
ÚɟǞȩɟǞɾƚɾɯǺɍࡈ mƚŏɔɯ ȩǃ mʕǀǀȒŏȘࡷǺȩƇǞȘǃ
vߜߝߜߞ� ࡵ �ȀǃȩɟǞɾȒƚɟ ȩǃ 4ŏɾŏɯɾɟʕǺɾʕɟƚɟ

�ŏɟɯ ÷ʲƚǞɾȩ ȩǃ 4ŏȘǞƚȀ �ʕɔɔ
mɍɯɾƚȘ ߜߞߜߞ

vȘɯɾǞɾʕɾɾ ǀȩɟ ǞȘǀȩɟȒŏɾǞǺǺࡈ ĆȘǞʲƚɟɯǞɾƚɾƚɾ Ǟ °ɯȀȩ
ȀŏɟɯɾʲƚǞॅǞ˙ࡏʕǞȩࡏȘȩ
ƇŏȘǞƚȀʕɔॅǞ˙ࡏʕǞȩࡏȘȩ



°ʲƚɟɯǞǺɾ ʕǺƚ ߣߟ



°ʲƚɟɯǞǺɾ ʕǺƚ ߣߟ

ࡄ ģǞ ɯɾŏɟɾƚɟ ȒƚƇ ū ǞȘɾɟȩƇʕɯƚɟƚ ŏųɯɾɟŏǺɾƚ Ƈŏɾŏɾʿɔƚɟ
ࡄ ģǞ ǺȩȘɯƚȘɾɟƚɟ ȩɯɯ ǀɍɟɯɾ ȩǃ ǀɟƚȒɯɾ ȩȒ ɑɛǝȧɛǝɺƙɺɫǹɊƙɛ

ࡄ ɯȩȒ ƚɟ ƚɾ ƚǺɯƚȒɔƚȀ ɔū ƚȘ ŏųɯɾɟŏǺɾ Ƈŏɾŏɾʿɔƚࡋ

ࡄ ģǞ ɯǺŏȀ ȀŰɟƚ ȩȒ kƙŏɑɫࡈ ɯȩȒ ƚɟ ƚȘ Ȓūɾƚ ū Ȁŏǃƚ ɔɟǞȩɟǞɾƚɾɯǺɍƚɟ
ࡄ ģǞ ɯǺŏȀ ɯƚ ɔū ǕʕǀǀȒŏȘࡷǺȩƇǞȘǃ ɯȩȒ ƚɟ ƚȘ ȘʿƇƚȀǞǃ ŏȘʲƚȘƇƚȀɯƚ ŏʲ ɔɟǞȩɟǞɾƚɾɯǺɍƚɟ

ߝ



�ųɯɾɟŏǺɾƚ Ƈŏɾŏɾʿɔƚɟ



�ųɯɾɟŏǺɾƚ Ƈŏɾŏɾʿɔƚɟ

ࡄ CȘ ŏųɯɾɟŏǺɾ Ƈŏɾŏɾʿɔƚ ɯǞƚɟ ȩȒ ȩɔɔǀɍɟɯƚȀࡈ ȒƚȘ ǞȘǃƚȘɾǞȘǃ ȩȒ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘ
ࡄ ȩǀɾƚ ǀȩɟǺȩɟɾƚɾ ɯȩȒ ÷�4

ࡄ v �ŏʲŏ ųɟʕǺƚɟ ȒŏȘ ȩǀɾƚ ƚɾ °Éê�ß§��� ǀȩɟ ū ųƚɯǺɟǞʲƚ ŏųɯɾɟŏǺɾƚ Ƈŏɾŏɾʿɔƚɟ
ࡄ CȘ ŏųɯɾɟŏǺɾ Ƈŏɾŏɾʿɔƚ ǺŏȘ Ǖŏ ȒŏȘǃƚ ǺȩȘǺɟƚɾƚ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘƚɟ
ࡄ CȘ ƇŏɾŏɯɾɟʕǺɾʕɟ ǺŏȘ ųɟʕǺƚɯ ǀȩɟ ū ǞȒɔȀƚȒƚȘɾƚɟƚ ƚȘ ŏųɯɾɟŏǺɾ Ƈŏɾŏɾʿɔƚ

ߞ



�ųɯɾɟŏǺɾƚ Ƈŏɾŏɾʿɔƚɟ ࡵ ƚǺɯƚȒɔȀƚɟ

ࡄ ;°ãê ࡵ ʲǞ ǀȩɟʲƚȘɾƚɟ ū ǺʕȘȘƚ
ࡄ Ȁƚǃǃƚ ɾǞȀ ǺŏȘɯǺǲƚ ųūƇƚ ɔū ųƚǃʿȘȘƚȀɯƚȘ ȩǃ ɔū ɯȀʕɾɾƚȘ
ࡄ ɯȀƚɾɾƚ
ࡄ ɯȀū ȩɔɔ ɔū ǞȘƇƚǺɯ

ࡄ [�ê ࡵ ʲǞ ǀȩɟʲƚȘɾƚɟ ū ǺʕȘȘƚ
ࡄ Ȁƚǃǃƚ ɾǞȀࡈ ȒƚȘ ʕɾƚȘ ƇʕɔȀǞǺŏɾƚɟ
ࡄ ɯȀƚɾɾƚ
ࡄ ʕȘǞȩȘࡈ ɯȘǞɾɾࡈ ƇǞǀǀƚɟŏȘɯƚࡈ ƚɾżࡏ

ࡄ A�Ü ࡵ ʲǞ ǀȩɟʲƚȘɾƚɟ ū ǺʕȘȘƚ
ࡄ ŏɯɯȩɯǞƚɟƚ ȘɍǺǺƚȀ ȒƚƇ ʲƚɟƇǞ
ࡄ ɯȀū ȩɔɔ ɔū ȘɍǺǺƚȀ
ࡄ ǀǲƚɟȘƚ ȘɍǺǺƚȀ

ߟ



�ųɯɾɟŏǺɾƚ Ƈŏɾŏɾʿɔƚɟ ࡵ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘ

ࡄ ģǞ Ǖŏɟ ɯƚɾɾ Ȓʿƚ ɔū ųǞȘŰɟƚ ɯɍǺƚɾɟŰɟ
ࡄ 4Ǟɯɯƚ ǃǲɍɟ ɯƚǃ ƇūɟȀǞǃ ɾǞȀ ū ǞȒɔȀƚȒƚȘɾƚɟƚ ȀǞɯɾƚɟ
ࡄ 4ƚ ǀʕȘǃƚɟƚɟ ǺǲƚȒɔƚ˙Șɾ ǀȩɟ ū ǞȒɔȀƚȒƚȘɾƚɟƚ ȒƚȘǃƇƚɟ �ê]

ࡄ ȩǀɾƚ ǀȩɟƚɾɟƚǺǺƚɯ ƚȘ ǕŏɯǕࡷųŏɯƚɟɾ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘ
ࡄ 4ƚ ǀʕȘǃƚɟƚɟ ȀǞǺƚ ˙Șɾ ǀȩɟ ū ǞȒɔȀƚȒƚȘɾƚɟƚ ȒŏɔɔǞȘǃƚɟ A�Ü

ࡄ ȩǀɾƚ ǀȩɟƚɾɟƚǺǺƚɯ ƚȘ ǕŏɯǕࡷųŏɯƚɟɾ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘ

ߠ



�ųɯɾɟŏǺɾƚ Ƈŏɾŏɾʿɔƚɟ ࡵ ȩųȀǞǃ ߝ

ࡄ °ɔɔǃŏʲƚ ߝ Ǟ ȩųȀǞǃƚȘ ǃǞɟ ƚȘ ŏųɯɾɟŏǺɾ Ƈŏɾŏɾʿɔƚ a�Þïࡈ� ɯȩȒ ɯɾɍɾɾƚɟࡇ
ࡄ Üïãϡ���¿ϬĀϭ ࡴ ɯƚɾɾ ƚȀƚȒƚȘɾƚɾ Ā ǞȘȘ ųŏǺƚɟɯɾ Ǟ ǺɍƚȘ
ࡄ Üïãϡ§ßÐÉêϬĀϭ ࡴ ɯƚɾɾ ƚȀƚȒƚȘɾƚɾ Ā ǞȘȘ ǀɟƚȒɯɾ Ǟ ǺɍƚȘ
ࡄ ÜïãϡÈ°��Â�ϬĀϭ ࡴ ɯƚɾɾ ƚȀƚȒƚȘɾƚɾ Ā ǞȘȘ Ǟ ȒǞƇɾƚȘ ŏʲ ǺɍƚȘ
ࡄ ¨�êϬ°ϭ ࡴ ɔɟǞȘɾƚɟ Ƈƚɾ ɾƚࡷ° ƚȀƚȒƚȘɾƚɾ Ǟ ǺɍƚȘ

ࡄ 4ƚɾ ˙ȘȘƚɯ ˚ƚɟƚ ƇŏɾŏɯɾɟʕǺɾʕɟ ɯȩȒ ǺŏȘ ƚǃȘƚ ɯƚǃ

ߡ



÷Ǟɔɯ ɾǞȀ ȩųȀǞǃ ߝ

ࡄ vǺǺƚ ɾƚȘǺ ɔū ƚǀǀƚǺɾǞʲǞɾƚɾ Ǟ ǀɍɟɯɾƚ ȩȒǃŏȘǃࡋ
ࡄ bǲɍɟ Ƈƚɾ ƚȘǺƚȀɾ
ࡄ mʕɯǺ ŏɾ ǕƚȀƚ �ŏʲŏ ɯǞɾɾ ɯɾŏȘƇŏɟƇųǞųȀǞȩɾƚǺ ǺŏȘ ųƚȘʿɾɾƚɯ
ࡄ mʕɯǺ ŏɾ Ƈƚɾ ǞǺǺƚ Ȓū ʲŰɟƚ ɟŏɯǺɾ ǀȩɟ ū ųȀǞ ǃȩƇǺǲƚȘɾ
ࡄ mʕɯǺ ŏɾ ʲǞ ɍȘɯǺƚɟ ŏɾ ŏȀȀƚ ɯǺŏȀ ǺȩȒȒƚ ǃǲƚȘȘȩȒ

ࡄ ģǞ ǀȩɟʲƚȘɾƚɟ ǞǺǺƚ ŏɾ Ƈƚɟƚ ǺŏȘ Ƈƚɾɾƚ ǀɟŏ ǀɍɟ
ࡄ ģǞ ǀȩɟʲƚȘɾƚɟ ǺʕȘ ɯƚɟǞɍɯɾ ŏɟųƚǞƇ

ߢ



ÚɟǞȩɟǞɾƚɾɯǺɍƚɟ



ÚɟǞȩɟǞɾƚɾɯǺɍƚɟ

ࡄ CȘ ɔɟǞȩɟǞɾƚɾɯǺɍ ƚɟ ƚȘ ɯŏȒȀǞȘǃ ƚȀƚȒƚȘɾƚɟࡈ ɯȩȒ ɯɾɍɾɾƚɟ ǀɍȀǃƚȘƇƚ ȩɔƚɟŏɯǲȩȘƚɟࡇ
ࡄ °Éã�ßêϬ�ϭ ࡴ ɔȀŏɯɯƚɟƚɟ ƚɾ ƚȀƚȒƚȘɾ Ǟ ǺɍƚȘ
ࡄ ß�ÈÐú�A°ÉϬϭ ࡴ ǀǲƚɟȘƚɟ ȩǃ ɟƚɾʕɟȘƚɟƚɟ Ƈƚɾ ȑǝȗɫɺƙ ƚȀƚȒƚȘɾƚɾ ǀɟŏ ǺɍƚȘ
ࡄ °ǀɾƚ ųɟʕǺƚɯ ÜïãϬ�ϭ ȩǃ ÜÐÜϬϭ Ǟ ɯɾƚƇƚɾࡏ

ࡄ �ʕȀǞǃƚ ʕȘƇƚɟȀǞǃǃƚȘƇƚ ƇŏɾŏɯɾɟʕǺɾʕɟƚɟࡇ
ࡄ CȘ ʕɯȩɟɾƚɟɾ ȀƚȘǺƚɾ ȀǞɯɾƚࡈ Ǖʲȩɟ ȒǞȘɯɾƚ ǺŏȘ ȀǞǃǃƚ Ǖʲȩɟ ɯȩȒ ǕƚȀɯɾ

ࡄ ª(ߝ) ɔū °Éã�ßêࡈ ȒƚȘ ª(ȗ) ɔū ß�ÈÐú�A°É
ࡄ CȘ ɯȩɟɾƚɟɾ ȀƚȘǺƚɾ ȀǞɯɾƚࡈ Ǖʲȩɟ ȒǞȘɯɾƚ ŏȀȀɾǞƇ ȀǞǃǃƚɟ ǀɍɟɯɾ Ǟ ȀǞɯɾŏ

ࡄ ª(ȗ) ɔū °Éã�ßêࡈ ȒƚȘ ª(ߝ) ɔū ß�ÈÐú�A°É
ࡄ Cɾ ųŏȀŏȘɯƚɟɾ ųǞȘŰɟɾ ɯɍǺƚɾɟƚࡈ Ǖʲȩɟ ȒǞȘɯɾƚ ȀǞǃǃƚɟ ȀƚȘǃɯɾ ɾǞȀ ʲƚȘɯɾɟƚ

ࡄ ª(ǿȧǂ(ȗ)) ɔū °Éã�ßê ȩǃ ª(ǿȧǂ(ȗ)) ɔū ß�ÈÐú�A°É
ࡄ CȘ ǔƙŏɑ ɯȩȒ ʲǞ ɯǺŏȀ ȀŰɟƚ ȩȒ ƇƚȘȘƚ ʕǺƚȘ

ࡄ �ƚɟǺ ŏɾ ʲǞ Ȓū ǺʕȘȘƚ ȧɛƆȗƙ ƚȀƚȒƚȘɾƚȘƚ ɯȩȒ ɯǺŏȀ ɔȀŏɯɯƚɟƚɯ Ǟ ǺɍƚȘ

ߣ



�Ǟɾɾ ȩȒ ɾȩɾŏȀƚ ȩɟƇȘǞȘǃƚɟ

ࡄ ģǞ ǺǲƚȘȘƚɟ ŏȀȀƚɟƚƇƚ ɾǞȀ ȒŏȘǃƚ ɾȩɾŏȀƚ ȩɟƇȘǞȘǃƚɟ
ࡄ vȘɾʕǞɯǲȩȘƚȘ ƚɟ ŏɾ ƇƚɟɯȩȒ Ƈʕ ʲƚɾ ǕʲȩɟƇŏȘ Ƈʕ ʲǞȀȀƚ ɯȩɟɾƚɟɾ Șȩƚ

ࡄ ɯū ɾƚȘǺƚɟ Ƈʕ ɔū ƚȘ ɾȩɾŏȀ ȩɟƇȘǞȘǃ
ࡄ ģǞ ǺȀŏɟƚɟ ǀȩɟ ƚǺɯƚȒɔƚȀ ū ɯȩɟɾƚɟƚ ɔƚɟɯȩȘƚɟ ƚɾɾƚɟ ŏǿƆƙɛ

ࡄ 4ƚɾ ƚɟ ǀȩɟƇǞ ŏȀƇƚɟ ųŏɟƚ ƚɟ ƚɾ ȘŏɾʕɟȀǞǃ ɾŏȀȀ
ࡄ ȩǃ ≤ ʕɾǃǲɍɟ ƚȘ ɺȧɺŏǿ ȧɛƆȗǝȗǂ ɔū Ƈƚ ȘŏɾʕɟȀǞǃƚ ɾŏȀȀƚȘƚ

ߤ



�Ǟɾɾ ȩȒ ɾȩɾŏȀƚ ȩɟƇȘǞȘǃƚɟ

ࡄ _ȩɟȒƚȀɾ ƚɟ ƚȘ ɾȩɾŏȀ ȩɟƇȘǞȘǃ ƚȘ ųǞȘŰɟ ɟƚȀŏɯǲȩȘ " ɔū ƚȘ ȒƚȘǃƇƚ ࡇ�
ࡄ mʲǞɯ ʺ, ʻ, ˈ ∈ � ɯū Ǖŏɟ ʲǞ ǀɍȀǃƚȘƇƚࡇ

ࡄ ʺ ! ʺ áƚ˚ƚǺɯǞʲǞɾƚɾ
ࡄ mʲǞɯ ʺ ! ʻ ȩǃ ʻ ! ʺ ɯū ƚɟ ʺ = ʻ �ȘɾǞɯʿȒȒƚɾɟǞ
ࡄ mʲǞɯ ʺ ! ʻ ȩǃ ʻ ! ˈ ɯū ƚɟ ʺ ! ˈ ɟŏȘɯǞɾǞʲǞɾƚɾ÷
ࡄ ʺ ! ʻ ƚȀȀƚɟ ʻ ! ʺ ȩɾŏȀ÷

ࡄ mʲǞɯ ƚȘ ǺȀŏɯɯƚ ǞȒɔȀȒƚȘɾƚɟƚɟ �ÐÈÜ�ß��Â� Ǟ �ŏʲŏ
ࡄ ɯū ƚɟ Ƈƚɾ ƚȘ ɾȩɾŏȀ ȩɟƇȘǞȘǃ ȩʲƚɟ ȩųǲƚǺɾƚɟ ŏʲ ƇƚȘ ǺȀŏɯɯƚȘ
ࡄ ȒƚƇࡊ ȒǞȘƇɟƚ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘƚȘ ųɟʿɾƚɟ ȒƚƇ ǺɟŏʲƚȘƚ ȩʲƚȘǀȩɟ

ࡄ mʲǞɯ ƚȘ ǺȀŏɯɯƚ ǞȒɔȀȒƚȘɾƚɟƚɟ ϡϡÂêϡϡ Ǟ ÚʿɾǕȩȘ
ࡄ ɯū ƚɟ Ƈƚɾ ƚȘ ɾȩɾŏȀ ȩɟƇȘǞȘǃ ȩʲƚɟ ȩųǲƚǺɾƚɟ ŏʲ ƇƚȘ ǺȀŏɯɯƚȘ
ࡄ ȒƚƇࡊ ȒǞȘƇɟƚ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘƚȘ ųɟʿɾƚɟ ȒƚƇ ǺɟŏʲƚȘƚ ȩʲƚȘǀȩɟ

ߥ



$ǞȘŰɟƚ Ǖƚŏɔɯ



$ǞȘŰɟƚ Ǖƚŏɔɯ

ࡄ CȘ ųǞȘŰɟ Ǖƚŏɔ ƚɟ ƚɾ ųǞȘŰɟɾɟƚ ɯȩȒ ȩɔɔǀʿȀȀƚɟ ǀɍȀǃƚȘƇƚ ƚǃƚȘɯǺŏɔƚɟࡇ
ࡏߝ mʲƚɟ ȘȩƇƚ ʮ ɯȩȒ ǞǺǺƚ ƚɟ ɟȩɾȘȩƇƚȘࡈ ƚɟ ɯɾɍɟɟƚ ƚȘ ǀȩɟƚȀƇɟƚȘȩƇƚȘࡏ
ࡏߞ $ǞȘŰɟɾɟƚƚɾ Ȓū ʲŰɟƚ ǹȧȑɑǿƙɺɺࡏ

ࡄ Cɾ ǺȩȒɔȀƚɾɾ ųǞȘŰɟɾɟƚ ƚɟ ƚɾ ɾɟƚ ɯȩȒ ǀʿȀȀƚɯࢀ ȩɔɔࢁ ǀɟŏ ʲƚȘɯɾɟƚ Ȓȩɾ Ǖɍʿɟƚ

· · ·
· · ·

· · ·

ࡄ mʲǞɯ ɾɟƚƚɾ Ǖŏɟ ǕɍʿƇƚ ǔ
ࡄ ëū ƚɟ Ƈƚɾ ǝߞ ȘȩƇƚɟ ȒƚƇ ƇʿųƇƚ ǝ ǀȩɟ ߜ ≤ ǝ < ǔ
ࡄ �ȩƇƚɟ ȒƚƇ ƇʿųƇƚ ǔ ƚɟ ɔȀŏɯɯƚɟɾ ɯū ȀŏȘǃɾ ɾǞȀ ʲƚȘɯɾɟƚ ɯȩȒ ȒʕȀǞǃ

ߜߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ȩǃ ųŏȀŏȘɯƚɟɾƚ ɯɍǺƚɾɟŰɟ

ࡄ ģǞ ʲǞȀ ɯƚ ŏɾ ųǞȘŰɟƚ Ǖƚŏɔɯ ǀūɟ ª(ǿȧǂ(ȗ)) ɔū ǞȘȘƚɯɾɾǞȘǃ ȩǃ ɯȀƚɾɾǞȘǃ ŏʲ ȒǞȘɯɾƚ
ࡄ 4ƚɾ ƚɟ ɯŏȒȒƚ ǺȩȒɔȀƚǺɯǞɾƚɾ ɯȩȒ ʲǞ ǀūɟ ȒƚƇ ųŏȀŏȘɯƚɟɾƚ ɯɍǺƚɾɟŰɟ
ࡄ mʲŏ ƚɟ Ƈŏ ɔȩƚȘǃƚɾࡐ

ࡄ mƚŏɔɯ ɯɾɍɾɾƚɟ ǀŰɟɟƚ ȩɔƚɟŏɯǲȩȘƚɟ ȩǃ Ǖŏɟ ƚȘ ɯʲŏǺƚɟƚ ǞȘʲŏɟǞŏȘɾ
ࡄ mƚŏɔɯ ƚɟ ǺȩȒɔȀƚɾɾƚࡈ ɯū Ƈƚ ƚɟ ŏȀȀɾǞƇ ųŏȀŏȘɯƚɟɾƚ
ࡄ 4ƚ ƚɟ Ȓƚɟ ųŏȀŏȘɯƚɟɾƚ ƚȘȘ ųūƇƚ �ģࡷ� ȩǃ ɟɍƇࡷɯʲŏɟɾƚ ɾɟŰɟ
ࡄ ģǞ ɾɟƚȘǃƚɟ ǞȘǃƚȘ ɟȩɾŏɯǲȩȘƚɟ
ࡄ �ŏȘ ǞȒɔȀƚȒƚȘɾƚɟƚɯ ƚǀǀƚǺɾǞʲɾ ȒƚƇ ŏɟɟŏʿƚɟ

ߝߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ƚǺɯƚȒɔƚȀ

ߜ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߠ

ߢ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ࡄ �ƚɟǺ ŏɾ Ǖʲƚɟ ȘȩƇƚ ƚɟ ɯɾɍɟɟƚ ƚȘȘ ǀȩɟƚȀƇɟƚȘȩƇƚȘ
ࡄ °ǃ ŏɾ ɾɟƚƚɾ ƚɟ ǺȩȒɔȀƚɾɾࡋ
ࡄ 4ƚɾ ɾǞȀɯʲŏɟƚȘƇƚ ŏɟɟŏʿƚɾ ɯƚɟ ɯȀǞǺ ʕɾࡇ
ߜ ߝ ߣ ߞ ߠ ߝߝ ߜߝ ߡ ߜߝ ߢ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߞߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞƇƛ ųŏǺ ǞȘȘɯƚɾɾǞȘǃ

ࡄ mȩʲƚƇǞƇƛƚȘ ƚɟ ū ŏȀȀɾǞƇ Ȁƚǃǃƚ ɾǞȀ ɔū Șƚɯɾƚࢆ ȀƚƇǞǃƚ ɔȀŏɯɯࢆ
ࡄ �Ȁɾɯūࡈ Ƈƚɟ Șƚɯɾƚ ȘȩƇƚ ȑū ʲŰɟƚ ǀȩɟ ŏɾ ɾɟƚƚɾ ǀȩɟɾɯŏɾɾ ɯǺŏȀ ʲŰɟƚ ǺȩȒɔȀƚɾɾ

ࡄ mʲǞɯ ȘȩƇƚȘ ɔū ƇƚȘ Șʿƚ ɔȀŏɯɯƚȘ ƚɟ ȒǞȘƇɟƚ ƚȘȘ ǀȩɟƚȀƇɟƚȘȩƇƚȘ
ࡄ ɯū Ȓū Ƈƚ ųʿɾɾƚ ɔȀŏɯɯࡋ
ࡄ ǀȩɟɾɯƚɾɾ ɟƚǺʕɟɯǞʲɾ

ߟߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞƇƛ ųŏǺ ɯȀƚɾɾǞȘǃ

ࡄ $ʿɾɾ ʲƚɟƇǞƚȘ Ǟ ɟȩɾȘȩƇƚȘ ȒƚƇ ʲƚɟƇǞƚȘ Ǟ ƇƚȘࢆ ɯǞɯɾƚࢆ ȘȩƇƚȘ Ǟ ɾɟƚƚɾ
ࡄ �Ȁɾɯūࡈ ƇƚȘ ƚȘƚɯɾƚ ȘȩƇƚȘ ɯȩȒ ǺŏȘ ǀǲƚɟȘƚɯ ȩǃ ɾɟƚƚɾ ǀȩɟɾɯŏɾɾ ƚɟ ǺȩȒɔȀƚɾɾ

ࡄ mʲǞɯ ȘȩƇƚȘ ƚɟ ɯɾɍɟɟƚ ƚȘȘ ƚȘ ŏʲ ųŏɟȘŏ
ࡄ ɯū Ȓū ƇƚȘ ųʿɾɾƚ ɔȀŏɯɯ ȒƚƇ ƇƚȘ ȒǞȘɯɾƚ
ࡄ ǀȩɟɾɯƚɾɾ ɟƚǺʕɟɯǞʲɾ

ߠߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ÷ɟƚࡷ ʲɯ ŏɟɟŏʿǞȒɔȀƚȒƚȘɾŏɯǲȩȘ

ࡄ mƚŏɔɯ ƚɟ ʲŏȘȀǞǃʲǞɯ ǞȒɔȀƚȒƚȘɾƚɟɾ ȒƚƇ ŏɛɛŏʻƙɛ
ࡄ 4ƚɾɾƚ ƚɟ ǀȩɟƇǞ ȘȩƇƚȘƚ ȀǞǃǃƚɟ ɔȀŏɯɯƚɟɾ ɯū ɟʿƇƇǞǃ ȩǃ ɔƚȘɾ
ࡄ �ƚƇ ƚȘ ɾɟƚࡷǞȒɔȀƚȒƚȘɾŏɯǲȩȘ ɾɟƚȘǃƚɟ ȒŏȘ

ࡄ CȀƚȒƚȘɾƚɾ ȩǃ ʲƚȘɯɾɟƚࡷ ȩǃ Ǖɍʿɟƚ ųŏɟȘ Ǟ Ǖʲƚɟ ȘȩƇƚࡈ ɯȩȒ ʲŏȘȀǞǃ
ࡄ v ɾǞȀȀƚǃǃ ɾɟƚȘǃƚɟ Ǖʲƚɟ ȘȩƇƚ ɔƚǺƚɟ ɾǞȀ ǀȩɟƚȀƇƚɟȘȩƇƚȘ
ࡄ ģǞ ɾɟƚȘǃƚɟ ƚȘ ɔƚǺƚɟ ɾǞȀ ɯǞɯɾƚ ȘȩƇƚ

ࡄ Ƈƚɾɾƚ ǺŏȘ ʲŰɟƚ ųȀǞ ȀǞɾɾ ǺȀɍȘƚɾƚ
ࡄ �ȀɾƚɟȘŏɾǞʲɾ ɾɟƚȘǃƚɟ ȒŏȘ ųŏɟƚ ʲǞɾƚ ɯɾɍɟɟƚȀɯƚȘ ɔū ɾɟƚƚɾ

ࡄ ǀȩɟ ū ˙ȘȘƚ ɯǞɯɾƚ ȘȩƇƚ ɔū ª(ǿȧǂ(ȗ)) ɾǞƇ
ࡄ ࡇȘɍɾɾ Ǖʲȩɟǀȩɟࡐ

ߡߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ÷ɟƚࡷ ʲɯ ŏɟɟŏʿǞȒɔȀƚȒƚȘɾŏɯǲȩȘ

ߢߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ �ɟɟŏʿ ɟƚɔɟƚɯƚȘɾŏɯǲȩȘ

ࡄ mʕɯǺ ŏɾ ʲǞ ųʿǃǃƚɟ ƚɾ ǹȧȑɑǿƙɺɺ ɾɟƚ
ࡄ �ŏ � ʲŰɟƚ ŏɟɟŏʿƚȘ ɯȩȒ ɟƚɔɟƚɯƚȘɾƚɟƚɟ ǕƚŏɔƚȘ
ࡄ ȩǃ Ȁŏ ȗ ʲŰɟƚ ƚȀƚȒƚȘɾƚɟ ɔū ǕƚŏɔƚȘࡈ Ƈƚɟ ȗ ≤ |�|
ࡄ 4ŏ ǃǞɟ ࡠߢ� ɟȩɾƚȘ ŏʲ ɾɟƚƚɾ
ࡄ ࡠߣࡹȗ� ǺȩɟɟƚɯɔȩȘƇƚɟƚɟ ɾǞȀ ࢆɯǞɯɾƚࢆ ȘȩƇƚȘ Ǟ ɾɟƚƚɾ
ࡄ ëƚɾɾ ǞȘȘ ɔū ɔȀŏɯɯ ࡠȗ� ȩǃ ųȩųųȀƚɟ ȩɔɔ ǕʲǞɯ ȘɍƇʲƚȘƇǞǃ

ࡄ ʲǞ Ȓū ɔŏɯɯƚ ɔū ŏɾ Ƈƚɾ ƚɟ ȘȩǺ ɔȀŏɯɯ Ǟ ŏɟɟŏʿƚɾ
ࡄ ëȀƚɾɾ ʲƚƇ ū ˚ʿɾɾƚ ࡠߣࡹȗ� ɾǞȀ ɟȩɾƚȘ ȩǃ ųȩųųȀƚ ȘƚƇ ǕʲǞɯ ȘɍƇʲƚȘƇǞǃ
ࡄ _ȩɟƚȀƇɟƚȘȩƇƚȘ ɾǞȀ ࡠǝ� ƚɟ ɔū ɔȀŏɯɯ $ ǝ−ߞߝ %
ࡄ ģƚȘɯɾɟƚ ųŏɟȘ ɾǞȀ ࡠǝ� ƚɟ ɔū ɔȀŏɯɯ +ǝߞ ߝ
ࡄ mɍʿɟƚ ųŏɟȘ ɾǞȀ ࡠǝ� ƚɟ ɔū ɔȀŏɯɯ +ǝߞ ߞ

ߣߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞȘȘɯƚɾɾǞȘǃ ƚǺɯƚȒɔƚȀ

ߜ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߠ

ߢ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߜ ߝ ߣ ߞ ߠ ߝߝ ߜߝ ߡ ߜߝ ߢ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

�ŏǃ ƚȘ ȘȩƇƚ ɔū ƇƚȘ ɯǞɯɾƚࢆ ɔȀŏɯɯƚȘࡈࢆ ɯȩȒ ƚɟ ǞȘƇƚǺɯ ߜߞ
ߤߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞȘȘɯƚɾɾǞȘǃ ƚǺɯƚȒɔƚȀ

ߜ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߠ

ߢ

ߟߞ ߟ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߜ ߝ ߣ ߞ ߠ ߝߝ ߜߝ ߡ ߜߝ ߢ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ߟ
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ëŏȒȒƚȘȀǞǃȘ ȒƚƇ ǀȩɟƚȀƇɟƚȘȩƇƚȘࡈ ɯȩȒ ƚɟ ǞȘƇƚʾ $ ߞߝ−ߜߞ % = ߥ
ߥߝ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞȘȘɯƚɾɾǞȘǃ ƚǺɯƚȒɔƚȀ

ߜ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߠ

ߟ

ߟߞ ߢ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߜ ߝ ߣ ߞ ߠ ߝߝ ߜߝ ߡ ߜߝ ߟ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ߢ
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ߟ ȩǃ ߢ ųʿɾɾƚɟ ɔȀŏɯɯࡈ ǀȩɟƇǞ ߟ ≤ ߢ
ߜߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞȘȘɯƚɾɾǞȘǃ ƚǺɯƚȒɔƚȀ

ߜ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߠ

ߟ

ߟߞ ߢ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߜ ߝ ߣ ߞ ߠ ߝߝ ߜߝ ߡ ߜߝ ߟ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ߢ
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

vǃǲƚȘࡈ ɯŏȒȒƚȘȀǞǃȘ ȒƚƇ ǀȩɟƚȀƇƚɟȘȩƇƚȘࡈ ɯȩȒ ƚɟ ǞȘƇƚʾ ߞߝ−ߥ$ % = ߠ
ߝߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞȘȘɯƚɾɾǞȘǃ ƚǺɯƚȒɔƚȀ

ߜ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ ߢ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߜ ߝ ߣ ߞ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ߢ
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ߟ ȩǃ ߠ ųʿɾɾƚɟ ɔȀŏɯɯࡈ ǀȩɟƇǞ ߟ ≤ ߠ
ߞߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞȘȘɯƚɾɾǞȘǃ ƚǺɯƚȒɔƚȀ

ߜ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ ߢ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߜ ߝ ߣ ߞ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ߢ
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

vǃǲƚȘࡈ ɯŏȒȒƚȘȀǞǃȘ ȒƚƇ ǀȩɟƚȀƇɟƚȘȩƇƚȘࡈ ɯȩȒ ƚɟ ǞȘƇƚʾ ߞߝ−ߠ$ % = ߝ
ߟߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞȘȘɯƚɾɾǞȘǃ ƚǺɯƚȒɔƚȀ

ߜ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ ߢ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߜ ߝ ߣ ߞ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ߢ
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

�ȀǃȩɟǞɾȒƚȘ ɾƚɟȒǞȘƚɟƚɟࡈ ǀȩɟƇǞ ߟ &≤ ߝ
ߠߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǞȘȘɯƚɾɾǞȘǃ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘ

�ȀǃȩɟǞɾǕȒ ࡇߝ vȘȘɯƚɾɾǞȘǃ Ǟ Ǖƚŏɔ
vȘɔʕɾࡇ Cɾ ŏɟɟŏʿ � ɯȩȒ ɟƚɔɟƚɯƚȘɾƚɟƚɟ ƚȘ Ǖƚŏɔ ȒƚƇ ȗ ƚȀƚȒƚȘɾƚɟࡈ ȩǃ ƚɾ ƚȀƚȒƚȘɾ ʺ
°ʕɾɔʕɾࡇ Cɾ ŏɟɟŏʿ ɯȩȒ ɟƚɔɟƚɯƚȘɾƚɟƚɟ ƚȘ Ǖƚŏɔࡈ ɯȩȒ ǞȘȘƚǕȩȀƇƚɟ ʺ

ߝ ÚɟȩżƚƇʕɟƚ ,Éã�ßê(�, ʺ)
ߞ ←ࡠȗ� ʺ
ߟ ǝ← ȗ
ߠ ʶǕǞȀƚ ߜ < ǝ ŏȘƇ ࡠǝ� < −ǝ)#� ࡠ$ߞ/(ߝ Ƈȩ
ߡ ,ࡠǝ� −ǝ)#� ←ࡠ$ߞ/(ߝ −ǝ)#� ,ࡠ$ߞ/(ߝ ࡠǝ�
ߢ ǝ← #(ǝ− $ߞ/(ߝ
ߣ ƚȘƇ

ࡄ �ƚɟǺ ŏɾ ʲǞ ŏȘɾŏɟ ŏɾ � ƚɟ ɯɾȩɟ ȘȩǺ
ࡄ 4ƚɾɾƚ ǺŏȘ Ȁɍɯƚɯ ȒƚƇ ƚȘ �ßß�ā;°ãêࡈ ȩǃ ųŏɟƚ Ȁƚǃǃƚ ɾǞȀ ɔū ɯȀʕɾɾƚȘ
ࡄ CʲƚȘɾʕƚȀɾࡈ Ȁŏǃƚ ƚɾ Șʿɾɾ ŏɟɟŏʿ Șūɟ � ųȀǞɟ ǀʕȀȀ

ࡄ 4ŏ Ȓū ŏȀȀƚ ƚȀƚȒƚȘɾƚɟ ǺȩɔǞƚɟƚɯ ȩʲƚɟ
ࡄ CȘ ʲŏȘȀǞǃ ɯɾɟŏɾƚǃǞ ƚɟ ū ǃǲɍɟƚ ŏɟɟŏʿƚɾ ƇȩųųƚȀɾ ɯū ɯɾȩɟɾ
ࡄ �ɟɟŏʿƚɾ Ȓū ǃǲɍɟƚɯ ȒǞȘƇɟƚ ǞǃǲƚȘ ƇƚɟɯȩȒ Ƈƚɾ ųȀǞɟ ʲƚȀƇǞǃ ǀū ƚȀƚȒƚȘɾƚɟ ߡߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߜ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ ߢ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߜ ߝ ߣ ߞ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ߢ
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ģǞ ɯǺŏȀ ǀǲƚɟȘƚ ƇƚȘ ȒǞȘɯɾƚ ȘȩƇƚȘࡈ ɯȩȒ ŏȀȀɾǞƇ ȀǞǃǃƚɟ Ǟ ɟȩɾȘȩƇƚȘ
ߢߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߢ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߢ ߝ ߣ ߞ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

_Ȁʿɾɾ ɯǞɯɾƚ ƚȀƚȒƚȘɾ ɾǞȀ ɟȩɾƚȘ
ߣߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߢ

ߝ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߢ ߝ ߣ ߞ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ëŏȒȒƚȘȀǞǃȘ ȒƚƇ ʲƚȘɯɾɟƚ ȩǃ Ǖɍʿɟƚ ųŏɟȘࡈ
ɯȩȒ ȀǞǃǃƚɟ ɔū ɔȀŏɯɯ ߜ · +ߞ ߝ = ߝ ȩǃ ߜ · +ߞ ߞ = ߞ ߤߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߝ

ߢ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߝ ߢ ߣ ߞ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ߢ ųʿɾɾƚɟ ɔȀŏɯɯ ȒƚƇ ߝ ǀȩɟƇǞ ߝ ≤ ߢ ȩǃ ߝ ≤ ߣ
ߥߞ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߝ

ߢ

ߞ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߝ ߢ ߣ ߞ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ëŏȒȒƚȘȀǞǃȘ ȒƚƇ ʲƚȘɯɾɟƚ ȩǃ Ǖɍʿɟƚ ųŏɟȘࡈ
ɯȩȒ ȀǞǃǃƚɟ ɔū ɔȀŏɯɯ ߝ · +ߞ ߝ = ߟ ȩǃ ߝ · +ߞ ߞ = ߠ ߜߟ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߝ

ߞ

ߢ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߝ ߞ ߣ ߢ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ߢ ųʿɾɾƚɟ ɔȀŏɯɯ ȒƚƇ ߞ ǀȩɟƇǞ ߞ ≤ ߢ ȩǃ ߞ ≤ ߟ
ߝߟ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߝ

ߞ

ߢ

ߡ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߝ ߞ ߣ ߢ ߟ ߝߝ ߜߝ ߡ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ëŏȒȒƚȘȀǞǃȘ ȒƚƇ ʲƚȘɯɾɟƚ ȩǃ Ǖɍʿɟƚ ųŏɟȘࡈ
ɯȩȒ ȀǞǃǃƚɟ ɔū ɔȀŏɯɯ ߟ · +ߞ ߝ = ߣ ȩǃ ߟ · +ߞ ߞ = ߤ ߞߟ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߝ

ߞ

ߡ

ߢ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߝ ߞ ߣ ߡ ߟ ߝߝ ߜߝ ߢ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ߢ ųʿɾɾƚɟ ɔȀŏɯɯ ȒƚƇ ߡ ǀȩɟƇǞ ߡ ≤ ߢ ȩǃ ߡ ≤ ߜߝ
ߟߟ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߝ

ߞ

ߡ

ߢ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߝ ߞ ߣ ߡ ߟ ߝߝ ߜߝ ߢ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

ëŏȒȒƚȘȀǞǃȘ ȒƚƇ ʲƚȘɯɾɟƚ ȩǃ Ǖɍʿɟƚ ųŏɟȘࡈ
ɯȩȒ ȀǞǃǃƚɟ ɔū ɔȀŏɯɯ ߣ · +ߞ ߝ = ߡߝ ȩǃ ߣ · +ߞ ߞ = ߢߝ ߠߟ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ƚǺɯƚȒɔƚȀ

ߝ

ߞ

ߡ

ߢ

ߥߝ ߥߝ

ߜߝ

ߡߝ ߞߞ

ߟ

ߠ

ߟߞ

ߥ

ߣ

ߝߝ

ߥߞ ߠߝ

ߜߝ

ߤߞ ߝߞ

ߝ ߞ ߣ ߡ ߟ ߝߝ ߜߝ ߢ ߜߝ ߠ ߥ ߥߞ ߠߝ ߤߞ ߝߞ ߥߝ ߥߝ ߡߝ ߞߞ ߟߞ ࡙
ߜ ߝ ߞ ߟ ߠ ߡ ߢ ߣ ߤ ߥ ߜߝ ߝߝ ߞߝ ߟߝ ߠߝ ߡߝ ߢߝ ߣߝ ߤߝ ߥߝ ߜߞ

�ȀǃȩɟɾǞȒƚȘ ɾƚɟȒǞȘƚɟƚɟࡈ ǀȩɟƇǞ ߥߝ &≤ ߢ
ߡߟ



$ǞȘŰɟƚ Ǖƚŏɔɯ ࡵ ǀǲƚɟȘ ȒǞȘɯɾƚ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘ

�ȀǃȩɟǞɾǕȒ ࡇߞ _ǲƚɟȘǞȘǃ ŏʲ ȒǞȘɯɾƚ ƚȀƚȒƚȘɾ ǀɟŏ Ǖƚŏɔ
vȘɔʕɾࡇ Cɾ ŏɟɟŏʿ � ɯȩȒ ɟƚɔɟƚɯƚȘɾƚɟƚɟ ƚȘ Ǖƚŏɔ ȒƚƇ ȗ ƚȀƚȒƚȘɾƚɟ
°ʕɾɔʕɾࡇ Cɾ ŏɟɟŏʿ ɯȩȒ ɟƚɔɟƚɯƚȘɾƚɟƚɟ ƚȘ Ǖƚŏɔ Ƈƚɟ ȒǞȘɯɾƚ ʲƚɟƇǞ ƚɟ ǀǲƚɟȘƚɾ

ߝ ÚɟȩżƚƇʕɟƚ W�ÈÐú�A°É(�)
ߞ ʺ← ࡠߢ�
ߟ ←ࡠߢ� ࡠߣࡹȗ�
ߠ ǝ← ߜ
ߡ ʶǕǞȀƚ +ǝߞ ߞ < ȗ− ߝ Ƈȩ
ߢ Ǳ← Ǟǀ ࡠߣǝߤ� ≤ ࡠߤǝߤ� ɾǕƚȘ +ǝߞ ߝ ƚȀɯƚ +ǝߞ ߞ
ߣ Ǟǀ ࡠǱ� ≤ ࡠǝ� ɾǕƚȘ
ߤ ,ࡠǝ� ←ࡠǱ� ,ࡠǱ� ࡠǝ�
ߥ ǝ← Ǳ
ߜߝ żȩȘɾǞȘʕƚ
ߝߝ ųɟƚŏǺ
ߞߝ ƚȘƇ
ߟߝ Ǟǀ +ǝߞ ߝ < ȗ− ߝ ŏȘƇ ࡠߣǝߤ� ≤ ࡠǝ� ɾǕƚȘ
ߠߝ ,ࡠǝ� ←ࡠߣǝߤ� ,ࡠߣǝߤ� ࡠǝ�
ߡߝ ɟƚɾʕɟȘ ʺ ߢߟ



mʕǀǀȒŏȘࡷǺȩƇǞȘǃ



mʕǀȒŏȘࡷǺȩƇǞȘǃ

ࡄ mʕǀǀȒŏȘࡷǺȩƇǞȘǃ ųɟʕǺƚɯ ǀȩɟ ū ǹȧȑɑɛǝȑƙɛƙ Ƈŏɾŏ
ࡄ 4ʕ ƚɟ ǃǞɾɾ ƚȘ ȒƚȘǃƇƚ ȒƚƇ ɯʿųȩȀƚɟ
ࡄ mʲƚɟɾ ɯʿȒųȩȀ Ǖŏɟ ƚȘ ǃǞɾɾ ǀɟƚǺʲƚȘɯ
ࡄ ģǞ ɍȘɯǺƚɟ ū ɟƚɔɟƚɯƚȘɾƚɟƚ Ǖʲƚɟɾ ɯʿȒųȩȀ ȒƚƇ ƚȘ ųǞɾɯɾɟƚȘǃ

ࡄ ɯȀǞǺ ŏɾ ɯɾɟƚȘǃƚɟ ŏʲ ɯʿȒųȩȀƚȘƚ ųȀǞɟ ɯū Ǻȩɟɾƚ ɯȩȒ ȒʕȀǞǃ

ࡄ ģǞ ǺŏȀȀƚɟ ƚȘ ɯȀǞǺ ȒŏɔɔǞȘǃ ǀɟŏ ɯʿȒųȩȀƚɟ ɾǞȀ ųǞɾɯɾɟƚȘǃƚɟ ƚȘ ƙȗǹȧƆǝȗǂ
ࡄ ģǞ ǺŏȀȀƚɟ ƇǞɯɯƚ ųǞɾɯɾɟƚȘǃƚȘƚ ǹȧƆƙȧɛƆ

ߣߟ



mʕǀȒŏȘࡷǺȩƇǞȘǃ ࡵ ǀŏɯɾ ʲɯࡏ ʲŏɟǞŏųƚȀ ȀƚȘǃƇƚ

ࡄ �Șɾŏ ŏɾ ʲǞ ǲȩųųƚɟ ȒƚƇ ųǞɾɯɾɟƚȘǃƚɟ ŏʲ ǀŏɯɾ ȀƚȘǃƇƚ ȗ
ࡄ 4ŏ ǺŏȘ ʲǞ ɟƚɔɟƚɯƚȘɾƚɟƚ ȗߞ ǀȩɟɯǺǲƚȀȀǞǃƚ ɯʿȒųȩȀƚɟ
ࡄ mʲǞɯ ʲǞ Ǖŏɟ ȑ ɯʿȒųȩȀƚɟࡈ ɯū Ȓū !ǿȧǂߞ(ȑ)" ≤ ȗ ǀȩɟ ū ɟƚɔɟƚɯƚȘɾƚɟƚ ŏȀȀƚ
ࡄ 4ƚɾ ʲǞȀ ɯǞ ŏɾ ǕʲǞɯ Ƈʕ Ǖŏɟ ƚȘ ɯɾɟƚȘǃ Ĥ

ࡄ ɯū ɾɟƚȘǃƚɟ Ƈʕ |Ĥ| · ȗ ųǞɾɯ ǀȩɟ ū ɟƚɔɟƚɯƚȘɾƚɟƚ ƇƚȘ

ࡄ �ȩƚȘ ɯʿȒųȩȀƚɟ ǀȩɟƚǺȩȒȒƚɟ ȩǀɾƚɟƚ ƚȘȘ ŏȘƇɟƚ
ࡄ �ƚƇ mʕǀǀȒŏȘࡷǺȩƇǞȘǃ ǀūɟ ʲǞ

ࡄ Ǻȩɟɾƚ ųǞɾɯɾɟƚȘǃƚɟ ǀȩɟ ɯʿȒųȩȀƚɟ ɯȩȒ ǀȩɟƚǺȩȒȒƚɟ ȩǀɾƚ
ࡄ ȀƚȘǃɟƚ ųǞɾɯɾɟƚȘǃƚɟ ǀȩɟ ɯʿȒųȩȀƚɟ ɯȩȒ ǀȩɟƚǺȩȒȒƚɟ ɯǲƚȀƇƚȘɾ
ࡄ 4ƚɾɾƚ ǃǞɟ ƚȘ ɾȩɾŏȀɾ ɯƚɾɾ Ǻȩɟɾƚɟƚ ɟƚɔɟƚɯƚȘɾŏɯǲȩȘ
ࡄ mʕǀǀȒŏȘࡷǺȩƇǞȘǃ ƚɟ ȩɔɾǞȒŏȀ ǀȩɟ Ĥ ǕʲǞɯ ǀɟƚǺʲƚȘɯƚȘƚ ƚɟ ųŏɯƚɟɾ ɔū Ĥ

ߤߟ



mʕǀȒŏȘࡷǺȩƇǞȘǃ ࡵ ʲŏɟǞŏųƚȀ ȀƚȘǃƇƚ

ࡄ �ƚƇ ƚȘ ƚȘǺȩƇǞȘǃ ŏʲ ʲŏɟǞŏųƚȀ ȀƚȘǃƇƚ Ȓū ʲǞ ɔŏɯɯƚ ɔū ŏɾ ʲǞ ʲƚɾ
ࡄ Șūɟ ƚɾ ɯʿȒųȩȀ ɯȀʕɾɾƚɟ
ࡄ ȩǃ ƚɾ ŏȘȘƚɾ ųƚǃʿȘȘƚɟ

ࡄ ÷ɟǞǺɯƚɾ ƚɟ ū ǞǺǺƚ Ȁŏ Șȩƚ ǺȩƇƚȩɟƇ ʲŰɟƚ ƚɾ ɑɛƙ˛ǹɫ ŏʲ ƚɾ ŏȘȘƚɾ
ࡄ vȘǃƚȘ ǺȩƇƚȩɟƇ ǺŏȘ ʲŰɟƚ ƚȘ ǀȩɟȀƚȘǃƚȀɯƚ ŏʲ ƚɾ ŏȘȘƚɾ
ࡄ ǕʲǞɯ ߜߝߜ ƚɟ ƚɾ ǺȩƇƚȩɟƇ ǺŏȘ ߝߜߜߜ ʲŰɟƚ ƚɾ ǺȩƇƚȩɟƇ
ࡄ ȒƚȘ ߝߜߝߜ ǺŏȘ ǞǺǺƚ ǞǺǺƚ ʲŰɟƚ Ƈƚɾ

ߥߟ



mʕǀǀȒŏȘࡷǺȩƇǞȘǃ ࡵ ǀɟƚǺʲƚȘɯɾŏųƚȀȀ

ࡄ _ȩɟ ɯƚɾȘǞȘǃƚȘ
Ɔƙɺࢂ ƙɛ ʮƙǿƆǝǂ ʮŏȗɫǹƙǿǝǂ ū ˛ȗȗƙ ɑū ƙȗ ƙǹɫƙȑɑƙǿɫƙɺȗǝȗǂࢃ

ࡄ mŏɟ ʲǞ ǀɍȀǃƚȘƇƚ ǀɟƚǺʲƚȘɯɾŏųƚȀȀ
ëʿȒųȩȀ ŏ Ƈ ƚ ǀ ǃ Ǟ Ǻ Ȁ Ȓ Ș ɔ ɟ ɯ ɾ ʲ ū
_ɟƚǺʲƚȘɯ ߸ ߱ ߲ ߱߰ ߱ ߳ ߴ ߲ ߳ ߱ ߶ ߲ ߱ ߳ ߲ ߲ ߲

ࡄ �ƚƇ ǀŏɯɾ ȀƚȘǃƇƚ ɾɟƚȘǃƚɟ ʲǞ ߡ ųǞɾɯ ǀȩɟ Ǖʲƚɟɾ ɯʿȒųȩȀ
ࡄ 4ƚɾ ǃǞɟ ߟߡ · ߡ = ߡߢߞ ųǞɾɯ ǀȩɟ ū ɟƚɔɟƚɯƚȘɾƚɟƚ ǕƚȀƚ ɯƚɾȘǞȘǃƚȘ

ࡄ �ƚƇ ǕʕǀǀȒŏȘࡷǺȩƇǞȘǃ ɾɟƚȘǃƚɟ ʲǞ ųŏɟƚ ߤߥߝ ųǞɾɯ
ࡄ 4ƚɾɾƚ ƚɟ ȧɑɺǝȑŏǿɺ

ߜߠ



mʕǀǀȒŏȘࡷǺȩƇǞȘǃ ࡵ mʕǀǀȒŏȘࡷɾɟƚ ƚǺɯƚȒɔƚȀ

Cɾ mʕǀǀȒŏȘࡷɾɟƚ ǀȩɟ ɯƚɾȘǞȘǃƚȘ
Ɔƙɺࢂ ƙɛ ʮƙǿƆǝǂ ʮŏȗɫǹƙǿǝǂ ū ˛ȗȗƙ ɑū ƙȗ ƙǹɫƙȑɑƙǿɫƙɺȗǝȗǂࢃ

ߟߡ

ߝߟ

ߢߝ

ߤ

ߠ

Ǻ
ߞ

Ƈ
ߞ

ߜ ߝ
ߠ

ɾ
ߞ

ߞ

Ȓ
ߝ

ɟ
ߝ

ߜ ߝ

ߜ ߝ

ߜ ߝ
ߤ

ߠ

ߞ

ŏ
ߝ

ǀ
ߝ

ߜ ߝ
ɔ
ߞ

ߜ ߝ
Ǟ
ߠ

ߜ ߝ

ߜ ߝ
ߡߝ

ߤ

ߣ

ߠ

ʲ
ߞ

ū
ߞ

ߜ ߝ
ǃ
ߟ

ߜ ߝ

ߜ ߝ

ߜ ߝ
ߞߞ

ߞߝ

Ș
ߢ

ߢ

ɯ
ߟ

Ȁ
ߟ

ߜ ߝ

ߜ ߝ
ƚ
ߜߝ

ߜ ߝ

ߜ ߝ

ģǞ ˙ȘȘƚɟ ųǞȘŰɟɯɾɟƚȘǃƚȘ ʲƚƇ ū ǀɍȀǃƚ ɯɾǞƚȘ ǀɟŏ ɟȩɾƚȘ ɾǞȀ ɯʿȒųȩȀƚɾ ߝߠ



mʕǀǀȒŏȘࡷǺȩƇǞȘǃ ࡵ $ʿǃǃƚ ǕʕǀǀȒŏȘࡷɾɟŰɟ

ࡄ � ųʿǃǃƚ ƚɾ ǕʕǀǀȒŏȘࡷɾɟƚ ƚɟ ǃŏȘɯǺƚ ƚȘǺƚȀɾ Șūɟ ȒŏȘ Ǖŏɟ ƚȘ ɔɟǞȩɟǞɾƚɾɯǺɍࡋ
ࡄ �ȩƇƚɟ Ǟ ƚɾ mʕǀȒŏȘࡷɾɟƚ Ǖŏɟ

ࡄ Cɾ ƚȀƚȒƚȘɾࡈ ɯŏȒɾ ʲƚȘɯɾɟƚ ȩǃ Ǖɍʿɟƚ ɯȩȒ ʲŏȘȀǞǃ
ࡄ v ɾǞȀȀƚǃǃ ƚȘ ǀɟƚǺʲƚȘɯ ǀɟƚɛ ɯȩȒ ȘȩƇƚȘƚ ȩɟƇȘƚɯ ƚɾɾƚɟ

ࡄ _ȩɟ Ǖʲƚɟɾ ɔŏɟ ŏʲ ɯʿȒųȩȀ ȩǃ ǀɟƚǺʲƚȘɯ
ࡄ °ɔɔɟƚɾɾ ƚȘ ȘȩƇƚ ʕɾƚȘ ųŏɟȘ ȩǃ ɯƚɾɾ ȘȩƇƚȘ ǞȘȘ Ǟ ǺɍƚȘ

ࡄ ëū ȀƚȘǃƚ Ƈƚɾ ƚɟ Ȓƚɟ ƚȘȘ ƚɾ ƚȀƚȒƚȘɾ Ǟ ǺɍƚȘ
ࡄ _ǲƚɟȘ Ƈƚ ɾȩ ȒǞȘɯɾƚ ȘȩƇƚȘƚ ʮߝ ȩǃ ʮߞ
ࡄ �ŏǃ ƚȘ Șʿ ȘȩƇƚ ʑ Ƈƚɟ ʮߝ ȩǃ ʮߞ ƚɟ ųŏɟȘ ŏʲ ʑ ȩǃ

ࡄ ʑ.ǀɟƚɛ = ʮߝ.ǀɟƚɛ+ ʮߞ.ǀɟƚɛ
ࡄ ÚȀŏɯɯƚɟ ʑ ɔū ǺɍƚȘ

ߞߠ



mʕǀǀȒŏȘࡷǺȩƇǞȘǃ ࡵ $ʿǃǃƚ ǕʕǀǀȒŏȘࡷɾɟŰɟ ǞȒɔȀƚȒƚȘɾŏɯǲȩȘ

�ȀǃȩɟǞɾǕȒ ࡇߟ $ʿǃǃƚ mʕǀǀȒŏȘ ɾɟŰɟ
vȘɔʕɾࡇ CȘ ȒƚȘǃƇƚ * ȒƚƇ ɔŏɟ 〈ɫ, ƿ〉 Ƈƚɟ ɫ ƚɟ ƚɾ ɯʿȒųȩȀ ȩǃ ƿ ƚɟ ƚȘ ǀɟƚǺʲƚȘɯ
°ʕɾɔʕɾࡇ Cɾ mʕǀǀȒŏȘࡷɾɟƚ

ߝ ÚɟȩżƚƇʕɟƚ )ï§§È�É(*)
ߞ Ø← Șƚʶ Tß°Ðß°êāVï�ï�
ߟ ǀȩɟ 〈ɫ, ƿ〉 ∈ * Ƈȩ
ߠ ,Éã�ßê(Ø, Șƚʶ �ȩƇƚ(ɫ, ƿ, ȘʕȀȀ, ȘʕȀȀ))
ߡ ƚȘƇ
ߢ ʶǕǞȀƚ [°Ć�(Ø) > ߝ Ƈȩ
ߣ ʮߝ ← Úƙȑȧʮƙ�ǝȗ(Ø)
ߤ ʮߞ ← Úƙȑȧʮƙ�ǝȗ(Ø)
ߥ ƿ← ʮߝ.ǀɟƚɛ+ ʮߞ.ǀɟƚɛ
ߜߝ sȗɫƙɛɺ(Ø, Șƚʶ �ȩƇƚ(ȘʕȀȀ, ƿ, ʮߝ, ʮߞ))
ߝߝ ƚȘƇ
ߞߝ ɟƚɾʕɟȘ W�ÈÐú�A°É(Ø)

ߟߠ
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