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$ȩȩȀƚŏȘ ǀʕȘżɾǞȩȘɯ

� ǀʕȘżɾǞȩȘ ] : ,ߜ} ǹ{ߝ → ,ߜ} ࡈ{ߝ ʶǕƚɟƚ ǹ ∈ Z+ Ǟɯ ŏɟǞɾʿ ȩǀ ࡈ[ Ǟɯ żŏȀȀƚƇ ŏ
$ȩȩȀƚŏȘ ǀʕȘżɾǞȩȘ

�Șʿ $ȩȩȀƚŏȘ ǀʕȘżɾǞȩȘ żŏȘ ųƚ ƚʾɔɟƚɯɯƚƇ ŏɯ ŏ żȩȒųǞȘŏɾǞȩȘ ȩǀ ࡈ∧ ࡈ∨ ¬

4ȩ ʶƚ ȘƚƚƇ ŏȀȀ ɾǕɟƚƚ ɾʿɔƚɯ ȩǀ ǃŏɾƚɯࡐ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߥߟ ࡕ ߣߢ



$ȩȩȀƚŏȘ ǀʕȘżɾǞȩȘɯ ȩǀ ŏɟǞɾʿ ߞ

Ú ß
߱ ߱ ߰ ߱ ߰ ߱ ߰ ߱ ߰ ߱
߱ ߰ ߰ ߰ ߱ ߱ ߰ ߰ ߱ ߱
߰ ߱ ߰ ߰ ߰ ߰ ߱ ߱ ߱ ߱
߰ ߰ ߰ ߰ ߰ ߰ ߰ ߰ ߰ ߰

Ú ß
߱ ߱ ߰ ߱ ߰ ߱ ߰ ߱ ߰ ߱
߱ ߰ ߰ ߰ ߱ ߱ ߰ ߰ ߱ ߱
߰ ߱ ߰ ߰ ߰ ߰ ߱ ߱ ߱ ߱
߰ ߰ ߱ ߱ ߱ ߱ ߱ ߱ ߱ ߱

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߜߠ ࡕ ߣߢ
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�ȩǃǞż ǃŏɾƚɯ

ࡈ��4 °áࡈ �°÷

ĭ°á

ࡈ���4 �°áࡈ ĭ�°á

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߝߠ ࡕ ߣߢ



ĆȘǞʲƚɟɯŏȀǞɾʿ ȩǀ ���4 ŏȘƇ �°á

���4 ���࡫ ëǕƚǀǀƚɟ ɯɾɟȩǺƚ࡬ Ó | Ø = ¬(Ó ∧ Ø)
ŏȘƇ �°á ���࡫ ÚǞƚɟżƚ ŏɟɟȩʶ࡬ Ó ↓ Ø = ¬(Ó ∨ Ø)

ŏɟƚ ʕȘǞʲƚɟɯŏȀࡇ

¬Ó ≡ Ó | Ó

Ó ∨ Ø ≡ (Ó | Ó) | (Ø | Ø)

Ó ∧ Ø ≡ (Ó | Ø) | (Ó | Ø)

Ó ¬Ó Ó

Ó

Ø

Ó
Ø

Ó
Ø

Ó
Ø

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߞߠ ࡕ ߣߢ



�ɔɔȀǞżŏɾǞȩȘࡇ �ʕȒųƚɟ ɯʿɯɾƚȒɯ ŏȘƇ
żǞɟżʕǞɾɯ ǀȩɟ ŏƇƇǞɾǞȩȘ
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$ǞȘŏɟʿ ȘʕȒųƚɟ ɯʿɯɾƚȒ

ÚȩɯǞɾǞȩȘŏȀ ɯʿɯɾƚȒࡇ ȒʕȀɾǞɔȀʿ ƚŏżǕ ƇǞǃǞɾ ųʿ Ǟɾɯ ɔȀŏżƚ ʲŏȀʕƚ

4ƚżǞȒŏȀ ȘȩɾŏɾǞȩȘࡇ

ߜߝߤߢߞߠ = ߠ · ߟߜߝ + ߞ · ߞߜߝ + ߢ · ߝߜߝ + ߤ · ߜߜߝ

$ǞȘŏɟʿ ȘȩɾŏɾǞȩȘ

ߜߜߝߝ ߞߝߝߝߜ = ߝ · ߣߞ + ߝ · ߢߞ + ߜ · ߡߞ + ߜ · ߠߞ + ߜ · ߟߞ + ߝ · ߞߞ + ߝ · ߝߞ + ߝ · ߜߞ

= +ߤߞߝ +ߠߢ +ߜ +ߜ +ߜ +ߠ +ߞ ߝ = ߜߝߥߥߝ

kƙɛƙ ǝȗƆǝżƙɫ ߜߝ ŏȗƆ ߞ ŏɛƙ ʑɫƙƆ ɺȧ ǔǝǂǔǿǝǂǔɺ ɺǔƙ ųŏɫƙ ȧƿ ɺǔƙ ȗʑȑųƙɛ ɫʻɫɺƙȑ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߟߠ ࡕ ߣߢ
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+ȩȘʲƚɟɾ ƇƚżǞȒŏȀ ȘʕȒųƚɟɯ ɾȩ ųǞȘŏɟǞƚɯࡇ ƇǞʲǞƇƚ ųʿ ߞ

áʕȀƚࡇ ƇǞʲǞƇƚ ɟƚɔƚŏɾƚƇȀʿ ųʿ ࡈߞ ʶɟǞɾǞȘǃ ƇȩʶȘ ɾǕƚ ɟƚȒǞȘƇƚɟ ǀɟȩȒ ƚŏżǕ ɯɾŏǃƚ
ǀɟȩȒ ɟǞǃǕɾ ɾȩ Ȁƚǀɾࡏ

CʾŏȒɔȀƚࡇ ߲ࡕ߳߳ߵ ः ߲߶߶ ɟƚȒŏǞȘƇƚɟ ः ߱
߲ࡕ߶߶߲ ः ߱߳߳ ɟƚȒŏǞȘƇƚɟ ः ߰
߲ࡕ߳߳߱ ः ߶߶ ɟƚȒŏǞȘƇƚɟ ः ߱
߲ࡕ߶߶ ः ߳߳ ɟƚȒŏǞȘƇƚɟ ः ߰
߲ࡕ߳߳ ः ߱߶ ɟƚȒŏǞȘƇƚɟ ः ߱
߲ࡕ߶߱ ः ߸ ɟƚȒŏǞȘƇƚɟ ः ߰
߲ࡕ߸ ः ߴ ɟƚȒŏǞȘƇƚɟ ः ߰
߲ࡕߴ ः ߲ ɟƚȒŏǞȘƇƚɟ ः ߰
߲ࡕ߲ ः ߱ ɟƚȒŏǞȘƇƚɟ ः ߰
߲ࡕ߱ ः ߰ ɟƚȒŏǞȘƇƚɟ ः ߱

ߜߝߟߟߡ = ߞߝߜߝߜߝߜߜߜߜߝ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߠߠ ࡕ ߣߢ



�ȀɾƚɟȘŏɾǞʲƚ ȒƚɾǕȩƇ

vǀ ʿȩʕ ǺȘȩʶ ɔȩʶƚɟɯ ȩǀ ࡈߞ żȩȘɾǞȘʕŏȀȀʿ ɯʕųɾɟŏżɾ Ȁŏɟǃƚɯɾ ɔȩʶƚɟ ʲŏȀʕƚ ǀɟȩȒ
ɾǕƚ ȘʕȒųƚɟ

ߜߝߟߞߝ = +ߠߢ −ߟߞߝ) (ߠߢ = +ߠߢ ߥߡ
= +ߠߢ +ߞߟ −ߥߡ) (ߞߟ = +ߠߢ +ߞߟ ߣߞ
= +ߠߢ +ߞߟ +ߢߝ −ߣߞ) (ߢߝ = +ߠߢ +ߞߟ +ߢߝ ߝߝ
= +ߠߢ +ߞߟ +ߢߝ +ߤ −ߝߝ) (ߤ = +ߠߢ +ߞߟ +ߢߝ +ߤ ߟ =
= +ߠߢ +ߞߟ +ߢߝ +ߤ +ߞ −ߟ) (ߞ
= +ߠߢ +ߞߟ +ߢߝ +ߤ +ߞ ߝ =
= ߝ · ߢߞ + ߝ · ߡߞ + ߝ · ߠߞ + ߝ · ߟߞ + ߜ · ߞߞ + ߝ · ߝߞ + ߝ · ߜߞ =
= ߞߝߝߜߝߝߝߝ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߡߠ ࡕ ߣߢ



$ǞȘŏɟʿ ŏƇƇǞɾǞȩȘ

ߞߜ + ߞߜ = ߞߜ ߞߜ + ߞߝ = ߞߝ
ߞߝ + ߞߜ = ߞߝ ߞߝ + ߞߝ = ߞߜߝ

ߝ
ߝ

ߝ
ߝ

ߝ
ߝ ߝ

+ ߝ ߜ ߝ ߝ
ߝ ߝ ߜ ߝ ߜ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߢߠ ࡕ ߣߢ
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mŏȀǀࡷŏƇƇƚɟ

ߝ
ߝ

ߝ
ߝ

ߝ
ߝ ߝ

+ ߝ ߜ ߝ ߝ
ߝ ߝ ߜ ߝ ߜ Ú

ß ëʕȒ

+ŏɟɟʿ
Ú ß +ŏɟɟʿ ëʕȒ
߱ ߱ ߱ ߰
߱ ߰ ߰ ߱
߰ ߱ ߰ ߱
߰ ߰ ߰ ߰

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߣߠ ࡕ ߣߢ
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_ʕȀȀࡷŏƇƇƚɟ

mŏȀǀࡷŏƇƇƚɟ

mŏȀǀࡷŏƇƇƚɟ

Ú

ß

*ǝȗ

ã

*ȧʑɺ

Ú ß *ǝȗ *ȧʑɺ ã
߱ ߱ ߱ ߱ ߱
߱ ߱ ߰ ߱ ߰
߱ ߰ ߱ ߱ ߰
߱ ߰ ߰ ߰ ߱
߰ ߱ ߱ ߱ ߰
߰ ߱ ߰ ߰ ߱
߰ ߰ ߱ ߰ ߱
߰ ߰ ߰ ߰ ߰

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߤߠ ࡕ ߣߢ



ȀŏżǺ$ࢇ ųȩʾ࢈ ȘȩɾŏɾǞȩȘ

mŏȀǀࡷŏƇƇƚɟ

mŏȀǀࡷŏƇƇƚɟ

Ú

ß

*ǝȗ

ã

*ȧʑɺ

*ȩʕɾ

ɫ

*ǞȘ

ØÓ

ǀʕȀȀࡷŏƇƇƚɟ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߥߠ ࡕ ߣߢ



ųǞɾࡷߠ ŏƇƇƚɟ

ŏߟ ŏߞ ŏߝ ŏߜ
+ ųߟ ųߞ ųߝ ųߜ

ż ɫߟ ɫߞ ɫߝ ɫߜ

*ȩʕɾ
ɫ

*ǞȘ
ØÓ

ǀʕȀȀࡷŏƇƇƚɟ

*ȩʕɾ
ɫ

*ǞȘ
ØÓ

ǀʕȀȀࡷŏƇƇƚɟ

*ȩʕɾ
ɫ

*ǞȘ
ØÓ

ǀʕȀȀࡷŏƇƇƚɟ

*ȩʕɾ
ɫ

*ǞȘ
ØÓ

ǀʕȀȀࡷŏƇƇƚɟ

ŏߟ ųߟ

ɫߟ

ż

ŏߞ ųߞ

ɫߞ

ŏߝ ųߝ

ɫߝ

ŏߜ ųߜ

ߜ

ɫߜ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߜߡ ࡕ ߣߢ
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+ȩȒɔʕɾƚɟ ɟƚɔɟƚɯƚȘɾŏɾǞȩȘ ȩǀ ȘƚǃŏɾǞʲƚ ǞȘɾƚǃƚɟɯ

÷ʿɔǞżŏȀȀʿ ŏ ˙ʾƚƇ ȘʕȒųƚɟ ȩǀ ųǞɾɯ Ǟɯ ʕɯƚƇ ɾȩ ɟƚɔɟƚɯƚȘɾ ǞȘɾƚǃƚɟɯࡇ
ࡈߤ ࡈߢߝ ߞߟ ȩɟ ߠߢ ųǞɾɯ

ĆȘɯǞǃȘƚƇ ǞȘɾƚǃƚɟ żŏȘ ɾŏǺƚ ŏȀȀ ɯɔŏżƚ ŏʲŏǞȀŏųȀƚ
ëǞǃȘƚƇ ǞȘɾƚǃƚɟɯ

�ƚŏƇǞȘǃ ɯǞǃȘ
ߜ ߜߜߜ ߞߝߜߜߜ = ߜߝߝ
ߝ ߜߜߜ ߞߝߜߜߜ = ߜߝߝ−

ųʕɾ ɾǕƚȘ
ߝ ߜߜߜ ߞߜߜߜߜ = ߜߝߜ− U\5V

÷ʶȩ࢈ɯ żȩȒɔȀƚȒƚȘɾࡇ
ǃǞʲƚȘ ŏ ɔȩɯǞɾǞʲƚ ǞȘɾƚǃƚɟ ŏࡈ ɾǕƚ ɾʶȩ࢈ɯ żȩȒɔȀƚȒƚȘɾ ȩǀ ŏ ɟƚȀŏɾǞʲƚ ɾȩ ŏ ˙ʾƚƇ
ųǞɾ ȀƚȘǃɾǕ ȗ Ǟɯ ɾǕƚ ųǞȘŏɟʿ ɟƚɔɟƚɯƚȘɾŏɾǞȩȘ ȩǀ

ȗߞ − ŏ.

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߡ ÚɟȩɔȩɯǞɾǞȩȘŏȀ �ȩǃǞżࡈ ƇǞǃǞɾŏȀ żǞɟżʕǞɾɯ ॆ żȩȒɔʕɾƚɟ ŏɟǞɾǕȒƚɾǞż ߝߡ ࡕ ߣߢ
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