύθ͑Іχ͖̐χ

ģǞųɟŏɾƚ ɾǕƚ ƚŏɟɾǕ ŏɾ ƇǞǀǀƚɟƚȘɾ ǀɟƚɛʕƚȘżǞƚɯࡋ �ȘƇ Ȓƚŏɯʕɟƚ ɾǕƚ
ɟƚɯɔȩȘɯƚࡏ

ģǞųɟȩɯƚǞɯ ÷ɟʕżǺ

+ŏȘ ŏȀɯȩ ʕɯƚ ŏǞɟǃʕȘɯࡈ żȩȘɾɟȩȀȀƚƇ ƚʾɔȀȩɟŏɾǞȩȘɯࡈ ʲǞųɟŏɾǞȩȘɯ ǀɟȩȒ
ƇɟǞȀȀǞȘǃࡈ ƚɾżࡏ ÷Ǖƚ ǀƚʶƚɟ ȒƚŏɯʕɟƚȒƚȘɾɯ ʶƚ ȘƚƚƇ ǀɟȩȒ _ʾࡈ ɾǕƚ
żǕƚŏɔƚɟ ŏȘƇ ǀŏɯɾƚɟ ȩʕɟ Ƈŏɾŏ ŏżɛʕǞɯǞɾǞȩȘ ɔɟȩżƚɯɯ ųƚżȩȒƚɯࡏ

�ǞȀȀƚɟ ŏɔɔࡇ °ǞȀ CʾɔȀȩɟŏɾǞȩȘࡏ ߢߞ

8



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ ͇̥Ύθ͑Іχ͖̐χ

ĦŏɟȘǞȘǃࡇ ʲƚɟʿ żŏɟɾȩȩȘǞɯǕ ƚʾɔȀŏȘŏɾǞȩȘ ȩǀ ʲƚɟʿ żȩȒɔȀƚʾ ɔɟȩųȀƚȒࡏ

�ƚƇǞżŏȀ vȒŏǃǞȘǃ ࡈ�áv࡫ ĆȀɾɟŏɯȩʕȘƇࡈ ƚɾż࡬ࡏ

ģƚżɾȩɟ ʾ Ǖƚɟƚ Ǟɯ ŏ 4ߞ ǞȒŏǃƚࡏ CʲƚɟʿɾǕǞȘǃ ʶȩɟǺɯ ʶǞɾǕ 4ߞ _ȩʕɟǞƚɟ
ɾɟŏȘɯǀȩɟȒɯࡏ

mȩʶ Ƈȩ ʶƚ Ȓƚŏɯʕɟƚ ƚȘɾɟǞƚɯ ȩǀ _ȩʕɟǞƚɟ ɾɟŏȘɯǀȩɟȒ _ʾࡐ

ߣߞ

I T



˨θθͱ͖̐˨ϑ͖Ύ;ࡇ ͇̥Ύθ͑Іχ͖̐χ

$Ȁŏɯɾ ɾǕƚ ųȩƇʿ ʶǞɾǕ ɯȩʕȘƇɯ ʶŏʲƚɯ ȩɟ ʕȀɾɟŏɯȩȘǞż ʶŏʲƚɯ ȩǀ
ʲŏɟʿǞȘǃ ǀɟƚɛʕƚȘżǞƚɯࡏ

÷Ǖƚ ǀƚʶƚɟ ȒƚŏɯʕɟƚȒƚȘɾɯ ʶƚ ȘƚƚƇ ǀɟȩȒ _ʾࡈ ɾǕƚ ǀŏɯɾƚɟ ʶƚ żŏȘ
ŏżɛʕǞɟƚ ŏȘƇ ǞȒŏǃƚࡏ

ࡄ CɯɔƚżǞŏȀȀʿ ǞȒɔȩɟɾŏȘɾ ʶǕƚȘ ɾɟʿǞȘǃ ɾȩ żŏɔɾʕɟƚ ɯȩȒƚɾǕǞȘǃ
ȒȩʲǞȘǃ ࡏǃࡏƚ࡫ ȀʕȘǃɯࡈ ųŏų ʿࡈ żǕǞȀƇ ʶǕȩ żŏȘ࢈ɾ ɯǞɾ ɯɾǞȀȀࡏ࡬

ࡄ +ŏȘ ŏȀɯȩ żʕɾ ƇȩʶȘ ȩȘ ɔȩʶƚɟ ɟƚɛʕǞɟƚȒƚȘɾɯ ʶǕǞżǕ࡫ ǀȩɟ �áv
ȒŏżǕǞȘƚɯ ŏɟƚ Ǖʕǃƚࡏ࡬

ߤߞ

Big



ξ̥χϑξ͖̐ϑ̥̙ ͖χΎͻ̥ϑξІ θξΎθ̥ξϑІ

4ƚ˙ȘǞɾǞȩȘ ,ɗ)࡫ ε)ࡷáƚɯɾɟǞżɾƚƇ vɯȩȒƚɾɟʿ Úɟȩɔƚɟɾʿ࡬
� ȒŏɾɟǞʾ � ɯŏɾǞɯ˙ƚɯ (ɗ, ε)ࡷávÚ Ǟǀࡈ ǀȩɟ ŏȀȀ ʾ ʶǞɾǕ ‖ʾ‖ߜ ≤ ɗࡈ

−ߝ) ε)‖ʾ‖ߞߞ ≤ ‖�ʾ‖ߞߞ ≤ +ߝ) ε)‖ʾ‖ߞߞ.

�ȩɾɯ ȩǀ ȩɾǕƚɟ ɟŏȘƇȩȒ ȒŏɾɟǞżƚɯ ɯŏɾǞɯǀʿ ávÚ ŏɯ ʶƚȀȀࡏ

°Șƚ Ȓŏǲȩɟ ɾǕƚȩɟƚɾǞżŏȀ ɛʕƚɯɾǞȩȘ Ǟɯ Ǟǀ ʶƚ żŏȘ ƇƚɾƚɟȒǞȘǞɯɾǞżŏȀȀʿ
żȩȘɯɾɟʕżɾ ǃȩȩƇ ávÚ ȒŏɾɟǞżƚɯࡏ vȘɾƚɟƚɯɾǞȘǃȀ ʿࡈ Ǟǀ ʶƚ ʶŏȘɾ
(ª(ǹ),ª(ߝ)) ávÚࡈ ʶƚ żŏȘ ȩȘȀʿ Ƈȩ ɯȩ ʶǞɾǕ ª(ǹߞ) ɟȩʶɯ Șȩʶ࡫ ʲƚɟʿ
ɯȀǞǃǕɾȀʿ ųƚɾɾƚɟ ࡵ ɾǕŏȘǺɯ $ȩʕɟǃŏǞȘ ƚɾ ŏȀࡏ࡬ࡏ

ĦǕƚɾǕƚɟ ȩɟ Șȩɾ ŏ ȀǞȘƚŏɟ ƇƚɔƚȘƇƚȘżƚ ȩȘ ǹ Ǟɯ ɔȩɯɯǞųȀƚ ʶǞɾǕ ŏ
ƇƚɾƚɟȒǞȘǞɯɾǞż żȩȘɯɾɟʕżɾǞȩȘ Ǟɯ ʕȘǺȘȩʶȘࡏ

ߥߞ



͂˨χϑ̥ξ χθ˨ξχ̥ ξ̥̐Ύϻ̥ξІ

÷ǕƚȩɟƚȒ ࡬ȒǞȘǞȒǞˌŏɾǞȩȘࡷߜ"࡫
ãʑɑɑȧɫƙ ʲƙ ŏɛƙ ǂǝʮƙȗ � ∈ Rȑ×ȗ ŏȗƆ ų = �ʾ ƿȧɛ ŏȗ ʑȗǹȗȧʲȗ
ǹࡹɫɑŏɛɫƙ ʾࡒ sƿ � ǝɫ ,ǹߞ) ε)ࡹÚsÓ ƿȧɛ ŏȗʻ ε < ߝ ɺǔƙȗ ʾ ǝɫ ɺǔƙ ʑȗǝɗʑƙ
ȑǝȗǝȑǝˈƙɛ ȧƿࡋ

ȒǞȘ‖ˌ‖ߜ ɫʑųǱƙżɺ ɺȧ �ˌ = ų.

�ȀǃȩɟǞɾǕȒ ɛʕƚɯɾǞȩȘࡇ +ŏȘ ʶƚ ɟƚżȩʲƚɟ ʾ ʕɯǞȘǃ ŏ ǀŏɯɾƚɟ ȒƚɾǕȩƇࡐ
vƇƚŏȀȀʿ ǞȘ ɔȩȀʿȘȩȒǞŏȀ ɾǞȒƚࡏ

ߜߟ

-

• - O (noon) r o w s

-



̊˨χ͖χ θϟξχϟ͖ϑ

+ȩȘʲƚʾ ɟƚȀŏʾŏɾǞȩȘ ȩǀ ɾǕƚ ߜ" ȒǞȘǞȒǞˌŏɾǞȩȘ ɔɟȩųȀƚȒࡇ
ÚɟȩųȀƚȒ ŏɯǞɯ$࡫ ÚʕɟɯʕǞɾࡈ Ǟࡏƚࡏ ߝ" ȒǞȘǞȒǞˌŏɾǞȩȘ࡬ࡏ

ȒǞȘ
ˌ

ߝ‖ˌ‖ ɫʑųǱƙżɺ ɺȧ �ˌ = ų.

ࡄ °ųǲƚżɾǞʲƚ Ǟɯ żȩȘʲƚʾࡇ

ࡄ °ɔɾǞȒǞˌǞȘǃ ȩʲƚɟ żȩȘʲƚʾ ɯƚɾࡇ

ĦǕŏɾ Ǟɯ ȩȘƚ ȒƚɾǕȩƇ ʶƚ ǺȘȩʶ ǀȩɟ ɯȩȀʲǞȘǃ ɾǕǞɯ ɔɟȩųȀƚȒࡐ

ߝߟ

b -- A x

a s @
-

f t ) : 112¥
f l a xta-Hy):Max+ a-Halt

I t At,=b and Az-=b
⇐ 111×111+ (I-d)Hylle

= A f l x )t (1-d )Tb)

Aldaz,th-d)2 ): b



̊˨χ͖χ θϟξχϟ͖ϑ ͱ͖;̥˨ξ θξΎ͇ξ˨ͻ

CɛʕǞʲŏȀƚȘɾ ǀȩɟȒʕȀŏɾǞȩȘࡇ

ÚɟȩųȀƚȒ ŏɯǞɯ$࡫ ÚʕɟɯʕǞɾ �ǞȘƚŏɟ ÚɟȩǃɟŏȒ࡬ࡏ

ȒǞȘ
ʶ,ˌ

îʶߝ ɫʑųǱƙżɺ ɺȧ �ˌ = ų,−ʶ ≤ ˌ ≤ ʶ.

+ŏȘ ųƚ ɯȩȀʲƚƇ ʕɯǞȘǃ ŏȘʿ ŏȀǃȩɟǞɾǕȒ ǀȩɟ ȀǞȘƚŏɟ ɔɟȩǃɟŏȒȒǞȘǃࡏ �Ș
vȘɾƚɟǞȩɟ ÚȩǞȘɾ �ƚɾǕȩƇ ʶǞȀȀ ɟʕȘ ǞȘ ŏɾ ʶȩɟɯɾ ∼ ª(ȗߡ.ߟ) ɾǞȒƚࡏ

ߞߟ

0 = - 0
I



̊˨χ͖χ θϟξχϟ͖ϑ ͖;ϑϟ͖ϑ͖Ύ;

ëʕɔɔȩɯƚ � Ǟɯ ×ߞ ࡈߝ ɯȩ ų Ǟɯ ǲʕɯɾ ŏ ɯżŏȀŏɟ ŏȘƇ ʾ Ǟɯ ŏ
ƇǞȒƚȘɯǞȩȘŏȀࡷߞ ʲƚżɾȩɟࡏ

ģƚɟɾǞżƚɯ ȩǀ ȀƚʲƚȀ ɯƚɾɯ ȩǀ ߝ" ȘȩɟȒ
żȩɟɟƚɯɔȩȘƇ ɾȩ ɯɔŏɟɯƚ ɯȩȀʕɾǞȩȘɯࡏ

÷ǕǞɯ Ǟɯ Șȩɾ ɾǕƚ żŏɯƚ ƚࡏǃࡏ ǀȩɟ ɾǕƚ ߞ"
ȘȩɟȒࡏ

ߟߟ

I n k ,¥9If-.B
'÷÷:⇐÷¥ 1=1



̊˨χ͖χ θϟξχϟ͖ϑ ˨;˨ͱІχ͖χ

÷ǕƚȩɟƚȒ
sƿ � ǝɫ ,ǹߟ) ε)ࡹÚsÓ ƿȧɛ ε < ߣߝ. ŏȗƆ ‖ʾ‖ߜ = ǹࡌ ɺǔƙȗ ˈ" = ʾ ǝɫ ɺǔƙ
ʑȗǝɗʑƙ ȧɑɺǝȑŏǿ ɫȧǿʑɺǝȧȗ ȧƿ ɺǔƙ $ŏɫǝɫ Óʑɛɫʑǝɺ �Óࡒࡨ

ëǞȒǞȀŏɟ ɔɟȩȩǀ ɾȩ ߜ" ȒǞȘǞȒǞˌŏɾǞȩȘࡇ
ࡄ $ʿ ʶŏʿ ȩǀ żȩȘɾɟŏƇǞżɾǞȩȘࡈ ŏɯɯʕȒƚ ʾ Ǟɯ Șȩɾ ɾǕƚ ȩɔɾǞȒŏȀ
ɯȩȀʕɾǞȩȘࡏ ÷ǕƚȘ ɾǕƚɟƚ ƚʾǞɯɾɯ ɯȩȒƚ ȘȩȘࡷˌƚɟȩ ∆ ɯʕżǕ ɾǕŏɾࡇ

ࡄ ‖ʾ+∆‖ߝ ≤ ‖ʾ‖ߝ
ࡄ �(ʾ+∆) = �ʾࡏ vࡏƚࡏ �∆ = ࡏߜ

4ǞǀǀƚɟƚȘżƚ Ǟɯ ɾǕŏɾ ʶƚ żŏȘ Șȩ ȀȩȘǃƚɟ ŏɯɯʕȒƚ ɾǕŏɾ ∆ Ǟɯ ɯɔŏɟɯƚࡏ

°ȘȀʿ ȩȘƚ ɾȩȩȀ ȘƚƚƇƚƇࡇ
_ȩɟ ŏȘʿ ɗࡷɯɔŏɟɯƚ ʲƚżɾȩɟ ʶ, ‖ʶ‖ߞ ≤ ‖ʶ‖ߝ ≤

√ɗ‖ʶ‖ߞ

ߠߟ

Ck ,a ) f o r l o miminuizotio,

s o I f

→ = P -

- -

- -

→
wild "wth.-Hollie w.fi/Yiiiini#Fwh=r



̊˨χ͖χ θϟξχϟ͖ϑ ˨;˨ͱІχ͖χ

ëȩȒƚ Ƈƚ˙ȘǞɾǞȩȘɯࡇ

ߡߟ

Ax= b 2-sparse recovery
U = 2

] →k indices ⑨ jaguit-de

} largest
2 k entries

i n D 5÷:(A:
¥÷÷÷:

- -



̊˨χ͖χ θϟξχϟ͖ϑ ˨;˨ͱІχ͖χ

+ȀŏǞȒ ࡇߝ ‖∆ã‖ߝ ≥ ‖∆ã̄‖ߝ

ߢߟ

- 0 @ As- -o

x x D i s a solution better thanX , co-jechnedto
exist byv e y} o fcontradiction

11×+1111411×111.
-

0 l i t t le .tl#ztllAsHe§§%/
§%'s

211114¥11,'-"Ashe
: =

11×14.ir/llDsHz-HDshe)
8 - -

-
i f positive



̊˨χ͖χ θϟξχϟ͖ϑ ˨;˨ͱІχ͖χ

+ȀŏǞȒ ࡇߞ ‖∆ã‖ߞ ≥
√
ߞ
∑

Ǳ≥ߞ ‖îǱ‖ࡇߞ

ߣߟ

✓rnlldslhzllbsllz-t-T.gl#If

1 ."Ashe = j§z11%111

2 . F o r a l l j , l a t te s;D)- -

111%11
22k.mil#.DllDs,+,HzEt2TminllDt;D'

N t - E m - m i - (1%1)
2111T;- i l l
⇐ "Dt;He7 t h HAT;"the



̊˨χ͖χ θϟξχϟ͖ϑ ˨;˨ͱІχ͖χ

_ǞȘǞɯǕ ʕɔ ɔɟȩȩǀ ųʿ żȩȘɾɟŏƇǞżɾǞȩȘࡇ

ߤߟ

" I I 7 A jazz11¥11,
(3%8)- R I P

9=11Ask. 2 Hlth-j%hA¥±"-
Z (t-E)HDsu r ,1 h - l i t E)§ ,"Brill
7 (I-E)"Ds11. - i t E )¥ "DsHa

= ( I - E - " ¥ ) HASH,
# contradictionwhen positive



͂˨χϑ̥ξ ͻ̥ϑ͑Ύ̙χ

� Ȁȩɾ Ȁȩɾ ȩǀ ǞȘɾƚɟƚɯɾ ǞȘ ƇƚʲƚȀȩɔǞȘǃ ƚʲƚȘ ǀŏɯɾƚɟ ŏȀǃȩɟǞɾǕȒɯ ɾǕŏɾ
ŏʲȩǞƇ ʕɯǞȘǃ ɾǕƚ Ǖƚŏʲʿࢅ ǕŏȒȒƚɟࢆ ȩǀ ȀǞȘƚŏɟ ɔɟȩǃɟŏȒȒǞȘǃ ŏȘƇ
ɟʕȘ ǞȘ ƚʲƚȘ ǀŏɯɾƚɟ ɾǕŏȘ ª(ȗߡ.ߟ) ɾǞȒƚࡏ

ࡄ vɾƚɟŏɾǞʲƚ mŏɟƇ ÷ǕɟƚɯǕȩȀƇǞȘǃࡇ �ȩȩǺɯ ŏ Ȁȩɾ ȀǞǺƚ ɔɟȩǲƚżɾƚƇ
ǃɟŏƇǞƚȘɾ ƇƚɯżƚȘɾࡏ ëȩȀʲƚ ȒǞȘˌ ‖�ˌ− ų‖ ʶǕǞȀƚ żȩȘɾǞȘʕŏȀȀʿ
ɔɟȩǲƚżɾǞȘǃ ˈ ųŏżǺ ɾȩ ɾǕƚ ɯƚɾ ȩǀ ǹࡷɯɔŏɟɯƚ ʲƚżɾȩɟɯࡏ áʕȘɯ ǞȘ
ɾǞȒƚ ∼ ª(ȗǹ Ȁȩǃȗ) ǀȩɟ bŏʕɯɯǞŏȘ ȒƚŏɯʕɟƚȒƚȘɾ ȒŏɾɟǞżƚɯ
ŏȘƇ ª(ȗ Ȁȩǃȗ) ǀȩɟ ɯʕųɯŏȒɔȀƚƇ _ȩʕɟƚɟ ȒŏɾɟǞżƚɯࡏ

ࡄ °ɾǕƚɟ ɟɯɾ˙ࢅ ȩɟƇƚɟࢆ ɾʿɔƚ ȒƚɾǕȩƇɯࡇ °ɟɾǕȩǃȩȘŏȀ �ŏɾżǕǞȘǃ
ÚʕɟɯʕǞɾࡈ +ȩëŏ�Úࡈ ëʕųɯɔŏżƚ ÚʕɟɯʕǞɾࡈ ƚɾżࡏ

ߥߟ



͂˨χϑ̥ξ ͻ̥ϑ͑Ύ̙χ

ĦǕƚȘ � Ǟɯ ŏ ɯʕųɯŏȒɔȀƚƇ _ȩʕɟǞƚɟ ȒŏɾɟǞʾࡈ ɾǕƚɟƚ ŏɟƚ Șȩʶ
ȒƚɾǕȩƇɯ ɾǕŏɾ ɟʕȘ ǞȘ ª(ǹ Ȁȩǃż ȗ) ɾǞȒƚ ࡈmŏɯɯŏȘǞƚǕ࡟ vȘƇʿǺࡈ
�ŏɔɟŏȀȩʲࡈ �ŏɾŏųǞࡈ ÚɟǞżƚࡈ ëǕǞࡈ ƚɾżࡏ ࡏࡠࣹߞߝߜߞ

mȩȀƇ ʕɔࡏࡏࡏ

ߜߠ



χθ˨ξχ̥ ͂Ύϟξ͖̥ξ ϑξ˨;χ͂Ύξͻ

+ȩɟȩȀȀŏɟʿࡇ ĦǕƚȘ ʾ Ǟɯ ǹࡷɯɔŏɟɯƚࡈ ʶƚ żŏȘ żȩȒɔʕɾƚ ɾǕƚ ǞȘʲƚɟɯƚ
_ȩʕɟǞƚɟ ɾɟŏȘɯǀȩɟȒ _∗_ʾ ȩǀ _ʾ ǞȘ ª(ǹ Ȁȩǃż ȗ) ɾǞȒƚࡋ

ࡄ áŏȘƇȩȒȀʿ ɯʕųɯŏȒɔȀƚ _ʾࡏ
ࡄ _ƚƚƇ ɾǕŏɾ ǞȘɔʕɾ ǞȘɾȩ ȩʕɟ ɯɔŏɟɯƚ ɟƚżȩʲƚɟʿ ŏȀǃȩɟǞɾǕȒ ɾȩ
ƚʾɾɟŏżɾ ʾࡏ

_ȩʕɟǞƚɟ ŏȘƇ ǞȘʲƚɟɯƚ _ȩʕɟǞƚɟ ɾɟŏȘɯǀȩɟȒɯ ǞȘ ɯʕųȀǞȘƚŏɟ ɾǞȒƚ ʶǕƚȘ
ɾǕƚ ȩʕɾɔʕɾ Ǟɯ ɯɔŏɟɯƚࡏ

�ɔɔȀǞżŏɾǞȩȘɯ ǞȘࡇ ĦǞɟƚȀƚɯɯ żȩȒȒʕȘǞżŏɾǞȩȘɯࡈ bÚëࡈ ɔɟȩɾƚǞȘ
ǞȒŏǃǞȘǃࡈ ɟŏƇǞȩ ŏɯɾɟȩȘȩȒ ʿࡈ ƚɾżࡏ ƚɾżࡏ ߝߠ


