
ࡹ

 



bǶȳǶʌǫǶȳǖ ʚɄʯƉǫƨʌࣛ

࣢ âŗɼʚ yࣘ ȭɄƕƨțʌ ɄǑ ƉɄȭɱʯʚŗʚǶɄȳ ࣯ɼƨǖ ƨ˥ɱʌࣗ 6b�ࣩ¥b�ࣗ ,beʌࣗ
ÿ¡ʌࣱ

࣢ âŗɼʚ yyࣘ ࣯ƨ˾ƉǶƨȳʚࣱ ŗțǖɄɼǶʚǫȭ ƕƨʌǶǖȳ
࣢ âŗɼʚ yyyࣘ ǶȳʚɼŗƉʚŗſǶțǶʚ˦ ˙Ƕŗ ɼƨƕʯƉʚǶɄȳʌ

࣢ ĎȳƕƨƉǶƕŗſțǶʚ˦ࣘ ɱɼɄſțƨȭʌ ʚǫŗʚ ǫŗ˙ƨ ȳɄ ŗțǖɄɼǶʚǫȭʌ
࣢ ¥âࣽ,Ʉȭɱțƨʚƨȳƨʌʌࣘ ɱɼɄſțƨȭʌ ʯȳțǶȕƨț˦ ʚɄ ǫŗ˙ƨ ƨ˾ƉǶƨȳʚ
ŗțǖɄɼǶʚǫȭʌ ʯȳțƨʌʌ × = �×

ࡹ



,óࣩE,Eࣽࣘࢅ࢑ࢁ �ƨƉʚʯɼƨ ࡽࡽ ࣽ éƨƕʯƉʚǶɄȳʌ

�ƨƉʚʯɼƨɼࣘ ¥ǶƉȕ˙ŗʌǫ �ŗȳǶ
,ǫŗʚ ȭɄƕƨɼŗʚɄɼࣘ óŗȭǶɼ �ǫŗȳ
�ɱɼǶț ࣗࢉࡹ ࡹࡽࡱࡽ

ĎȳǶ˙ƨɼʌǶʚ˦ ɄǑ yțțǶȳɄǶʌ ŗʚ Ďɼſŗȳŗࣽ,ǫŗȭɱŗǶǖȳ



bǶȳǶʌǫǶȳǖ ʚɄʯƉǫƨʌࣛ

࣢ âŗɼʚ yࣘ ȭɄƕƨțʌ ɄǑ ƉɄȭɱʯʚŗʚǶɄȳ ࣯ɼƨǖ ƨ˥ɱʌࣗ 6b�ࣩ¥b�ࣗ ,beʌࣗ
ÿ¡ʌࣱ

࣢ âŗɼʚ yyࣘ ࣯ƨ˾ƉǶƨȳʚࣱ ŗțǖɄɼǶʚǫȭ ƕƨʌǶǖȳ
࣢ âŗɼʚ yyyࣘ ǶȳʚɼŗƉʚŗſǶțǶʚ˦ ˙Ƕŗ ɼƨƕʯƉʚǶɄȳʌ

࣢ ĎȳƕƨƉǶƕŗſțǶʚ˦ࣘ ɱɼɄſțƨȭʌ ʚǫŗʚ ǫŗ˙ƨ ȳɄ ŗțǖɄɼǶʚǫȭʌ
࣢ ¥âࣽ,Ʉȭɱțƨʚƨȳƨʌʌࣘ ɱɼɄſțƨȭʌ ʯȳțǶȕƨț˦ ʚɄ ǫŗ˙ƨ ƨ˾ƉǶƨȳʚ
ŗțǖɄɼǶʚǫȭʌ ʯȳțƨʌʌ × = �×

ࡽ



ÿʯɼǶȳǖ ¡ŗƉǫǶȳƨʌ ŗȳƕ ,ǫʯɼƉǫࣽÿʯɼǶȳǖ ÿǫƨʌǶʌ

ÿʯɼǶȳǖ ƕƨ̇ȳƨƕ ÿ¡ʌ ŗʌ ŗ ȭŗƉǫǶȳƨ ȭɄƕƨț ɄǑ ƉɄȭɱʯʚŗʚǶɄȳ

,ǫʯɼƉǫࣽÿʯɼǶȳǖ ʚǫƨʌǶʌࣘ ŗȳ˦ ǑʯȳƉʚǶɄȳ ʚǫŗʚ Ƕʌ ƉɄȭɱʯʚŗſțƨ Ɖŗȳ ſƨ
ƉɄȭɱʯʚƨƕ ſ˦ ÿ¡ʌ

E˾ƉǶƨȳʚ ,ǫʯɼƉǫࣽÿʯɼǶȳǖ ʚǫƨʌǶʌࣘ ŗȳ˦ ǑʯȳƉʚǶɄȳ ʚǫŗʚ Ƕʌ ƉɄȭɱʯʚŗſțƨ
Ɖŗȳ ſƨ ƉɄȭɱʯʚƨƕ ſ˦ ÿ¡ʌ ˝Ƕʚǫ Ʉȳț˦ ŗ ɱɄț˦ȳɄȭǶŗț ʌțɄ˝ࣽƕɄ˝ȳ

ࢁ



,ɄȭɱʯʚŗſǶțǶʚ˦ ŗȳƕ ,Ʉȭɱțƨ˥Ƕʚ˦ ÿǫƨɄɼ˦

࣢ İǫŗʚ ǑʯȳƉʚǶɄȳʌ Ɖŗȳ ŗȳƕ ƅŗȩȩȹʋ ſƨ ƉɄȭɱʯʚƨƕ ſ˦ ÿ¡ʌࣞ
࣢ İǫŗʚ ǑʯȳƉʚǶɄȳʌࣩɱɼɄſțƨȭʌ Ɖŗȳ ŗȳƕ ƉŗȳȳɄʚ ſƨ ʌɄț˙ƨƕ
ƣ˺ƅǮƣȩʋȑ˖ࣞ

İǫ˦ࣞ

࣢ bɄʯȳƕŗʚǶɄȳŗț ɸʯƨʌʚǶɄȳʌ ŗſɄʯʚ ƉɄȭɱʯʚŗʚǶɄȳ
࣢ âɼŗǖȭŗʚǶƉࣘ ,ŗȳ ˝ƨ ʌɄț˙ƨ Ʉʯɼ ɱɼɄſțƨȭ Ʉɼ ȳɄʚࣞ
࣢ �ɼƨ ˝ƨ ȳɄʚ ſƨǶȳǖ Ɖțƨ˙ƨɼ ƨȳɄʯǖǫ ʚɄ ̇ȳƕ ŗȳ ƨ˾ƉǶƨȳʚ
ŗțǖɄɼǶʚǫȭ Ʉɼ ʌǫɄʯțƕ ˝ƨ ʌʚɄɱ ſƨƉŗʯʌƨ ʚǫƨɼƨ Ƕʌȳऒʚ Ʉȳƨ Ʉɼ
țǶȕƨț˦ ʚɄ ſƨ Ʉȳƨࣞ

ࢅ



éƨƕʯƉʚǶɄȳʌ ʚɄ âɼɄ˙ƨ yȳʚɼŗƉʚŗſǶțǶʚ˦

� ǖƨȳƨɼŗț ȭƨʚǫɄƕɄțɄǖ˦ ʚɄ ɱɼɄ˙ƨ ǶȭɱɄʌʌǶſǶțǶʚ˦ ɼƨʌʯțʚʌࣖ

࣢ óʚŗɼʚ ˝Ƕʚǫ ʌɄȭƨ ȋȩȹˍȩ ǫŗɼƕ ɱɼɄſțƨȭ ĩ
࣢ ÞƣƐʠƅƣ ĩ ʚɄ ˦Ʉʯɼ Ǒŗ˙ɄɼǶʚƨ ɱɼɄſțƨȭ Ī

yǑ Ī Ɖŗȳ ſƨ ʌɄț˙ƨƕ ʚǫƨȳ ʌɄ Ɖŗȳ ĩ ) Ī Ƕʌ ŗțʌɄ ǣŗɮƐ

,ŗ˙ƨŗʚࣘ yȳ ŗțǖɄɼǶʚǫȭʌ ˝ƨ ɼƨƕʯƉƨ ȳƨ˝ ɱɼɄſțƨȭ ʚɄ ȕȳɄ˝ȳ ʌɄț˙ƨƕ
Ʉȳƨࣛ

İǫɄ ǖǶ˙ƨʌ ʯʌ ʚǫƨ ǶȳǶʚǶŗț ǫŗɼƕ ɱɼɄſțƨȭࣞ

࣢ óɄȭƨ Ɖțƨ˙ƨɼ ɱƨɼʌɄȳ ࣯,ŗȳʚɄɼࣩ eɒƕƨțࣩÿʯɼǶȳǖࣩ,ɄɄȕࣩ�ƨ˙Ƕȳ ࣱࣖࣖࣖ
˝ǫɄ ƨʌʚŗſțǶʌǫ ǫŗɼƕȳƨʌʌ ɄǑ ŗ Ǒʯȳƕŗȭƨȳʚŗț ɱɼɄſțƨȭ

࣢ �ʌʌʯȭƨ ʌɄȭƨ ƉɄɼƨ ɱɼɄſțƨȭ Ƕʌ ǫŗɼƕ ſƨƉŗʯʌƨ ˝ƨ ǫŗ˙ƨȳऒʚ
ſƨƨȳ ŗſțƨ ʚɄ ʌɄț˙ƨ Ƕʚ ǑɄɼ ŗ țɄȳǖ ʚǶȭƨࣖ ÿǫǶʌ țƨŗƕʌ ʚɄ
ƅȹȩƐǮʋǮȹȩŗȑ ɼƨʌʯțʚʌ

ࢉ



éƨƕʯƉʚǶɄȳʌ ʚɄ âɼɄ˙ƨ yȳʚɼŗƉʚŗſǶțǶʚ˦

� ǖƨȳƨɼŗț ȭƨʚǫɄƕɄțɄǖ˦ ʚɄ ɱɼɄ˙ƨ ǶȭɱɄʌʌǶſǶțǶʚ˦ ɼƨʌʯțʚʌࣖ

࣢ óʚŗɼʚ ˝Ƕʚǫ ʌɄȭƨ ȋȩȹˍȩ ǫŗɼƕ ɱɼɄſțƨȭ ĩ
࣢ ÞƣƐʠƅƣ ĩ ʚɄ ˦Ʉʯɼ Ǒŗ˙ɄɼǶʚƨ ɱɼɄſțƨȭ Ī

yǑ Ī Ɖŗȳ ſƨ ʌɄț˙ƨƕ ʚǫƨȳ ʌɄ Ɖŗȳ ĩ ) Ī Ƕʌ ŗțʌɄ ǣŗɮƐ

,ŗ˙ƨŗʚࣘ yȳ ŗțǖɄɼǶʚǫȭʌ ˝ƨ ɼƨƕʯƉƨ ȳƨ˝ ɱɼɄſțƨȭ ʚɄ ȕȳɄ˝ȳ ʌɄț˙ƨƕ
Ʉȳƨࣛ

İǫɄ ǖǶ˙ƨʌ ʯʌ ʚǫƨ ǶȳǶʚǶŗț ǫŗɼƕ ɱɼɄſțƨȭࣞ

࣢ óɄȭƨ Ɖțƨ˙ƨɼ ɱƨɼʌɄȳ ࣯,ŗȳʚɄɼࣩ eɒƕƨțࣩÿʯɼǶȳǖࣩ,ɄɄȕࣩ�ƨ˙Ƕȳ ࣱࣖࣖࣖ
˝ǫɄ ƨʌʚŗſțǶʌǫ ǫŗɼƕȳƨʌʌ ɄǑ ŗ Ǒʯȳƕŗȭƨȳʚŗț ɱɼɄſțƨȭ

࣢ �ʌʌʯȭƨ ʌɄȭƨ ƉɄɼƨ ɱɼɄſțƨȭ Ƕʌ ǫŗɼƕ ſƨƉŗʯʌƨ ˝ƨ ǫŗ˙ƨȳऒʚ
ſƨƨȳ ŗſțƨ ʚɄ ʌɄț˙ƨ Ƕʚ ǑɄɼ ŗ țɄȳǖ ʚǶȭƨࣖ ÿǫǶʌ țƨŗƕʌ ʚɄ
ƅȹȩƐǮʋǮȹȩŗȑ ɼƨʌʯțʚʌ

ࢉ



éƨƕʯƉʚǶɄȳʌ ʚɄ âɼɄ˙ƨ yȳʚɼŗƉʚŗſǶțǶʚ˦

� ǖƨȳƨɼŗț ȭƨʚǫɄƕɄțɄǖ˦ ʚɄ ɱɼɄ˙ƨ ǶȭɱɄʌʌǶſǶțǶʚ˦ ɼƨʌʯțʚʌࣖ

࣢ óʚŗɼʚ ˝Ƕʚǫ ʌɄȭƨ ȋȩȹˍȩ ǫŗɼƕ ɱɼɄſțƨȭ ĩ
࣢ ÞƣƐʠƅƣ ĩ ʚɄ ˦Ʉʯɼ Ǒŗ˙ɄɼǶʚƨ ɱɼɄſțƨȭ Ī

yǑ Ī Ɖŗȳ ſƨ ʌɄț˙ƨƕ ʚǫƨȳ ʌɄ Ɖŗȳ ĩ ) Ī Ƕʌ ŗțʌɄ ǣŗɮƐ

,ŗ˙ƨŗʚࣘ yȳ ŗțǖɄɼǶʚǫȭʌ ˝ƨ ɼƨƕʯƉƨ ȳƨ˝ ɱɼɄſțƨȭ ʚɄ ȕȳɄ˝ȳ ʌɄț˙ƨƕ
Ʉȳƨࣛ

İǫɄ ǖǶ˙ƨʌ ʯʌ ʚǫƨ ǶȳǶʚǶŗț ǫŗɼƕ ɱɼɄſțƨȭࣞ

࣢ óɄȭƨ Ɖțƨ˙ƨɼ ɱƨɼʌɄȳ ࣯,ŗȳʚɄɼࣩ eɒƕƨțࣩÿʯɼǶȳǖࣩ,ɄɄȕࣩ�ƨ˙Ƕȳ ࣱࣖࣖࣖ
˝ǫɄ ƨʌʚŗſțǶʌǫ ǫŗɼƕȳƨʌʌ ɄǑ ŗ Ǒʯȳƕŗȭƨȳʚŗț ɱɼɄſțƨȭ

࣢ �ʌʌʯȭƨ ʌɄȭƨ ƉɄɼƨ ɱɼɄſțƨȭ Ƕʌ ǫŗɼƕ ſƨƉŗʯʌƨ ˝ƨ ǫŗ˙ƨȳऒʚ
ſƨƨȳ ŗſțƨ ʚɄ ʌɄț˙ƨ Ƕʚ ǑɄɼ ŗ țɄȳǖ ʚǶȭƨࣖ ÿǫǶʌ țƨŗƕʌ ʚɄ
ƅȹȩƐǮʋǮȹȩŗȑ ɼƨʌʯțʚʌ

ࢉ



éƨƕʯƉʚǶɄȳ çʯƨʌʚǶɄȳ

� ǖƨȳƨɼŗț ȭƨʚǫɄƕɄțɄǖ˦ ʚɄ ɱɼɄ˙ƨ ǶȭɱɄʌʌǶſǶțǶʚ˦ ɼƨʌʯțʚʌࣖ

࣢ óʚŗɼʚ ˝Ƕʚǫ ʌɄȭƨ ȋȩȹˍȩ ǫŗɼƕ ɱɼɄſțƨȭ ĩ
࣢ ÞƣƐʠƅƣ ĩ ʚɄ ˦Ʉʯɼ Ǒŗ˙ɄɼǶʚƨ ɱɼɄſțƨȭ Ī

yǑ Ī Ɖŗȳ ſƨ ʌɄț˙ƨƕ ʚǫƨȳ ʌɄ Ɖŗȳ ĩ ) Ī Ƕʌ ŗțʌɄ ǣŗɮƐ

İǫŗʚ ǶǑ ˝ƨ ˝ŗȳʚ ʚɄ ɱɼɄ˙ƨ ŗ ɱɼɄſțƨȭ Ƕʌ ƨŗʌ˦ࣞ

ࢍ

Given hard problem At Dark to prove A is
hard

Ep't
HALT E A

find a easy
Probdenn E

A E E



6ƨƉǶʌǶɄȳ âɼɄſțƨȭʌࣗ �ŗȳǖʯŗǖƨʌࣗ ÿƨɼȭǶȳɄțɄǖ˦

İǫƨȳ ɱɼɄ˙Ƕȳǖ ǫŗɼƕȳƨʌʌ ˝ƨ țǶȭǶʚ ŗʚʚƨȳʚǶɄȳ ʚɄ ƐƣƅǮɾǮȹȩ
ɱɼɄſțƨȭʌ

࣢ � ƕƨƉǶʌǶɄȳ ɱɼɄſțƨȭ ⇧ Ƕʌ ŗ ƉɄțțƨƉʚǶɄȳ ɄǑ ǶȳʌʚŗȳƉƨʌ ࣯ʌʚɼǶȳǖʌࣱ
࣢ bɄɼ ƨŗƉǫ ǶȳʌʚŗȳƉƨ t ɄǑ ⇧ࣗ ŗȳʌ˝ƨɼ Ƕʌ ĸEó Ʉɼ ¥¶
࣢ EɸʯǶ˙ŗțƨȳʚț˦ࣘ ſɄɄțƨŗȳ ǑʯȳƉʚǶɄȳ ǋ⇧ : ⌃⇤ ! ,ࡱ} {ࡹ ˝ǫƨɼƨ
ǋ (t) = ࡹ ǶǑ t Ƕʌ ŗ ĸEó ǶȳʌʚŗȳƉƨࣗ ǋ (t) = ࡱ ǶǑ ¥¶ ǶȳʌʚŗȳƉƨ

࣢ EɸʯǶ˙ŗțƨȳʚț˦ࣘ țŗȳǖʯŗǖƨ �⇧ = {t | t Ƕʌ ŗ ĸEó ǶȳʌʚŗȳƉƨ}

¥ɄʚŗʚǶɄȳ ŗſɄʯʚ ƨȳƉɄƕǶȳǖࣘ ƕǶʌʚǶȳǖʯǶʌǫ t ǑɼɄȭ ƨȳƉɄƕǶȳǖ hti

࣢ ȩ Ƕʌ ŗȳ Ƕȳʚƨǖƨɼࣖ hȩi Ƕʌ ʚǫƨ ƨȳƉɄƕǶȳǖ ɄǑ ȩ Ƕȳ ʌɄȭƨ ǑɄɼȭŗʚ
࣯ƉɄʯțƕ ſƨ ʯȳŗɼ ࣗ˦ ſǶȳŗɼ ࣗ˦ ƕƨƉǶȭŗț ƨʚƉࣱ

࣢ a Ƕʌ ŗ ǖɼŗɱǫࣖ hai Ƕʌ ʚǫƨ ƨȳƉɄƕǶȳǖ ɄǑ a Ƕȳ ʌɄȭƨ ǑɄɼȭŗʚ
࣢ � Ƕʌ ŗ ÿ¡ࣖ h�i Ƕʌ ʚǫƨ ƨȳƉɄƕǶȳǖ ɄǑ ÿ¡ ŗʌ ŗ ʌʚɼǶȳǖ ŗƉƉɄɼƕǶȳǖ
ʚɄ ʌɄȭƨ ̇˥ƨƕ ƉɄȳ˙ƨȳʚǶɄȳ

࢑



6ƨƉǶʌǶɄȳ âɼɄſțƨȭʌࣗ �ŗȳǖʯŗǖƨʌࣗ ÿƨɼȭǶȳɄțɄǖ˦

İǫƨȳ ɱɼɄ˙Ƕȳǖ ǫŗɼƕȳƨʌʌ ˝ƨ țǶȭǶʚ ŗʚʚƨȳʚǶɄȳ ʚɄ ƐƣƅǮɾǮȹȩ
ɱɼɄſțƨȭʌ

࣢ � ƕƨƉǶʌǶɄȳ ɱɼɄſțƨȭ ⇧ Ƕʌ ŗ ƉɄțțƨƉʚǶɄȳ ɄǑ ǶȳʌʚŗȳƉƨʌ ࣯ʌʚɼǶȳǖʌࣱ
࣢ bɄɼ ƨŗƉǫ ǶȳʌʚŗȳƉƨ t ɄǑ ⇧ࣗ ŗȳʌ˝ƨɼ Ƕʌ ĸEó Ʉɼ ¥¶
࣢ EɸʯǶ˙ŗțƨȳʚț˦ࣘ ſɄɄțƨŗȳ ǑʯȳƉʚǶɄȳ ǋ⇧ : ⌃⇤ ! ,ࡱ} {ࡹ ˝ǫƨɼƨ
ǋ (t) = ࡹ ǶǑ t Ƕʌ ŗ ĸEó ǶȳʌʚŗȳƉƨࣗ ǋ (t) = ࡱ ǶǑ ¥¶ ǶȳʌʚŗȳƉƨ

࣢ EɸʯǶ˙ŗțƨȳʚț˦ࣘ țŗȳǖʯŗǖƨ �⇧ = {t | t Ƕʌ ŗ ĸEó ǶȳʌʚŗȳƉƨ}

¥ɄʚŗʚǶɄȳ ŗſɄʯʚ ƨȳƉɄƕǶȳǖࣘ ƕǶʌʚǶȳǖʯǶʌǫ t ǑɼɄȭ ƨȳƉɄƕǶȳǖ hti

࣢ ȩ Ƕʌ ŗȳ Ƕȳʚƨǖƨɼࣖ hȩi Ƕʌ ʚǫƨ ƨȳƉɄƕǶȳǖ ɄǑ ȩ Ƕȳ ʌɄȭƨ ǑɄɼȭŗʚ
࣯ƉɄʯțƕ ſƨ ʯȳŗɼ ࣗ˦ ſǶȳŗɼ ࣗ˦ ƕƨƉǶȭŗț ƨʚƉࣱ

࣢ a Ƕʌ ŗ ǖɼŗɱǫࣖ hai Ƕʌ ʚǫƨ ƨȳƉɄƕǶȳǖ ɄǑ a Ƕȳ ʌɄȭƨ ǑɄɼȭŗʚ
࣢ � Ƕʌ ŗ ÿ¡ࣖ h�i Ƕʌ ʚǫƨ ƨȳƉɄƕǶȳǖ ɄǑ ÿ¡ ŗʌ ŗ ʌʚɼǶȳǖ ŗƉƉɄɼƕǶȳǖ
ʚɄ ʌɄȭƨ ̇˥ƨƕ ƉɄȳ˙ƨȳʚǶɄȳ ࢑



6ƨƉǶʌǶɄȳ âɼɄſțƨȭʌࣗ �ŗȳǖʯŗǖƨʌࣗ ÿƨɼȭǶȳɄțɄǖ˦

�ʌǶƕƨࣘ 6Ƕ˽ƨɼƨȳʚ ɱɼɄſțƨȭʌ Ɖŗȳ ſƨ ǑɄɼȭʯțŗʚƨƕ ƕǶ˽ƨɼƨȳʚț ࣖ˦
E˥ŗȭɱțƨࣘ ÿɼŗ˙ƨțǶȳǖ óŗțƨʌȭŗȳ

,ɄȭȭɄȳ bɄɼȭʯțŗʚǶɄȳࣘ eǶ˙ƨȳ ŗ țǶʌʚ ɄǑ ƉǶʚǶƨʌ ŗȳƕ ʚǫƨ ƕǶʌʚŗȳƉƨʌ
ſƨʚ˝ƨƨȳ ƨŗƉǫ ɱŗǶɼ ɄǑ ƉǶʚǶƨʌࣗ ˝ǫŗʚ Ƕʌ ʚǫƨ ʌǫɄɼʚƨʌʚ ɱɄʌʌǶſțƨ
ɼɄʯʚƨ ʚǫŗʚ ˙ǶʌǶʚʌ ƨŗƉǫ ƉǶʚ˦ ƨ˥ŗƉʚț˦ ɄȳƉƨ ŗȳƕ ɼƨʚʯɼȳʌ ʚɄ ʚǫƨ
ɄɼǶǖǶȳ ƉǶʚ˦ࣞ

6ƨƉǶʌǶɄȳ bɄɼȭʯțŗʚǶɄȳࣘ eǶ˙ƨȳ ŗ țǶʌʚ ɄǑ ƉǶʚǶƨʌ ŗȳƕ ʚǫƨ ƕǶʌʚŗȳƉƨʌ
ſƨʚ˝ƨƨȳ ƨŗƉǫ ɱŗǶɼ ɄǑ ƉǶʚǶƨʌࣗ Ƕʌ ʚǫƨɼƨ ŗ ɼɄʯʚƨ ɼɄʯʚƨ ʚǫŗʚ
˙ǶʌǶʚʌ ƨŗƉǫ ƉǶʚ˦ ƨ˥ŗƉʚț˦ ɄȳƉƨ ŗȳƕ ɼƨʚʯɼȳʌ ʚɄ ʚǫƨ ɄɼǶǖǶȳ ƉǶʚ˦
˝ǫǶțƨ ǫŗ˙Ƕȳǖ ŗ ʌǫɄɼʚƨɼ țƨȳǖʚǫ ʚǫŗȳ Ƕȳʚƨǖƨɼ ȋࣖ

࢕

u CZ es Es

Yes No



E˥ŗȭɱțƨʌ

࣢ eǶ˙ƨȳ ƕǶɼƨƉʚƨƕ ǖɼŗɱǫ aࣗ Ƕʌ Ƕʚ ʌʚɼɄȳǖț˦ ƉɄȳȳƨƉʚƨƕࣞ hai Ƕʌ ŗ
ĸEó ǶȳʌʚŗȳƉƨ ǶǑ Ƕʚ Ƕʌࣗ Ʉʚǫƨɼ˝Ƕʌƨ ¥¶ ǶȳʌʚŗȳƉƨ

࣢ eǶ˙ƨȳ ȳʯȭſƨɼ ȩࣗ Ƕʌ Ƕʚ ŗ ɱɼǶȭƨ ȳʯȭſƨɼࣞ
�×Þt�Bç = {hȩi | ȩ Ƕʌ ɱɼǶȭƨ}

࣢ eǶ˙ƨȳ ȳʯȭſƨɼ ȩ Ƕʌ Ƕʚ ŗ ƉɄȭɱɄʌǶʚƨ ȳʯȭſƨɼࣞ
�*­�×­çtòB = {hȩi | ȩ Ƕʌ ŗ ƉɄȭɱɄʌǶʚƨ}

࣢ eǶ˙ƨȳ a = (Ğ, B), ɾ, ʋ,# Ƕʌ ʚǫƨ ʌǫɄɼʚƨʌʚ ɱŗʚǫ ƕǶʌʚŗȳƉƨ ǑɼɄȭ ɾ
ʚɄ ʋ ŗʚ ȭɄʌʚ #ࣞ yȳʌʚŗȳƉƨ Ƕʌ ha, ɾ, ʋ,#i

࢙



éƨƕʯƉʚǶɄȳʌࣘ ¶˙ƨɼ˙Ƕƨ˝



éƨƕʯƉʚǶɄȳʌ ǑɄɼ ƕƨƉǶʌǶɄȳ ɱɼɄſțƨȭʌ਎țŗȳǖʯŗǖƨʌ

bɄɼ țŗȳǖʯŗǖƨʌ �ĩ, �Ī ࣗ ŗ ɮƣƐʠƅʋǮȹȩ ǋɮȹȣ �ĩ ʋȹ �Ī Ƕʌࣘ

࣢ �ȳ ŗțǖɄɼǶʚǫȭ ࣚ
࣢ yȳɱʯʚࣘ ˍ 2 ⌃⇤

࣢ ¶ʯʚɱʯʚࣘ ˍ0 2 ⌃⇤

࣢ óʯƉǫ ʚǫŗʚࣘ
ˍ 2 �ĩ () ˍ0 2 �Ī

ࡱࡹ



éƨƕʯƉʚǶɄȳʌ ǑɄɼ ƕƨƉǶʌǶɄȳ ɱɼɄſțƨȭʌࣩțŗȳǖʯŗǖƨʌ

bɄɼ ƕƨƉǶʌǶɄȳ ɱɼɄſțƨȭʌ ĩ, Ī ࣗ ŗ ɮƣƐʠƅʋǮȹȩ ǋɮȹȣ ĩ ʋȹ Ī Ƕʌࣘ

࣢ �ȳ ŗțǖɄɼǶʚǫȭ ࣚ
࣢ yȳɱʯʚࣘ tĩ ࣗ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ ĩࣖ
࣢ ¶ʯʚɱʯʚࣘ tĪ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ Ī ࣖ
࣢ óʯƉǫ ʚǫŗʚࣘ
tĪ Ƕʌ ĸEó ǶȳʌʚŗȳƉƨ ɄǑ Ī () tĩ Ƕʌ ĸEó ǶȳʌʚŗȳƉƨ ɄǑ ĩ

ࡹࡹ



ĎʌǶȳǖ ɼƨƕʯƉʚǶɄȳʌ ʚɄ ʌɄț˙ƨ ɱɼɄſțƨȭʌ

࣢ Rࣘ éƨƕʯƉʚǶɄȳ ĩ ! Ī
࣢ AĪ ࣘ ŗțǖɄɼǶʚǫȭ ǑɄɼ Ī ࣘ

࣢ =) ¥ƨ˝ ŗțǖɄɼǶʚǫȭ ǑɄɼ ĩࣘ
Aĩ(tĩ)ϓ

ϟϟ tĩϓ °Éãê�É�� Ð§ ĩϙ
tĪ ( R(tĩ)
ɼƨʚʯɼȳ AĪ(tĪ)

yȳ ɱŗɼʚǶƉʯțŗɼࣗ ǶǑ R ŗȳƕ AĪ ŗɼƨ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭʌࣗ Aĩ Ƕʌ
ŗțʌɄ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣖ

ࡽࡹ



ĎʌǶȳǖ ɼƨƕʯƉʚǶɄȳʌ ʚɄ ʌɄț˙ƨ ɱɼɄſțƨȭʌ

࣢ Rࣘ éƨƕʯƉʚǶɄȳ ĩ ! Ī
࣢ AĪ ࣘ ŗțǖɄɼǶʚǫȭ ǑɄɼ Ī ࣘ
࣢ =) ¥ƨ˝ ŗțǖɄɼǶʚǫȭ ǑɄɼ ĩࣘ

Aĩ(tĩ)ϓ
ϟϟ tĩϓ °Éãê�É�� Ð§ ĩϙ
tĪ ( R(tĩ)
ɼƨʚʯɼȳ AĪ(tĪ)

yȳ ɱŗɼʚǶƉʯțŗɼࣗ ǶǑ R ŗȳƕ AĪ ŗɼƨ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭʌࣗ Aĩ Ƕʌ
ŗțʌɄ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣖ

ࡽࡹ



ĎʌǶȳǖ ɼƨƕʯƉʚǶɄȳʌ ʚɄ ʌɄț˙ƨ ɱɼɄſțƨȭʌ

࣢ Rࣘ éƨƕʯƉʚǶɄȳ ĩ ! Ī
࣢ AĪ ࣘ ŗțǖɄɼǶʚǫȭ ǑɄɼ Ī ࣘ
࣢ =) ¥ƨ˝ ŗțǖɄɼǶʚǫȭ ǑɄɼ ĩࣘ

Aĩ(tĩ)ϓ
ϟϟ tĩϓ °Éãê�É�� Ð§ ĩϙ
tĪ ( R(tĩ)
ɼƨʚʯɼȳ AĪ(tĪ)

AY

IY
YES

NO

IX
R

AX

yȳ ɱŗɼʚǶƉʯțŗɼࣗ ǶǑ R ŗȳƕ AĪ ŗɼƨ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭʌࣗ Aĩ Ƕʌ
ŗțʌɄ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣖ ࡽࡹ

XE't



éƨƕʯƉʚǶɄȳʌ ŗȳƕ ɼʯȳȳǶȳǖ ʚǶȭƨ

AY

IY
YES

NO

IX
R

AX

Þ(ȩ)ࣘ ɼʯȳȳǶȳǖ ʚǶȭƨ ɄǑ R

Ü(ȩ)ࣘ ɼʯȳȳǶȳǖ ʚǶȭƨ ɄǑ AĪ

çʯƨʌʚǶɄȳࣘ İǫŗʚ Ƕʌ ɼʯȳȳǶȳǖ ʚǶȭƨ ɄǑ Aĩࣞ

­(Ü(Þ(ȩ))ࣖ İǫ˦ࣞ

࣢ yǑ tĩ ǫŗʌ ʌǶ˲ƨ ȩࣗ R Ɖɼƨŗʚƨʌ ŗȳ ǶȳʌʚŗȳƉƨ tĪ ɄǑ ʌǶ˲ƨ ŗʚ ȭɄʌʚ
Þ(ȩ)

࣢ AY ऒʌ ʚǶȭƨ Ʉȳ tĪ Ƕʌ ſ˦ ƕƨ̇ȳǶʚǶɄȳ ŗʚ ȭɄʌʚ Ü(|tĪ |)  Ü(Þ(ȩ))ࣖ

E˥ŗȭɱțƨࣘ yǑ Þ(ȩ) = ȩࡽ ŗȳƕ Ü(ȩ) = ȩࢉ.ࡹ ʚǫƨȳ Aĩ Ƕʌ ­(ȩࡽ + ȩࢁ)

ࢁࡹ

Cnp

III LIN OCA OCR case 0cm

Hahn IH OC g FYI 0cm

Ay
Rcm



éƨƕʯƉʚǶɄȳʌ ŗȳƕ ɼʯȳȳǶȳǖ ʚǶȭƨ

AY

IY
YES

NO

IX
R

AX

Þ(ȩ)ࣘ ɼʯȳȳǶȳǖ ʚǶȭƨ ɄǑ R

Ü(ȩ)ࣘ ɼʯȳȳǶȳǖ ʚǶȭƨ ɄǑ AĪ

çʯƨʌʚǶɄȳࣘ İǫŗʚ Ƕʌ ɼʯȳȳǶȳǖ ʚǶȭƨ ɄǑ Aĩࣞ ­(Ü(Þ(ȩ))ࣖ İǫ˦ࣞ

࣢ yǑ tĩ ǫŗʌ ʌǶ˲ƨ ȩࣗ R Ɖɼƨŗʚƨʌ ŗȳ ǶȳʌʚŗȳƉƨ tĪ ɄǑ ʌǶ˲ƨ ŗʚ ȭɄʌʚ
Þ(ȩ)

࣢ AY ऒʌ ʚǶȭƨ Ʉȳ tĪ Ƕʌ ſ˦ ƕƨ̇ȳǶʚǶɄȳ ŗʚ ȭɄʌʚ Ü(|tĪ |)  Ü(Þ(ȩ))ࣖ

E˥ŗȭɱțƨࣘ yǑ Þ(ȩ) = ȩࡽ ŗȳƕ Ü(ȩ) = ȩࢉ.ࡹ ʚǫƨȳ Aĩ Ƕʌ ­(ȩࡽ + ȩࢁ)
ࢁࡹ

Ay nz 5
u 3

R Ay



,ɄȭɱŗɼǶȳǖ âɼɄſțƨȭʌ

࣢ éƨƕʯƉʚǶɄȳʌ ŗțțɄ˝ ʯʌ ʚɄ ǑɄɼȭŗțǶ˲ƨ ʚǫƨ ȳɄʚǶɄȳ ɄǑ एâɼɄſțƨȭ ĩ
Ƕʌ ȳɄ ǫŗɼƕƨɼ ʚɄ ʌɄț˙ƨ ʚǫŗȳ âɼɄſțƨȭ Ī ऐࣖ

࣢ yǑ âɼɄſțƨȭ ĩ ɼƨƕʯƉƨʌ ʚɄ âɼɄſțƨȭ Ī ࣯˝ƨ ˝ɼǶʚƨ ĩ  Īࣱࣗ ʚǫƨȳ ĩ
ƉŗȳȳɄʚ ſƨ ǫŗɼƕƨɼ ʚɄ ʌɄț˙ƨ ʚǫŗȳ Ī ࣖ

࣢ ¡Ʉɼƨ ǖƨȳƨɼŗțț ࣗ˦ ǶǑ ĩ  Ī ࣗ ˝ƨ Ɖŗȳ ʌŗ˦ ʚǫŗʚ ĩ Ƕʌ ȳɄ ǫŗɼƕƨɼ
ʚǫŗȳ Ī ࣗ Ʉɼ Ī Ƕʌ ŗʚ țƨŗʌʚ ŗʌ ǫŗɼƕ ŗʌ ĩࣖ ĩ  Ī ࣘ

࣢ ĩ Ƕʌ ȳɄ ǫŗɼƕƨɼ ʚǫŗȳ Ī ࣗ Ʉɼ
࣢ Ī Ƕʌ ŗʚ țƨŗʌʚ ŗʌ ǫŗɼƕ ŗʌ ĩࣖ

ࢅࡹ

X Ept



E˥ŗȭɱțƨʌ ɄǑ éƨƕʯƉʚǶɄȳʌ



yȳƕƨɱƨȳƕƨȳʚ óƨʚʌ ŗȳƕ ,țǶɸʯƨʌ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ aࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ Ğ0 Ƕʌࣘ

࣢ �ȳ ǮȩƐƣɤƣȩƐƣȩʋ ɾƣʋࣘ ǶǑȳɄ ʚ˝Ʉ ˙ƨɼʚǶƉƨʌ ɄǑ Ğ0 ŗɼƨƉɄȳȳƨƉʚƨƕ
ſ˦ ŗȳ ƨƕǖƨɄǑ aࣖ

ࢉࡹ



yȳƕƨɱƨȳƕƨȳʚ óƨʚʌ ŗȳƕ ,țǶɸʯƨʌ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ aࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ Ğ0 Ƕʌࣘ

࣢ �ȳ ǮȩƐƣɤƣȩƐƣȩʋ ɾƣʋࣘ ǶǑȳɄ ʚ˝Ʉ ˙ƨɼʚǶƉƨʌ ɄǑ Ğ0 ŗɼƨƉɄȳȳƨƉʚƨƕ
ſ˦ ŗȳ ƨƕǖƨɄǑ aࣖ

ࢉࡹ

E
U E W



yȳƕƨɱƨȳƕƨȳʚ óƨʚʌ ŗȳƕ ,țǶɸʯƨʌ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ aࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ Ğ0 Ƕʌࣘ

࣢ �ȳ ǮȩƐƣɤƣȩƐƣȩʋ ɾƣʋࣘ ǶǑȳɄ ʚ˝Ʉ ˙ƨɼʚǶƉƨʌ ɄǑ Ğ0 ŗɼƨƉɄȳȳƨƉʚƨƕ
ſ˦ ŗȳ ƨƕǖƨɄǑ aࣖ

࣢ ƅȑǮɪʠƣࣘ ƣˉƣɮ˖ ɱŗǶɼ ɄǑ ˙ƨɼʚǶƉƨʌ Ƕȳ Ğ0 Ƕʌ ƉɄȳȳƨƉʚƨƕ ſ˦ ŗȳ ƨƕǖƨ
ɄǑ aࣖ

ࢉࡹ



yȳƕƨɱƨȳƕƨȳʚ óƨʚʌ ŗȳƕ ,țǶɸʯƨʌ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ aࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ Ğ0 Ƕʌࣘ

࣢ �ȳ ǮȩƐƣɤƣȩƐƣȩʋ ɾƣʋࣘ ǶǑȳɄ ʚ˝Ʉ ˙ƨɼʚǶƉƨʌ ɄǑ Ğ0 ŗɼƨƉɄȳȳƨƉʚƨƕ
ſ˦ ŗȳ ƨƕǖƨɄǑ aࣖ

࣢ ƅȑǮɪʠƣࣘ ƣˉƣɮ˖ ɱŗǶɼ ɄǑ ˙ƨɼʚǶƉƨʌ Ƕȳ Ğ0 Ƕʌ ƉɄȳȳƨƉʚƨƕ ſ˦ ŗȳ ƨƕǖƨ
ɄǑ aࣖ

ࢉࡹ



yȳƕƨɱƨȳƕƨȳʚ óƨʚʌ ŗȳƕ ,țǶɸʯƨʌ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ aࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ Ğ0 Ƕʌࣘ

࣢ �ȳ ǮȩƐƣɤƣȩƐƣȩʋ ɾƣʋࣘ ǶǑȳɄ ʚ˝Ʉ ˙ƨɼʚǶƉƨʌ ɄǑ Ğ0 ŗɼƨƉɄȳȳƨƉʚƨƕ
ſ˦ ŗȳ ƨƕǖƨɄǑ aࣖ

࣢ ƅȑǮɪʠƣࣘ ƣˉƣɮ˖ ɱŗǶɼ ɄǑ ˙ƨɼʚǶƉƨʌ Ƕȳ Ğ0 Ƕʌ ƉɄȳȳƨƉʚƨƕ ſ˦ ŗȳ ƨƕǖƨ
ɄǑ aࣖ

ࢉࡹ



yȳƕƨɱƨȳƕƨȳʚ óƨʚʌ ŗȳƕ ,țǶɸʯƨʌ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ aࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ Ğ0 Ƕʌࣘ

࣢ �ȳ ǮȩƐƣɤƣȩƐƣȩʋ ɾƣʋࣘ ǶǑȳɄ ʚ˝Ʉ ˙ƨɼʚǶƉƨʌ ɄǑ Ğ0 ŗɼƨƉɄȳȳƨƉʚƨƕ
ſ˦ ŗȳ ƨƕǖƨɄǑ aࣖ

࣢ ƅȑǮɪʠƣࣘ ƣˉƣɮ˖ ɱŗǶɼ ɄǑ ˙ƨɼʚǶƉƨʌ Ƕȳ Ğ0 Ƕʌ ƉɄȳȳƨƉʚƨƕ ſ˦ ŗȳ ƨƕǖƨ
ɄǑ aࣖ

ࢉࡹ



ÿǫƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ ,țǶɸʯƨ âɼɄſțƨȭʌ

âɼɄſțƨȭࣘ yȳƕƨɱƨȳƕƨȳʚ óƨʚ

yȳʌʚŗȳƉƨࣘ � ǖɼŗɱǫ e ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋࣖ
çʯƨʌʚǶɄȳࣘ 6Ʉƨʌ e ǫŗʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ
� ȋࣞ

âɼɄſțƨȭࣘ ,țǶɸʯƨ

yȳʌʚŗȳƉƨࣘ � ǖɼŗɱǫ e ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋࣖ
çʯƨʌʚǶɄȳࣘ 6Ʉƨʌ e ǫŗʌ ŗ ƉțǶɸʯƨ ɄǑ ʌǶ˲ƨ � ȋࣞ

ࢍࡹ

Yes Do



ÿǫƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ ,țǶɸʯƨ âɼɄſțƨȭʌ

âɼɄſțƨȭࣘ yȳƕƨɱƨȳƕƨȳʚ óƨʚ

yȳʌʚŗȳƉƨࣘ � ǖɼŗɱǫ e ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋࣖ
çʯƨʌʚǶɄȳࣘ 6Ʉƨʌ e ǫŗʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ
� ȋࣞ

âɼɄſțƨȭࣘ ,țǶɸʯƨ

yȳʌʚŗȳƉƨࣘ � ǖɼŗɱǫ e ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋࣖ
çʯƨʌʚǶɄȳࣘ 6Ʉƨʌ e ǫŗʌ ŗ ƉțǶɸʯƨ ɄǑ ʌǶ˲ƨ � ȋࣞ

ࢍࡹ



éƨƉŗțț

bɄɼ ƕƨƉǶʌǶɄȳ ɱɼɄſțƨȭʌ ĩ, Ī ࣗ ŗ ɼƨƕʯƉʚǶɄȳ ǑɼɄȭ ĩ ʚɄ Ī Ƕʌࣘ

࣢ �ȳ ŗțǖɄɼǶʚǫȭ ࣚ
࣢ ʚǫŗʚ ʚŗȕƨʌ tĩ ࣗ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ ĩ ŗʌ Ƕȳɱʯʚ ࣚ
࣢ ŗȳƕ ɼƨʚʯɼȳʌ tĪ ࣗ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ Ī ŗʌ Ʉʯʚɱʯʚ ࣚ
࣢ ʌʯƉǫ ʚǫŗʚ ʚǫƨ ʌɄțʯʚǶɄȳ ࣯ĸEóࣩ¥¶ࣱ ʚɄ tĪ Ƕʌ ʚǫƨ ʌŗȭƨ ŗʌ ʚǫƨ
ʌɄțʯʚǶɄȳ ʚɄ tĩ ࣖ

࢑ࡹ



éƨƕʯƉǶȳǖ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ʚɄ ,țǶɸʯƨ

�ȳ ǶȳʌʚŗȳƉƨ ɄǑ yȳƕƨɱƨȳƕƨȳʚ óƨʚ Ƕʌ ŗ ǖɼŗɱǫ a ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋࣖ

࢕ࡹ



éƨƕʯƉǶȳǖ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ʚɄ ,țǶɸʯƨ

�ȳ ǶȳʌʚŗȳƉƨ ɄǑ yȳƕƨɱƨȳƕƨȳʚ óƨʚ Ƕʌ ŗ ǖɼŗɱǫ a ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋࣖ

࢕ࡹ

G E



éƨƕʯƉǶȳǖ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ʚɄ ,țǶɸʯƨ

�ȳ ǶȳʌʚŗȳƉƨ ɄǑ yȳƕƨɱƨȳƕƨȳʚ óƨʚ Ƕʌ ŗ ǖɼŗɱǫ a ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋࣖ

éƨƕʯƉʚǶɄȳ ǖǶ˙ƨȳ ha, ȋi Ʉʯʚɱʯʚʌ
⌦
a, ȋ

↵
˝ǫƨɼƨ a Ƕʌ ʚǫƨ

ƅȹȣɤȑƣȣƣȩʋ ɄǑ aࣖ a ǫŗʌ ŗȳ ƨƕǖƨ ʠˉ () ʠˉ Ƕʌ ȳɄʚ ŗȳ ƨƕǖƨ ɄǑ
aࣖ

࢕ࡹ



éƨƕʯƉǶȳǖ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ʚɄ ,țǶɸʯƨ

�ȳ ǶȳʌʚŗȳƉƨ ɄǑ yȳƕƨɱƨȳƕƨȳʚ óƨʚ Ƕʌ ŗ ǖɼŗɱǫ a ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋࣖ

éƨƕʯƉʚǶɄȳ ǖǶ˙ƨȳ ha, ȋi Ʉʯʚɱʯʚʌ
⌦
a, ȋ

↵
˝ǫƨɼƨ a Ƕʌ ʚǫƨ

ƅȹȣɤȑƣȣƣȩʋ ɄǑ aࣖ a ǫŗʌ ŗȳ ƨƕǖƨ ʠˉ () ʠˉ Ƕʌ ȳɄʚ ŗȳ ƨƕǖƨ ɄǑ
aࣖ

� Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ ȋ Ƕȳ a () � ƉțǶɸʯƨ ɄǑ ʌǶ˲ƨ ȋ Ƕȳ a ࢕ࡹ

B H



,ɄɼɼƨƉʚȳƨʌʌ ɄǑ ɼƨƕʯƉʚǶɄȳ

�ƨȭȭŗ
a ǣŗɾ ŗȩ ǮȩƐƣɤƣȩƐƣȩʋ ɾƣʋ ȹǋ ɾǮˢƣ ȋ () a ǣŗɾ ŗ ƅȑǮɪʠƣ ȹǋ ɾǮˢƣ
ȋࣖ

âɼɄɄǑࣖ
¥ƨƨƕ ʚɄ ɱɼɄ˙ƨ ʚ˝Ʉ ǑŗƉʚʌࣘ
a ǫŗʌ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ ŗʚ țƨŗʌʚ ȋ ǶȭɱțǶƨʌ ʚǫŗʚ a ǫŗʌ ŗ
ƉțǶɸʯƨ ɄǑ ʌǶ˲ƨ ŗʚ țƨŗʌʚ ȋࣖ

a ǫŗʌ ŗ ƉțǶɸʯƨ ɄǑ ʌǶ˲ƨ ŗʚ țƨŗʌʚ ȋ ǶȭɱțǶƨʌ ʚǫŗʚ a ǫŗʌ ŗȳ
Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ ŗʚ țƨŗʌʚ ȋࣖ

óǶȳƉƨ ç ✓ Ğ Ƕʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ Ƕȳ a () ç Ƕʌ ŗ ƉțǶɸʯƨ Ƕȳ
aࣖ

࢙ࡹ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ ,țǶɸʯƨ

࣢ yȳƕƨɱƨȳƕƨȳʚ óƨʚ × ,țǶɸʯƨࣖ

İǫŗʚ ƕɄƨʌ ʚǫǶʌ ȭƨŗȳࣞ
࣢ yǑ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭ ǑɄɼ ,țǶɸʯƨࣗ ʚǫƨȳ ˝ƨ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭ
ǑɄɼ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ

࣢ ,țǶɸʯƨ Ƕʌ ŗʋ ȑƣŗɾʋ ŗɾ ǣŗɮƐ ŗɾ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ
࣢ �țʌɄࣖࣖࣖ ,țǶɸʯƨ × yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ İǫ˦ࣞ ÿǫʯʌ ,țǶɸʯƨ ŗȳƕ
yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗɼƨ ɱɄțȳɄȭǶŗțࣽʚǶȭƨ ƨɸʯǶ˙ŗțƨȳʚࣖ

ࡱࡽ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ ,țǶɸʯƨ

࣢ yȳƕƨɱƨȳƕƨȳʚ óƨʚ × ,țǶɸʯƨࣖ
İǫŗʚ ƕɄƨʌ ʚǫǶʌ ȭƨŗȳࣞ

࣢ yǑ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭ ǑɄɼ ,țǶɸʯƨࣗ ʚǫƨȳ ˝ƨ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭ
ǑɄɼ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ

࣢ ,țǶɸʯƨ Ƕʌ ŗʋ ȑƣŗɾʋ ŗɾ ǣŗɮƐ ŗɾ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ
࣢ �țʌɄࣖࣖࣖ ,țǶɸʯƨ × yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ İǫ˦ࣞ ÿǫʯʌ ,țǶɸʯƨ ŗȳƕ
yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗɼƨ ɱɄțȳɄȭǶŗțࣽʚǶȭƨ ƨɸʯǶ˙ŗțƨȳʚࣖ

ࡱࡽ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ ,țǶɸʯƨ

࣢ yȳƕƨɱƨȳƕƨȳʚ óƨʚ × ,țǶɸʯƨࣖ
İǫŗʚ ƕɄƨʌ ʚǫǶʌ ȭƨŗȳࣞ

࣢ yǑ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭ ǑɄɼ ,țǶɸʯƨࣗ ʚǫƨȳ ˝ƨ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭ
ǑɄɼ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ

࣢ ,țǶɸʯƨ Ƕʌ ŗʋ ȑƣŗɾʋ ŗɾ ǣŗɮƐ ŗɾ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ

࣢ �țʌɄࣖࣖࣖ ,țǶɸʯƨ × yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ İǫ˦ࣞ ÿǫʯʌ ,țǶɸʯƨ ŗȳƕ
yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗɼƨ ɱɄțȳɄȭǶŗțࣽʚǶȭƨ ƨɸʯǶ˙ŗțƨȳʚࣖ

ࡱࡽ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ ,țǶɸʯƨ

࣢ yȳƕƨɱƨȳƕƨȳʚ óƨʚ × ,țǶɸʯƨࣖ
İǫŗʚ ƕɄƨʌ ʚǫǶʌ ȭƨŗȳࣞ

࣢ yǑ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭ ǑɄɼ ,țǶɸʯƨࣗ ʚǫƨȳ ˝ƨ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭ
ǑɄɼ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ

࣢ ,țǶɸʯƨ Ƕʌ ŗʋ ȑƣŗɾʋ ŗɾ ǣŗɮƐ ŗɾ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ
࣢ �țʌɄࣖࣖࣖ ,țǶɸʯƨ × yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ İǫ˦ࣞ ÿǫʯʌ ,țǶɸʯƨ ŗȳƕ
yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗɼƨ ɱɄțȳɄȭǶŗțࣽʚǶȭƨ ƨɸʯǶ˙ŗțƨȳʚࣖ

ࡱࡽ



ĬǶʌʯŗțǶ˲ƨ ,țǶɸʯƨ ŗȳƕ Ƕȳƕƨɱƨȳƕƨȳʚ óƨʚ éƨƕʯƉʚǶɄȳ

y ˝ŗȳʚ ʚɄ ʌǫɄ˝ yȳƕƨɱƨȳƕƨȳʚ óƨʚ Ƕʌ ŗʚțƨŗʌʚ ŗʌ ǫŗʌ ŗʌ ,țǶɸʯƨࣖ

İɼǶʚƨ Ʉʯʚ ʚǫƨ ƨɸʯŗțǶʚ˦ࣘ ,țǶɸʯƨ  yȳƕƨɱƨȳƕƨȳʚ óƨʚ
6ɼŗ˝ ɼƨƕʯƉʚǶɄȳ ̇ǖʯɼƨࣘ

bǶțț Ƕȳ ʚǫƨ ſțŗȳȕʌࣘ

࣢ tĩ = hai
࣢ �ĩ = *HB[m2
࣢ tĪ = hai
࣢ �Ī = AM/2T2M/2Mi a2i
࣢ Þ : a = {Ğ, B}

ࡹࡽ



ĬǶʌʯŗțǶ˲ƨ ,țǶɸʯƨ ŗȳƕ Ƕȳƕƨɱƨȳƕƨȳʚ óƨʚ éƨƕʯƉʚǶɄȳ

y ˝ŗȳʚ ʚɄ ʌǫɄ˝ yȳƕƨɱƨȳƕƨȳʚ óƨʚ Ƕʌ ŗʚțƨŗʌʚ ŗʌ ǫŗʌ ŗʌ ,țǶɸʯƨࣖ
İɼǶʚƨ Ʉʯʚ ʚǫƨ ƨɸʯŗțǶʚ˦ࣘ ,țǶɸʯƨ  yȳƕƨɱƨȳƕƨȳʚ óƨʚ

6ɼŗ˝ ɼƨƕʯƉʚǶɄȳ ̇ǖʯɼƨࣘ

bǶțț Ƕȳ ʚǫƨ ſțŗȳȕʌࣘ

࣢ tĩ = hai
࣢ �ĩ = *HB[m2
࣢ tĪ = hai
࣢ �Ī = AM/2T2M/2Mi a2i
࣢ Þ : a = {Ğ, B}

ࡹࡽ



ĬǶʌʯŗțǶ˲ƨ ,țǶɸʯƨ ŗȳƕ Ƕȳƕƨɱƨȳƕƨȳʚ óƨʚ éƨƕʯƉʚǶɄȳ

y ˝ŗȳʚ ʚɄ ʌǫɄ˝ yȳƕƨɱƨȳƕƨȳʚ óƨʚ Ƕʌ ŗʚțƨŗʌʚ ŗʌ ǫŗʌ ŗʌ ,țǶɸʯƨࣖ
İɼǶʚƨ Ʉʯʚ ʚǫƨ ƨɸʯŗțǶʚ˦ࣘ ,țǶɸʯƨ  yȳƕƨɱƨȳƕƨȳʚ óƨʚ
6ɼŗ˝ ɼƨƕʯƉʚǶɄȳ ̇ǖʯɼƨࣘ

AY

IY
YES

NO

IX
R

AX

bǶțț Ƕȳ ʚǫƨ ſțŗȳȕʌࣘ

࣢ tĩ = hai
࣢ �ĩ = *HB[m2
࣢ tĪ = hai
࣢ �Ī = AM/2T2M/2Mi a2i
࣢ Þ : a = {Ğ, B}

ࡹࡽ
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ĬǶʌʯŗțǶ˲ƨ ,țǶɸʯƨ ŗȳƕ Ƕȳƕƨɱƨȳƕƨȳʚ óƨʚ éƨƕʯƉʚǶɄȳ

y ˝ŗȳʚ ʚɄ ʌǫɄ˝ yȳƕƨɱƨȳƕƨȳʚ óƨʚ Ƕʌ ŗʚțƨŗʌʚ ŗʌ ǫŗʌ ŗʌ ,țǶɸʯƨࣖ
İɼǶʚƨ Ʉʯʚ ʚǫƨ ƨɸʯŗțǶʚ˦ࣘ ,țǶɸʯƨ  yȳƕƨɱƨȳƕƨȳʚ óƨʚ
6ɼŗ˝ ɼƨƕʯƉʚǶɄȳ ̇ǖʯɼƨࣘ

AY

IY
YES

NO

IX
R

AX

bǶțț Ƕȳ ʚǫƨ ſțŗȳȕʌࣘ

࣢ tĩ = hai
࣢ �ĩ = *HB[m2
࣢ tĪ = hai
࣢ �Ī = AM/2T2M/2Mi a2i
࣢ Þ : a = {Ğ, B} ࡹࡽ

KEY
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Problem As
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that
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éƨ˙Ƕƨ˝ࣘ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ ,țǶɸʯƨ

�ʌʌʯȭƨ ˦Ʉʯ Ɖŗȳ ʌɄț˙ƨ ʚǫƨ ,țǶɸʯƨ ɱɼɄſțƨȭ Ƕȳ ò(ȩ) ʚǶȭƨࣖ ÿǫƨȳ
˦Ʉʯ Ɖŗȳ ʌɄț˙ƨ ʚǫƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ɱɼɄſțƨȭ Ƕȳ

࣯�ࣱ ­(ò(ȩ)) ʚǶȭƨࣖ
࣯$ࣱ ­(ȩ log ȩ+ ò(ȩ)) ʚǶȭƨࣖ
࣯,ࣱ ­(ȩࡽò(ȩࡽ)) ʚǶȭƨࣖ
࣯6ࣱ ­(ȩࢅò(ȩࢅ)) ʚǶȭƨࣖ
࣯Eࣱ ­(ȩࡽ + ò(ȩࡽ)) ʚǶȭƨࣖ
࣯bࣱ 6Ʉƨʌ ȳɄʚ ȭŗʚʚƨɼ ࣽ ŗțț ʚǫƨʌƨ ŗɼƨ ɱɄț˦ȳɄȭǶŗț ǶǑ ò(ȩ) Ƕʌ

ɱɄț˦ȳɄȭǶŗțࣗ ˝ǫǶƉǫ Ƕʌ ǖɄɄƕ ƨȳɄʯǖǫ ǑɄɼ Ʉʯɼ ɱʯɼɱɄʌƨʌࣖ

ࡽࡽ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ



Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ a = (Ğ, B)ࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ ç Ƕʌࣘ

࣢ � ˉƣɮʋƣ˕ ƅȹˉƣɮ ǶǑ ƨ˙ƨɼ˦ ƣ 2 B ǫŗʌ ŗʚ țƨŗʌʚ Ʉȳƨ ƨȳƕɱɄǶȳʚ Ƕȳ çࣖ

ࢁࡽ



Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ a = (Ğ, B)ࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ ç Ƕʌࣘ

࣢ � ˉƣɮʋƣ˕ ƅȹˉƣɮ ǶǑ ƨ˙ƨɼ˦ ƣ 2 B ǫŗʌ ŗʚ țƨŗʌʚ Ʉȳƨ ƨȳƕɱɄǶȳʚ Ƕȳ çࣖ

ࢁࡽ



Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ a = (Ğ, B)ࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ ç Ƕʌࣘ

࣢ � ˉƣɮʋƣ˕ ƅȹˉƣɮ ǶǑ ƨ˙ƨɼ˦ ƣ 2 B ǫŗʌ ŗʚ țƨŗʌʚ Ʉȳƨ ƨȳƕɱɄǶȳʚ Ƕȳ çࣖ

ࢁࡽ



Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ a = (Ğ, B)ࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ ç Ƕʌࣘ

࣢ � ˉƣɮʋƣ˕ ƅȹˉƣɮ ǶǑ ƨ˙ƨɼ˦ ƣ 2 B ǫŗʌ ŗʚ țƨŗʌʚ Ʉȳƨ ƨȳƕɱɄǶȳʚ Ƕȳ çࣖ

ࢁࡽ



Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

eǶ˙ƨȳ ŗ ǖɼŗɱǫ a = (Ğ, B)ࣗ ŗ ʌƨʚ ɄǑ ˙ƨɼʚǶƉƨʌ ç Ƕʌࣘ

࣢ � ˉƣɮʋƣ˕ ƅȹˉƣɮ ǶǑ ƨ˙ƨɼ˦ ƣ 2 B ǫŗʌ ŗʚ țƨŗʌʚ Ʉȳƨ ƨȳƕɱɄǶȳʚ Ƕȳ çࣖ

ࢁࡽ



ÿǫƨ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ âɼɄſțƨȭ

âɼɄſțƨȭ ࣯Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼࣱ

yȳɱʯʚࣘ � ǐɮŗɤǣ a ŗȩƐ Ǯȩʋƣǐƣɮ ȋࣖ
eɄŗțࣘ tɾ ʋǣƣɮƣ ŗ ˉƣɮʋƣ˕ ƅȹˉƣɮ ȹǋ ɾǮˢƣ  ȋ Ǯȩ aࣝ

,ŗȳ ˝ƨ ɼƨțŗʚƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼࣞ

ࢅࡽ



ÿǫƨ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ âɼɄſțƨȭ

âɼɄſțƨȭ ࣯Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼࣱ

yȳɱʯʚࣘ � ǐɮŗɤǣ a ŗȩƐ Ǯȩʋƣǐƣɮ ȋࣖ
eɄŗțࣘ tɾ ʋǣƣɮƣ ŗ ˉƣɮʋƣ˕ ƅȹˉƣɮ ȹǋ ɾǮˢƣ  ȋ Ǯȩ aࣝ

,ŗȳ ˝ƨ ɼƨțŗʚƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ŗȳƕ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼࣞ

ࢅࡽ



éƨțŗʚǶɄȳʌǫǶɱ ſƨʚ˝ƨƨȳ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ ŗȳƕ yȳƕƨɱƨȳƕƨȳʚ óƨʚ

�ƨȭȭŗ
�ƣʋ a = (Ğ, B) Żƣ ŗ ǐɮŗɤǣࣖ ç Ǯɾ ŗȩ tȩƐƣɤƣȩƐƣȩʋ çƣʋ () Ğ \ ç Ǯɾ
ŗ ˉƣɮʋƣ˕ ƅȹˉƣɮࣖ

âɼɄɄǑࣖ
࣯)ࣱ �ƨʚ ç ſƨ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ

࣢ ,ɄȳʌǶƕƨɼ ŗȳ˦ ƨƕǖƨ ʠˉ 2 Bࣖ
࣢ óǶȳƉƨ ç Ƕʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚࣗ ƨǶʚǫƨɼ ʠ 62 ç Ʉɼ ˉ 62 çࣖ
࣢ ÿǫʯʌࣗ ƨǶʚǫƨɼ ʠ 2 Ğ \ ç Ʉɼ ˉ 2 Ğ \ çࣖ
࣢ Ğ \ ç Ƕʌ ŗ ˙ƨɼʚƨ˥ ƉɄ˙ƨɼࣖ

࣯(ࣱ �ƨʚ Ğ \ ç ſƨ ʌɄȭƨ ˙ƨɼʚƨ˥ ƉɄ˙ƨɼࣘ
࣢ ,ɄȳʌǶƕƨɼ ʠ, ˉ 2 ç
࣢ ʠˉ Ƕʌ ȳɄʚ ŗȳ ƨƕǖƨ ɄǑ eࣗ ŗʌ Ʉʚǫƨɼ˝Ƕʌƨ Ğ \ ç ƕɄƨʌ ȳɄʚ ƉɄ˙ƨɼ ʠˉࣖ
࣢ =) ç Ƕʌ ʚǫʯʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚࣖ

ࢉࡽ



éƨțŗʚǶɄȳʌǫǶɱ ſƨʚ˝ƨƨȳ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ ŗȳƕ yȳƕƨɱƨȳƕƨȳʚ óƨʚ

�ƨȭȭŗ
�ƣʋ a = (Ğ, B) Żƣ ŗ ǐɮŗɤǣࣖ ç Ǯɾ ŗȩ tȩƐƣɤƣȩƐƣȩʋ çƣʋ () Ğ \ ç Ǯɾ
ŗ ˉƣɮʋƣ˕ ƅȹˉƣɮࣖ

âɼɄɄǑࣖ
࣯)ࣱ �ƨʚ ç ſƨ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ

࣢ ,ɄȳʌǶƕƨɼ ŗȳ˦ ƨƕǖƨ ʠˉ 2 Bࣖ
࣢ óǶȳƉƨ ç Ƕʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚࣗ ƨǶʚǫƨɼ ʠ 62 ç Ʉɼ ˉ 62 çࣖ
࣢ ÿǫʯʌࣗ ƨǶʚǫƨɼ ʠ 2 Ğ \ ç Ʉɼ ˉ 2 Ğ \ çࣖ
࣢ Ğ \ ç Ƕʌ ŗ ˙ƨɼʚƨ˥ ƉɄ˙ƨɼࣖ

࣯(ࣱ �ƨʚ Ğ \ ç ſƨ ʌɄȭƨ ˙ƨɼʚƨ˥ ƉɄ˙ƨɼࣘ
࣢ ,ɄȳʌǶƕƨɼ ʠ, ˉ 2 ç
࣢ ʠˉ Ƕʌ ȳɄʚ ŗȳ ƨƕǖƨ ɄǑ eࣗ ŗʌ Ʉʚǫƨɼ˝Ƕʌƨ Ğ \ ç ƕɄƨʌ ȳɄʚ ƉɄ˙ƨɼ ʠˉࣖ
࣢ =) ç Ƕʌ ʚǫʯʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚࣖ

ࢉࡽ



éƨțŗʚǶɄȳʌǫǶɱ ſƨʚ˝ƨƨȳ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ ŗȳƕ yȳƕƨɱƨȳƕƨȳʚ óƨʚ

�ƨȭȭŗ
�ƣʋ a = (Ğ, B) Żƣ ŗ ǐɮŗɤǣࣖ ç Ǯɾ ŗȩ tȩƐƣɤƣȩƐƣȩʋ çƣʋ () Ğ \ ç Ǯɾ
ŗ ˉƣɮʋƣ˕ ƅȹˉƣɮࣖ

âɼɄɄǑࣖ
࣯)ࣱ �ƨʚ ç ſƨ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ

࣢ ,ɄȳʌǶƕƨɼ ŗȳ˦ ƨƕǖƨ ʠˉ 2 Bࣖ
࣢ óǶȳƉƨ ç Ƕʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚࣗ ƨǶʚǫƨɼ ʠ 62 ç Ʉɼ ˉ 62 çࣖ
࣢ ÿǫʯʌࣗ ƨǶʚǫƨɼ ʠ 2 Ğ \ ç Ʉɼ ˉ 2 Ğ \ çࣖ
࣢ Ğ \ ç Ƕʌ ŗ ˙ƨɼʚƨ˥ ƉɄ˙ƨɼࣖ

࣯(ࣱ �ƨʚ Ğ \ ç ſƨ ʌɄȭƨ ˙ƨɼʚƨ˥ ƉɄ˙ƨɼࣘ
࣢ ,ɄȳʌǶƕƨɼ ʠ, ˉ 2 ç
࣢ ʠˉ Ƕʌ ȳɄʚ ŗȳ ƨƕǖƨ ɄǑ eࣗ ŗʌ Ʉʚǫƨɼ˝Ƕʌƨ Ğ \ ç ƕɄƨʌ ȳɄʚ ƉɄ˙ƨɼ ʠˉࣖ
࣢ =) ç Ƕʌ ʚǫʯʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚࣖ

ࢉࡽ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ â Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

࣢ aࣘ ǖɼŗɱǫ ˝Ƕʚǫ ȩ ˙ƨɼʚǶƉƨʌࣗ ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋ ſƨ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ
ʚǫƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ɱɼɄſțƨȭࣖ

࣢ a ǫŗʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ � ȋ () a ǫŗʌ ŗ ˙ƨɼʚƨ˥
ƉɄ˙ƨɼ ɄǑ ʌǶ˲ƨ  ȩ� ȋ

࣢ (a, ȋ) Ƕʌ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣗ ŗȳƕ (a,ȩ� ȋ) Ƕʌ
ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ ˝Ƕʚǫ ʚǫƨ ʌŗȭƨ ŗȳʌ˝ƨɼࣖ

࣢ ÿǫƨɼƨǑɄɼƨࣗ yȳƕƨɱƨȳƕƨȳʚ óƨʚ × Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼࣖ �țʌɄ Ĭƨɼʚƨ˥
,Ʉ˙ƨɼ × yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ

ࢍࡽ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ â Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

࣢ aࣘ ǖɼŗɱǫ ˝Ƕʚǫ ȩ ˙ƨɼʚǶƉƨʌࣗ ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋ ſƨ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ
ʚǫƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ɱɼɄſțƨȭࣖ

࣢ a ǫŗʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ � ȋ () a ǫŗʌ ŗ ˙ƨɼʚƨ˥
ƉɄ˙ƨɼ ɄǑ ʌǶ˲ƨ  ȩ� ȋ

࣢ (a, ȋ) Ƕʌ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣗ ŗȳƕ (a,ȩ� ȋ) Ƕʌ
ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ ˝Ƕʚǫ ʚǫƨ ʌŗȭƨ ŗȳʌ˝ƨɼࣖ

࣢ ÿǫƨɼƨǑɄɼƨࣗ yȳƕƨɱƨȳƕƨȳʚ óƨʚ × Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼࣖ �țʌɄ Ĭƨɼʚƨ˥
,Ʉ˙ƨɼ × yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ

ࢍࡽ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ â Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

࣢ aࣘ ǖɼŗɱǫ ˝Ƕʚǫ ȩ ˙ƨɼʚǶƉƨʌࣗ ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋ ſƨ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ
ʚǫƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ɱɼɄſțƨȭࣖ

࣢ a ǫŗʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ � ȋ () a ǫŗʌ ŗ ˙ƨɼʚƨ˥
ƉɄ˙ƨɼ ɄǑ ʌǶ˲ƨ  ȩ� ȋ

࣢ (a, ȋ) Ƕʌ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣗ ŗȳƕ (a,ȩ� ȋ) Ƕʌ
ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ ˝Ƕʚǫ ʚǫƨ ʌŗȭƨ ŗȳʌ˝ƨɼࣖ

࣢ ÿǫƨɼƨǑɄɼƨࣗ yȳƕƨɱƨȳƕƨȳʚ óƨʚ × Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼࣖ �țʌɄ Ĭƨɼʚƨ˥
,Ʉ˙ƨɼ × yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ

ࢍࡽ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ â Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

࣢ aࣘ ǖɼŗɱǫ ˝Ƕʚǫ ȩ ˙ƨɼʚǶƉƨʌࣗ ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋ ſƨ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ
ʚǫƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ɱɼɄſțƨȭࣖ

࣢ a ǫŗʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ � ȋ () a ǫŗʌ ŗ ˙ƨɼʚƨ˥
ƉɄ˙ƨɼ ɄǑ ʌǶ˲ƨ  ȩ� ȋ

࣢ (a, ȋ) Ƕʌ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ yȳƕƨɱƨȳƕƨȳʚ óƨʚࣗ ŗȳƕ (a,ȩ� ȋ) Ƕʌ
ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ ˝Ƕʚǫ ʚǫƨ ʌŗȭƨ ŗȳʌ˝ƨɼࣖ

࣢ ÿǫƨɼƨǑɄɼƨࣗ yȳƕƨɱƨȳƕƨȳʚ óƨʚ × Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼࣖ �țʌɄ Ĭƨɼʚƨ˥
,Ʉ˙ƨɼ × yȳƕƨɱƨȳƕƨȳʚ óƨʚࣖ

ࢍࡽ



yȳƕƨɱƨȳƕƨȳʚ óƨʚ â Ĭƨɼʚƨ˥ ,Ʉ˙ƨɼ

࣢ aࣘ ǖɼŗɱǫ ˝Ƕʚǫ ȩ ˙ƨɼʚǶƉƨʌࣗ ŗȳƕ ŗȳ Ƕȳʚƨǖƨɼ ȋ ſƨ ŗȳ ǶȳʌʚŗȳƉƨ ɄǑ
ʚǫƨ yȳƕƨɱƨȳƕƨȳʚ óƨʚ ɱɼɄſțƨȭࣖ

࣢ a ǫŗʌ ŗȳ Ƕȳƕƨɱƨȳƕƨȳʚ ʌƨʚ ɄǑ ʌǶ˲ƨ � ȋ () a ǫŗʌ ŗ ˙ƨɼʚƨ˥
ƉɄ˙ƨɼ ɄǑ ʌǶ˲ƨ  ȩ� ȋ

AY

IY
YES

NO

IX
R

AX

࣢ tĩ = hai
࣢ �ĩ = AM/2T2M/2Mi a2i(a, ȋ)
࣢ tĪ = hai
࣢ �Ī = o2`i2t *Qp2`(a,ȩ� ȋ)
࣢ Þ : a0 = a ࢑ࡽ

I S E v e
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¥b�ʌ਎6b�ʌ ŗȳƕ ĎȳǶ˙ƨɼʌŗțǶʚ˦



6b� �ƉƉƨɱʚǶȳǖ ŗ óʚɼǶȳǖ

eǶ˙ƨȳ 6b� � ŗȳƕ ʌʚɼǶȳǖ ˍ 2 ⌃⇤ࣗ ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ

࣢ yȳʌʚŗȳƉƨ Ƕʌ h�,ˍi
࣢ �țǖɄɼǶʚǫȭࣘ ǖǶ˙ƨȳ h�,ˍiࣗ Ʉʯʚɱʯʚ ĸEó ǶǑ � ŗƉƉƨɱʚʌ ˍࣗ ƨțʌƨ ¥¶

ɪࡱʌʚŗɼʚ ɪࡹ

ɪࡽ ɪࢁ

ࡱ

ࡹ

ࡱࡹ ࡱ

ࡹ ࣗࡹࡱ

6Ʉƨʌ ŗſɄ˙ƨ 6b� ŗƉƉƨɱʚ ࣞࡱࡹࡹࡱࡹࡱࡱ ࢕ࡽ

O

NG



6b� �ƉƉƨɱʚǶȳǖ ŗ óʚɼǶȳǖ

eǶ˙ƨȳ 6b� � ŗȳƕ ʌʚɼǶȳǖ ˍ 2 ⌃⇤ࣗ ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ

࣢ yȳʌʚŗȳƉƨ Ƕʌ h�,ˍi
࣢ �țǖɄɼǶʚǫȭࣘ ǖǶ˙ƨȳ h�,ˍiࣗ Ʉʯʚɱʯʚ ĸEó ǶǑ � ŗƉƉƨɱʚʌ ˍࣗ ƨțʌƨ ¥¶

çʯƨʌʚǶɄȳࣘ yʌ ʚǫƨɼƨ ŗȳ ࣯ƨ˾ƉǶƨȳʚࣱ ŗțǖɄɼǶʚǫȭ ǑɄɼ ʚǫǶʌ ɱɼɄſțƨȭࣞ

ĸƨʌࣖ óǶȭʯțŗʚƨ � Ʉȳ ˍ ŗȳƕ Ʉʯʚɱʯʚ ĸEó ǶǑ � ɼƨŗƉǫƨʌ ŗ ̇ȳŗț ʌʚŗʚƨࣖ

E˥ƨɼƉǶʌƨࣘ óǫɄ˝ ŗ țǶȳƨŗɼ ʚǶȭƨ ŗțǖɄɼǶʚǫȭࣖ ¥Ʉʚƨ ʚǫŗʚ țǶȳƨŗɼ Ƕʌ Ƕȳ
ʚǫƨ Ƕȳɱʯʚ ʌǶ˲ƨ ˝ǫǶƉǫ ǶȳƉțʯƕƨʌ ſɄʚǫ ƨȳƉɄƕǶȳǖ ʌǶ˲ƨ ɄǑ � ŗȳƕ |ˍ|ࣖ

࢙ࡽ



6b� �ƉƉƨɱʚǶȳǖ ŗ óʚɼǶȳǖ

eǶ˙ƨȳ 6b� � ŗȳƕ ʌʚɼǶȳǖ ˍ 2 ⌃⇤ࣗ ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ

࣢ yȳʌʚŗȳƉƨ Ƕʌ h�,ˍi
࣢ �țǖɄɼǶʚǫȭࣘ ǖǶ˙ƨȳ h�,ˍiࣗ Ʉʯʚɱʯʚ ĸEó ǶǑ � ŗƉƉƨɱʚʌ ˍࣗ ƨțʌƨ ¥¶

çʯƨʌʚǶɄȳࣘ yʌ ʚǫƨɼƨ ŗȳ ࣯ƨ˾ƉǶƨȳʚࣱ ŗțǖɄɼǶʚǫȭ ǑɄɼ ʚǫǶʌ ɱɼɄſțƨȭࣞ

ĸƨʌࣖ óǶȭʯțŗʚƨ � Ʉȳ ˍ ŗȳƕ Ʉʯʚɱʯʚ ĸEó ǶǑ � ɼƨŗƉǫƨʌ ŗ ̇ȳŗț ʌʚŗʚƨࣖ

E˥ƨɼƉǶʌƨࣘ óǫɄ˝ ŗ țǶȳƨŗɼ ʚǶȭƨ ŗțǖɄɼǶʚǫȭࣖ ¥Ʉʚƨ ʚǫŗʚ țǶȳƨŗɼ Ƕʌ Ƕȳ
ʚǫƨ Ƕȳɱʯʚ ʌǶ˲ƨ ˝ǫǶƉǫ ǶȳƉțʯƕƨʌ ſɄʚǫ ƨȳƉɄƕǶȳǖ ʌǶ˲ƨ ɄǑ � ŗȳƕ |ˍ|ࣖ

࢙ࡽ



¥b� �ƉƉƨɱʚǶȳǖ ŗ óʚɼǶȳǖ

eǶ˙ƨȳ ¥b� � ŗȳƕ ʌʚɼǶȳǖ ˍ 2 ⌃⇤ࣗ ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ

࣢ yȳʌʚŗȳƉƨ Ƕʌ h�,ˍi
࣢ �țǖɄɼǶʚǫȭࣘ ǖǶ˙ƨȳ h�,ˍiࣗ Ʉʯʚɱʯʚ ĸEó ǶǑ � ŗƉƉƨɱʚʌ ˍࣗ ƨțʌƨ ¥¶

ɪࡱʌʚŗɼʚ ɪࡹ ɪࡽ ɪࢁ

ࣗࡹࡱ

ࡹ ࡱ
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ࡹ

ࣗࡹࡱ

6Ʉƨʌ ŗſɄ˙ƨ ¥b� ŗƉƉƨɱʚ ࣞࡱࡹࡹࡱࡹࡱࡱ

ࡱࢁ
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¥b� �ƉƉƨɱʚǶȳǖ ŗ óʚɼǶȳǖ

eǶ˙ƨȳ ¥b� � ŗȳƕ ʌʚɼǶȳǖ ˍ 2 ⌃⇤ࣗ ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ

࣢ yȳʌʚŗȳƉƨ Ƕʌ h�,ˍi
࣢ �țǖɄɼǶʚǫȭࣘ ǖǶ˙ƨȳ h�,ˍiࣗ Ʉʯʚɱʯʚ ĸEó ǶǑ � ŗƉƉƨɱʚʌ ˍࣗ ƨțʌƨ ¥¶

çʯƨʌʚǶɄȳࣘ yʌ ʚǫƨɼƨ ŗȳ ŗțǖɄɼǶʚǫȭ ǑɄɼ ʚǫǶʌ ɱɼɄſțƨȭࣞ

࣢ ,Ʉȳ˙ƨɼʚ � ʚɄ ƨɸʯǶ˙ŗțƨȳʚ 6b� � ŗȳƕ ʯʌƨ ɱɼƨ˙ǶɄʯʌ ŗțǖɄɼǶʚǫȭࣛ
࣢ pƨȳƉƨ ŗ ɼƨƕʯƉʚǶɄȳ ʚǫŗʚ ʚŗȕƨʌ h�,ˍi ʚɄ h�,ˍi
࣢ yʌ ʚǫǶʌ ɼƨƕʯƉʚǶɄȳ ƨ˾ƉǶƨȳʚࣞ ¥Ʉࣗ ſƨƉŗʯʌƨ |�| Ƕʌ ƨ˥ɱɄȳƨȳʚǶŗț
Ƕȳ |�| Ƕȳ ʚǫƨ ˝Ʉɼʌʚ Ɖŗʌƨࣖ

E˥ƨɼƉǶʌƨࣘ 6ƨʌƉɼǶſƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭࣖ

pƨȳƉƨ ɼƨƕʯƉʚǶɄȳ ȭŗ˦ ŗțțɄ˝ ˦Ʉʯ ʚɄ ʌƨƨ ŗȳ ƨŗʌ˦ ŗțǖɄɼǶʚǫȭ ſʯʚ
ȳɄʚ ȳƨƉƨʌʌŗɼǶț˦ ſƨʌʚ ŗțǖɄɼǶʚǫȭࣛ

ࡹࢁ



¥b� �ƉƉƨɱʚǶȳǖ ŗ óʚɼǶȳǖ

eǶ˙ƨȳ ¥b� � ŗȳƕ ʌʚɼǶȳǖ ˍ 2 ⌃⇤ࣗ ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ

࣢ yȳʌʚŗȳƉƨ Ƕʌ h�,ˍi
࣢ �țǖɄɼǶʚǫȭࣘ ǖǶ˙ƨȳ h�,ˍiࣗ Ʉʯʚɱʯʚ ĸEó ǶǑ � ŗƉƉƨɱʚʌ ˍࣗ ƨțʌƨ ¥¶

çʯƨʌʚǶɄȳࣘ yʌ ʚǫƨɼƨ ŗȳ ŗțǖɄɼǶʚǫȭ ǑɄɼ ʚǫǶʌ ɱɼɄſțƨȭࣞ

࣢ ,Ʉȳ˙ƨɼʚ � ʚɄ ƨɸʯǶ˙ŗțƨȳʚ 6b� � ŗȳƕ ʯʌƨ ɱɼƨ˙ǶɄʯʌ ŗțǖɄɼǶʚǫȭࣛ
࣢ pƨȳƉƨ ŗ ɼƨƕʯƉʚǶɄȳ ʚǫŗʚ ʚŗȕƨʌ h�,ˍi ʚɄ h�,ˍi
࣢ yʌ ʚǫǶʌ ɼƨƕʯƉʚǶɄȳ ƨ˾ƉǶƨȳʚࣞ

¥Ʉࣗ ſƨƉŗʯʌƨ |�| Ƕʌ ƨ˥ɱɄȳƨȳʚǶŗț
Ƕȳ |�| Ƕȳ ʚǫƨ ˝Ʉɼʌʚ Ɖŗʌƨࣖ

E˥ƨɼƉǶʌƨࣘ 6ƨʌƉɼǶſƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭࣖ

pƨȳƉƨ ɼƨƕʯƉʚǶɄȳ ȭŗ˦ ŗțțɄ˝ ˦Ʉʯ ʚɄ ʌƨƨ ŗȳ ƨŗʌ˦ ŗțǖɄɼǶʚǫȭ ſʯʚ
ȳɄʚ ȳƨƉƨʌʌŗɼǶț˦ ſƨʌʚ ŗțǖɄɼǶʚǫȭࣛ

ࡹࢁ
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¥b� �ƉƉƨɱʚǶȳǖ ŗ óʚɼǶȳǖ

eǶ˙ƨȳ ¥b� � ŗȳƕ ʌʚɼǶȳǖ ˍ 2 ⌃⇤ࣗ ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ

࣢ yȳʌʚŗȳƉƨ Ƕʌ h�,ˍi
࣢ �țǖɄɼǶʚǫȭࣘ ǖǶ˙ƨȳ h�,ˍiࣗ Ʉʯʚɱʯʚ ĸEó ǶǑ � ŗƉƉƨɱʚʌ ˍࣗ ƨțʌƨ ¥¶

çʯƨʌʚǶɄȳࣘ yʌ ʚǫƨɼƨ ŗȳ ŗțǖɄɼǶʚǫȭ ǑɄɼ ʚǫǶʌ ɱɼɄſțƨȭࣞ

࣢ ,Ʉȳ˙ƨɼʚ � ʚɄ ƨɸʯǶ˙ŗțƨȳʚ 6b� � ŗȳƕ ʯʌƨ ɱɼƨ˙ǶɄʯʌ ŗțǖɄɼǶʚǫȭࣛ
࣢ pƨȳƉƨ ŗ ɼƨƕʯƉʚǶɄȳ ʚǫŗʚ ʚŗȕƨʌ h�,ˍi ʚɄ h�,ˍi
࣢ yʌ ʚǫǶʌ ɼƨƕʯƉʚǶɄȳ ƨ˾ƉǶƨȳʚࣞ ¥Ʉࣗ ſƨƉŗʯʌƨ |�| Ƕʌ ƨ˥ɱɄȳƨȳʚǶŗț
Ƕȳ |�| Ƕȳ ʚǫƨ ˝Ʉɼʌʚ Ɖŗʌƨࣖ

E˥ƨɼƉǶʌƨࣘ 6ƨʌƉɼǶſƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭࣖ

pƨȳƉƨ ɼƨƕʯƉʚǶɄȳ ȭŗ˦ ŗțțɄ˝ ˦Ʉʯ ʚɄ ʌƨƨ ŗȳ ƨŗʌ˦ ŗțǖɄɼǶʚǫȭ ſʯʚ
ȳɄʚ ȳƨƉƨʌʌŗɼǶț˦ ſƨʌʚ ŗțǖɄɼǶʚǫȭࣛ ࡹࢁ



6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦

� 6b� � Ƕʌ ʯȳǶ˙ƨɼʌŗț ǶǑ Ƕʚ ŗƉƉƨɱʚʌ ƨ˙ƨɼ˦ ʌʚɼǶȳǖࣖ

ÿǫŗʚ Ƕʌࣗ �(�) = ⌃⇤ࣗ ʚǫƨ ʌƨʚ ɄǑ ŗțț ʌʚɼǶȳǖʌࣖ

âɼɄſțƨȭ ࣯6b� ʯȳǶ˙ƨɼʌŗțǶʚ˦ࣱ

yȳɱʯʚࣘ � 3^� �ࣖ
eɄŗțࣘ tɾ � ʠȩǮˉƣɮɾŗȑࣝ

pɄ˝ ƕɄ ˝ƨ ʌɄț˙ƨ 6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ࣞ

İƨ ƉǫƨƉȕ ǶǑ � ǫŗʌ ŗȩ˖ ɼƨŗƉǫŗſțƨ ȳɄȳࣽ̇ȳŗț ʌʚŗʚƨࣖ

ࡽࢁ

2



¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦

�ȳ ¥b� � Ƕʌ ʌŗǶƕ ʚɄ ſƨ ʯȳǶ˙ƨɼʌŗț ǶǑ Ƕʚ ŗƉƉƨɱʚʌ ƨ˙ƨɼ˦ ʌʚɼǶȳǖࣖ ÿǫŗʚ
Ƕʌࣗ �(�) = ⌃⇤ࣗ ʚǫƨ ʌƨʚ ɄǑ ŗțț ʌʚɼǶȳǖʌࣖ
âɼɄſțƨȭ ࣯¥b� ʯȳǶ˙ƨɼʌŗțǶʚ˦ࣱ

yȳɱʯʚࣘ � �^� �ࣖ
eɄŗțࣘ tɾ � ʠȩǮˉƣɮɾŗȑࣝ

pɄ˝ ƕɄ ˝ƨ ʌɄț˙ƨ ¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ࣞ

éƨƕʯƉƨ Ƕʚ ʚɄ 6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ࣞ

eǶ˙ƨȳ ŗȳ ¥b� �ࣗ ƉɄȳ˙ƨɼʚ Ƕʚ ʚɄ ŗȳ ƨɸʯǶ˙ŗțƨȳʚ 6b� �ࣗ ŗȳƕ ʯʌƨ ʚǫƨ
6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ �țǖɄɼǶʚǫȭࣖ

İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſțƨȭ ˝Ƕʚǫ ʚǫǶʌ ɼƨƕʯƉʚǶɄȳࣞ ÿǫƨ ɼƨƕʯƉʚǶɄȳ ʚŗȕƨʌ
ƨ˥ɱɄȳƨȳʚǶŗț ʚǶȭƨࣛ
¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ Ƕʌ ȕȳɄ˝ȳ ʚɄ ſƨ âóâ�,Eࣽ,Ʉȭɱțƨʚƨࣖ

ࢁࢁ



¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦

�ȳ ¥b� � Ƕʌ ʌŗǶƕ ʚɄ ſƨ ʯȳǶ˙ƨɼʌŗț ǶǑ Ƕʚ ŗƉƉƨɱʚʌ ƨ˙ƨɼ˦ ʌʚɼǶȳǖࣖ ÿǫŗʚ
Ƕʌࣗ �(�) = ⌃⇤ࣗ ʚǫƨ ʌƨʚ ɄǑ ŗțț ʌʚɼǶȳǖʌࣖ
âɼɄſțƨȭ ࣯¥b� ʯȳǶ˙ƨɼʌŗțǶʚ˦ࣱ

yȳɱʯʚࣘ � �^� �ࣖ
eɄŗțࣘ tɾ � ʠȩǮˉƣɮɾŗȑࣝ

pɄ˝ ƕɄ ˝ƨ ʌɄț˙ƨ ¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ࣞ

éƨƕʯƉƨ Ƕʚ ʚɄ 6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ࣞ

eǶ˙ƨȳ ŗȳ ¥b� �ࣗ ƉɄȳ˙ƨɼʚ Ƕʚ ʚɄ ŗȳ ƨɸʯǶ˙ŗțƨȳʚ 6b� �ࣗ ŗȳƕ ʯʌƨ ʚǫƨ
6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ �țǖɄɼǶʚǫȭࣖ

İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſțƨȭ ˝Ƕʚǫ ʚǫǶʌ ɼƨƕʯƉʚǶɄȳࣞ ÿǫƨ ɼƨƕʯƉʚǶɄȳ ʚŗȕƨʌ
ƨ˥ɱɄȳƨȳʚǶŗț ʚǶȭƨࣛ
¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ Ƕʌ ȕȳɄ˝ȳ ʚɄ ſƨ âóâ�,Eࣽ,Ʉȭɱțƨʚƨࣖ

ࢁࢁ



¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦

�ȳ ¥b� � Ƕʌ ʌŗǶƕ ʚɄ ſƨ ʯȳǶ˙ƨɼʌŗț ǶǑ Ƕʚ ŗƉƉƨɱʚʌ ƨ˙ƨɼ˦ ʌʚɼǶȳǖࣖ ÿǫŗʚ
Ƕʌࣗ �(�) = ⌃⇤ࣗ ʚǫƨ ʌƨʚ ɄǑ ŗțț ʌʚɼǶȳǖʌࣖ
âɼɄſțƨȭ ࣯¥b� ʯȳǶ˙ƨɼʌŗțǶʚ˦ࣱ

yȳɱʯʚࣘ � �^� �ࣖ
eɄŗțࣘ tɾ � ʠȩǮˉƣɮɾŗȑࣝ

pɄ˝ ƕɄ ˝ƨ ʌɄț˙ƨ ¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ࣞ

éƨƕʯƉƨ Ƕʚ ʚɄ 6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ࣞ

eǶ˙ƨȳ ŗȳ ¥b� �ࣗ ƉɄȳ˙ƨɼʚ Ƕʚ ʚɄ ŗȳ ƨɸʯǶ˙ŗțƨȳʚ 6b� �ࣗ ŗȳƕ ʯʌƨ ʚǫƨ
6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ �țǖɄɼǶʚǫȭࣖ

İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſțƨȭ ˝Ƕʚǫ ʚǫǶʌ ɼƨƕʯƉʚǶɄȳࣞ

ÿǫƨ ɼƨƕʯƉʚǶɄȳ ʚŗȕƨʌ
ƨ˥ɱɄȳƨȳʚǶŗț ʚǶȭƨࣛ
¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ Ƕʌ ȕȳɄ˝ȳ ʚɄ ſƨ âóâ�,Eࣽ,Ʉȭɱțƨʚƨࣖ

ࢁࢁ



¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦

�ȳ ¥b� � Ƕʌ ʌŗǶƕ ʚɄ ſƨ ʯȳǶ˙ƨɼʌŗț ǶǑ Ƕʚ ŗƉƉƨɱʚʌ ƨ˙ƨɼ˦ ʌʚɼǶȳǖࣖ ÿǫŗʚ
Ƕʌࣗ �(�) = ⌃⇤ࣗ ʚǫƨ ʌƨʚ ɄǑ ŗțț ʌʚɼǶȳǖʌࣖ
âɼɄſțƨȭ ࣯¥b� ʯȳǶ˙ƨɼʌŗțǶʚ˦ࣱ

yȳɱʯʚࣘ � �^� �ࣖ
eɄŗțࣘ tɾ � ʠȩǮˉƣɮɾŗȑࣝ

pɄ˝ ƕɄ ˝ƨ ʌɄț˙ƨ ¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ࣞ

éƨƕʯƉƨ Ƕʚ ʚɄ 6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ࣞ

eǶ˙ƨȳ ŗȳ ¥b� �ࣗ ƉɄȳ˙ƨɼʚ Ƕʚ ʚɄ ŗȳ ƨɸʯǶ˙ŗțƨȳʚ 6b� �ࣗ ŗȳƕ ʯʌƨ ʚǫƨ
6b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ �țǖɄɼǶʚǫȭࣖ

İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſțƨȭ ˝Ƕʚǫ ʚǫǶʌ ɼƨƕʯƉʚǶɄȳࣞ ÿǫƨ ɼƨƕʯƉʚǶɄȳ ʚŗȕƨʌ
ƨ˥ɱɄȳƨȳʚǶŗț ʚǶȭƨࣛ
¥b� ĎȳǶ˙ƨɼʌŗțǶʚ˦ Ƕʌ ȕȳɄ˝ȳ ʚɄ ſƨ âóâ�,Eࣽ,Ʉȭɱțƨʚƨࣖ

ࢁࢁ



âɄț˦ȳɄȭǶŗț ʚǶȭƨ ɼƨƕʯƉʚǶɄȳʌ



âɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳʌ

İƨ ʌŗ˦ ʚǫŗʚ ŗȳ ŗțǖɄɼǶʚǫȭ Ƕʌ ƣ˺ƅǮƣȩʋ ǶǑ Ƕʚ ɼʯȳʌ Ƕȳ
ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣖ

ÿɄ ̇ȳƕ ƨ˾ƉǶƨȳʚ ŗțǖɄɼǶʚǫȭʌ ǑɄɼ ɱɼɄſțƨȭʌࣗ ˝ƨ ŗɼƨ Ʉȳț˦
Ƕȳʚƨɼƨʌʚƨƕ Ƕȳ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳʌࣖ éƨƕʯƉʚǶɄȳʌ ʚǫŗʚ ʚŗȕƨ
țɄȳǖƨɼ ŗɼƨ ȳɄʚ ʯʌƨǑʯțࣖ

yǑ ˝ƨ ǫŗ˙ƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳ ǑɼɄȭ ɱɼɄſțƨȭ ĩ ʚɄ
ɱɼɄſțƨȭ Ī ࣯˝ƨ ˝ɼǶʚƨ ĩ × Īࣱࣗ ŗȳƕ ŗ ɱɄț˦ࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭ AĪ ǑɄɼ
Ī ࣗ ˝ƨ ǫŗ˙ƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣩƨ˾ƉǶƨȳʚ ŗțǖɄɼǶʚǫȭ ǑɄɼ ĩࣖ

A˕

R AĪtĩ tĪ ĸEó

¥¶

ࢅࢁ



âɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳʌ

İƨ ʌŗ˦ ʚǫŗʚ ŗȳ ŗțǖɄɼǶʚǫȭ Ƕʌ ƣ˺ƅǮƣȩʋ ǶǑ Ƕʚ ɼʯȳʌ Ƕȳ
ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣖ

ÿɄ ̇ȳƕ ƨ˾ƉǶƨȳʚ ŗțǖɄɼǶʚǫȭʌ ǑɄɼ ɱɼɄſțƨȭʌࣗ ˝ƨ ŗɼƨ Ʉȳț˦
Ƕȳʚƨɼƨʌʚƨƕ Ƕȳ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳʌࣖ éƨƕʯƉʚǶɄȳʌ ʚǫŗʚ ʚŗȕƨ
țɄȳǖƨɼ ŗɼƨ ȳɄʚ ʯʌƨǑʯțࣖ

yǑ ˝ƨ ǫŗ˙ƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳ ǑɼɄȭ ɱɼɄſțƨȭ ĩ ʚɄ
ɱɼɄſțƨȭ Ī ࣯˝ƨ ˝ɼǶʚƨ ĩ × Īࣱࣗ ŗȳƕ ŗ ɱɄț˦ࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭ AĪ ǑɄɼ
Ī ࣗ ˝ƨ ǫŗ˙ƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣩƨ˾ƉǶƨȳʚ ŗțǖɄɼǶʚǫȭ ǑɄɼ ĩࣖ

A˕

R AĪtĩ tĪ ĸEó

¥¶

ࢅࢁ



âɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳʌ

İƨ ʌŗ˦ ʚǫŗʚ ŗȳ ŗțǖɄɼǶʚǫȭ Ƕʌ ƣ˺ƅǮƣȩʋ ǶǑ Ƕʚ ɼʯȳʌ Ƕȳ
ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣖ

ÿɄ ̇ȳƕ ƨ˾ƉǶƨȳʚ ŗțǖɄɼǶʚǫȭʌ ǑɄɼ ɱɼɄſțƨȭʌࣗ ˝ƨ ŗɼƨ Ʉȳț˦
Ƕȳʚƨɼƨʌʚƨƕ Ƕȳ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳʌࣖ éƨƕʯƉʚǶɄȳʌ ʚǫŗʚ ʚŗȕƨ
țɄȳǖƨɼ ŗɼƨ ȳɄʚ ʯʌƨǑʯțࣖ

yǑ ˝ƨ ǫŗ˙ƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳ ǑɼɄȭ ɱɼɄſțƨȭ ĩ ʚɄ
ɱɼɄſțƨȭ Ī ࣯˝ƨ ˝ɼǶʚƨ ĩ × Īࣱࣗ ŗȳƕ ŗ ɱɄț˦ࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭ AĪ ǑɄɼ
Ī ࣗ ˝ƨ ǫŗ˙ƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣩƨ˾ƉǶƨȳʚ ŗțǖɄɼǶʚǫȭ ǑɄɼ ĩࣖ

A˕

R AĪtĩ tĪ ĸEó

¥¶

ࢅࢁ



âɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳʌ

İƨ ʌŗ˦ ʚǫŗʚ ŗȳ ŗțǖɄɼǶʚǫȭ Ƕʌ ƣ˺ƅǮƣȩʋ ǶǑ Ƕʚ ɼʯȳʌ Ƕȳ
ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣖ

ÿɄ ̇ȳƕ ƨ˾ƉǶƨȳʚ ŗțǖɄɼǶʚǫȭʌ ǑɄɼ ɱɼɄſțƨȭʌࣗ ˝ƨ ŗɼƨ Ʉȳț˦
Ƕȳʚƨɼƨʌʚƨƕ Ƕȳ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳʌࣖ éƨƕʯƉʚǶɄȳʌ ʚǫŗʚ ʚŗȕƨ
țɄȳǖƨɼ ŗɼƨ ȳɄʚ ʯʌƨǑʯțࣖ

yǑ ˝ƨ ǫŗ˙ƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨ ɼƨƕʯƉʚǶɄȳ ǑɼɄȭ ɱɼɄſțƨȭ ĩ ʚɄ
ɱɼɄſțƨȭ Ī ࣯˝ƨ ˝ɼǶʚƨ ĩ × Īࣱࣗ ŗȳƕ ŗ ɱɄț˦ࣽʚǶȭƨ ŗțǖɄɼǶʚǫȭ AĪ ǑɄɼ
Ī ࣗ ˝ƨ ǫŗ˙ƨ ŗ ɱɄț˦ȳɄȭǶŗțࣽʚǶȭƨࣩƨ˾ƉǶƨȳʚ ŗțǖɄɼǶʚǫȭ ǑɄɼ ĩࣖ

A˕

R AĪtĩ tĪ ĸEó

¥¶

ࢅࢁ



âɄț˦ȳɄȭǶŗțࣽʚǶȭƨ éƨƕʯƉʚǶɄȳ

� ɱɄț˦ȳɄȭǶŗț ʚǶȭƨ ɼƨƕʯƉʚǶɄȳ ǑɼɄȭ ŗ ƐƣƅǮɾǮȹȩ ɱɼɄſțƨȭ ĩ ʚɄ ŗ
ƐƣƅǮɾǮȹȩ ɱɼɄſțƨȭ Ī Ƕʌ ŗȳ ŗȑǐȹɮǮʋǣȣ A ʚǫŗʚ ǫŗʌ ʚǫƨ ǑɄțțɄ˝Ƕȳǖ
ɱɼɄɱƨɼʚǶƨʌࣘ

࣢ ǖǶ˙ƨȳ ŗȳ ǶȳʌʚŗȳƉƨ tĩ ɄǑ ĩࣗ A ɱɼɄƕʯƉƨʌ ŗȳ ǶȳʌʚŗȳƉƨ tĪ ɄǑ Ī
࣢ A ɼʯȳʌ Ƕȳ ʚǶȭƨ ɱɄț˦ȳɄȭǶŗț Ƕȳ |tĩ|ࣖ
࣢ �ȳʌ˝ƨɼ ʚɄ tĩ ĸEó () ŗȳʌ˝ƨɼ ʚɄ tĪ Ƕʌ ĸEóࣖ

�ƨȭȭŗ
tǋ ĩ × Ī ʋǣƣȩ ŗ ɤȹȑ˖ȩȹȣǮŗȑ ʋǮȣƣ ŗȑǐȹɮǮʋǣȣ ǋȹɮ Ī ǮȣɤȑǮƣɾ ŗ
ɤȹȑ˖ȩȹȣǮŗȑ ʋǮȣƣ ŗȑǐȹɮǮʋǣȣ ǋȹɮ ĩࣖ

óʯƉǫ ŗ ɼƨƕʯƉʚǶɄȳ Ƕʌ Ɖŗțțƨƕ ŗ �ŗɮɤ ɮƣƐʠƅʋǮȹȩࣖ ¡Ʉʌʚ ɼƨƕʯƉʚǶɄȳʌ
˝ƨ ˝Ƕțț ȳƨƨƕ ŗɼƨ �ŗɼɱ ɼƨƕʯƉʚǶɄȳʌࣖ�ŗɼɱ ɼƨƕʯƉʚǶɄȳʌ ŗɼƨ ʚǫƨ ʌŗȭƨ
ŗʌ ȭŗɱɱǶȳǖ ɼƨƕʯƉʚǶɄȳʌ ˝ǫƨȳ ʌɱƨƉǶŗțǶ˲ƨƕ ʚɄ ɱɄț˦ȳɄȭǶŗț ʚǶȭƨ
ǑɄɼ ʚǫƨ ɼƨƕʯƉʚǶɄȳ ʌʚƨɱࣖ

ࢉࢁ



âɄț˦ȳɄȭǶŗțࣽʚǶȭƨ éƨƕʯƉʚǶɄȳ

� ɱɄț˦ȳɄȭǶŗț ʚǶȭƨ ɼƨƕʯƉʚǶɄȳ ǑɼɄȭ ŗ ƐƣƅǮɾǮȹȩ ɱɼɄſțƨȭ ĩ ʚɄ ŗ
ƐƣƅǮɾǮȹȩ ɱɼɄſțƨȭ Ī Ƕʌ ŗȳ ŗȑǐȹɮǮʋǣȣ A ʚǫŗʚ ǫŗʌ ʚǫƨ ǑɄțțɄ˝Ƕȳǖ
ɱɼɄɱƨɼʚǶƨʌࣘ

࣢ ǖǶ˙ƨȳ ŗȳ ǶȳʌʚŗȳƉƨ tĩ ɄǑ ĩࣗ A ɱɼɄƕʯƉƨʌ ŗȳ ǶȳʌʚŗȳƉƨ tĪ ɄǑ Ī
࣢ A ɼʯȳʌ Ƕȳ ʚǶȭƨ ɱɄț˦ȳɄȭǶŗț Ƕȳ |tĩ|ࣖ
࣢ �ȳʌ˝ƨɼ ʚɄ tĩ ĸEó () ŗȳʌ˝ƨɼ ʚɄ tĪ Ƕʌ ĸEóࣖ

�ƨȭȭŗ
tǋ ĩ × Ī ʋǣƣȩ ŗ ɤȹȑ˖ȩȹȣǮŗȑ ʋǮȣƣ ŗȑǐȹɮǮʋǣȣ ǋȹɮ Ī ǮȣɤȑǮƣɾ ŗ
ɤȹȑ˖ȩȹȣǮŗȑ ʋǮȣƣ ŗȑǐȹɮǮʋǣȣ ǋȹɮ ĩࣖ

óʯƉǫ ŗ ɼƨƕʯƉʚǶɄȳ Ƕʌ Ɖŗțțƨƕ ŗ �ŗɮɤ ɮƣƐʠƅʋǮȹȩࣖ ¡Ʉʌʚ ɼƨƕʯƉʚǶɄȳʌ
˝ƨ ˝Ƕțț ȳƨƨƕ ŗɼƨ �ŗɼɱ ɼƨƕʯƉʚǶɄȳʌࣖ�ŗɼɱ ɼƨƕʯƉʚǶɄȳʌ ŗɼƨ ʚǫƨ ʌŗȭƨ
ŗʌ ȭŗɱɱǶȳǖ ɼƨƕʯƉʚǶɄȳʌ ˝ǫƨȳ ʌɱƨƉǶŗțǶ˲ƨƕ ʚɄ ɱɄț˦ȳɄȭǶŗț ʚǶȭƨ
ǑɄɼ ʚǫƨ ɼƨƕʯƉʚǶɄȳ ʌʚƨɱࣖ

ࢉࢁ



éƨ˙Ƕƨ˝ ɸʯƨʌʚǶɄȳࣘ éƨƕʯƉʚǶɄȳʌ ŗǖŗǶȳࣖࣖࣖ

�ƨʚ ĩ ŗȳƕ Ī ſƨ ʚ˝Ʉ ƕƨƉǶʌǶɄȳ ɱɼɄſțƨȭʌࣗ ʌʯƉǫ ʚǫŗʚ ĩ Ɖŗȳ ſƨ
ʌɄț˙ƨƕ Ƕȳ ɱɄț˦ȳɄȭǶŗț ʚǶȭƨࣗ ŗȳƕ ĩ × Ī ࣖ ÿǫƨȳ

࣯�ࣱ Ī Ɖŗȳ ſƨ ʌɄț˙ƨƕ Ƕȳ ɱɄț˦ȳɄȭǶŗț ʚǶȭƨࣖ
࣯$ࣱ Ī Ɖŗȳ ¥¶ÿ ſƨ ʌɄț˙ƨƕ Ƕȳ ɱɄț˦ȳɄȭǶŗț ʚǶȭƨࣖ
࣯,ࣱ yǑ Ī Ƕʌ ǫŗɼƕ ʚǫƨȳ ĩ Ƕʌ ŗțʌɄ ǫŗɼƕࣖ
࣯6ࣱ ¥Ʉȳƨ ɄǑ ʚǫƨ ŗſɄ˙ƨࣖ
࣯Eࣱ �țț ɄǑ ʚǫƨ ŗſɄ˙ƨࣖ

ࢍࢁ



$ƨ ƉŗɼƨǑʯț ŗſɄʯʚ ɼƨƕʯƉʚǶɄȳ ƕǶɼƨƉʚǶɄȳ

¥Ʉʚƨࣘ ĩ × Ī ƕɄƨʌ ȳɄʚ Ƕȭɱț˦ ʚǫŗʚ Ī × ĩ ŗȳƕ ǫƨȳƉƨ Ƕʚ Ƕʌ ˙ƨɼ˦
ǶȭɱɄɼʚŗȳʚ ʚɄ ȕȳɄ˝ ʚǫƨ bé¶¡ ŗȳƕ ÿ¶ Ƕȳ ŗ ɼƨƕʯƉʚǶɄȳࣖ

ÿɄ ɱɼɄ˙ƨ ĩ × Ī ˦Ʉʯ ȳƨƨƕ ʚɄ ʌǫɄ˝ ŗ ɼƨƕʯƉʚǶɄȳ bé¶¡ ĩ ÿ¶ Ī

ÿǫŗʚ Ƕʌࣗ ʌǫɄ˝ ʚǫŗʚ ŗȳ ŗțǖɄɼǶʚǫȭ ǑɄɼ Ī ǶȭɱțǶƨʌ ŗȳ ŗțǖɄɼǶʚǫȭ ǑɄɼ ĩࣖ

࢑ࢁ



ÿʯɼǶȳǖ ȭŗƉǫǶȳƨʌ ŗȳƕ ɼƨƕʯƉʚǶɄȳʌ



éƨŗʌɄȳǶȳǖ ŗſɄʯʚ ÿ¡ʌࣩâɼɄǖɼŗȭʌ

࣢ h�i Ƕʌ ƨȳƉɄƕǶȳǖ ɄǑ ŗ ÿ¡ �ࣖ
࣢ EɸʯǶ˙ŗțƨȳʚț˦ ʚǫǶȳȕ ɄǑ h�i ŗʌ ʚǫƨ ƉɄƕƨ ɄǑ ŗ ɱɼɄǖɼŗȭ Ƕȳ ʌɄȭƨ
ǫǶǖǫࣽțƨ˙ƨț ɱɼɄǖɼŗȭȭǶȳǖ țŗȳǖʯŗǖƨ

ÿǫɼƨƨ ɼƨțŗʚƨƕ ɱɼɄſțƨȭʌࣘ

࣢ eǶ˙ƨȳ h�i ƕɄƨʌ � ǫŗțʚ Ʉȳ ſțŗȳȕ Ƕȳɱʯʚࣞ ࣯pŗțʚǶȳǖ âɼɄſțƨȭࣱ
࣢ eǶ˙ƨȳ h�,ˍi ƕɄƨʌ � ǫŗțʚ Ʉȳ Ƕȳɱʯʚ ˍࣞ
࣢ eǶ˙ƨȳ h�,ˍi ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ ࣯ĎȳǶ˙ƨɼʌŗț �ŗȳǖʯŗǖƨࣱ

çʯƨʌʚǶɄȳࣘ 6Ʉ ŗȳ˦ ɄǑ ʚǫƨ ŗſɄ˙ƨ ɱɼɄſțƨȭʌ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭࣞ
ÿǫƨɄɼƨȭ ࣯ÿʯɼǶȳǖࣱ
�ȑȑ ʋǣƣ ʋǣɮƣƣ ɤɮȹŻȑƣȣɾ ŗɮƣ ʠȩƐƣƅǮƐŗŻȑƣࣛ �ȹ
ŗȑǐȹɮǮʋǣȣࣤɤɮȹǐɮŗȣࣤò�ࣖ

࢕ࢁ



éƨŗʌɄȳǶȳǖ ŗſɄʯʚ ÿ¡ʌࣩâɼɄǖɼŗȭʌ

࣢ h�i Ƕʌ ƨȳƉɄƕǶȳǖ ɄǑ ŗ ÿ¡ �ࣖ
࣢ EɸʯǶ˙ŗțƨȳʚț˦ ʚǫǶȳȕ ɄǑ h�i ŗʌ ʚǫƨ ƉɄƕƨ ɄǑ ŗ ɱɼɄǖɼŗȭ Ƕȳ ʌɄȭƨ
ǫǶǖǫࣽțƨ˙ƨț ɱɼɄǖɼŗȭȭǶȳǖ țŗȳǖʯŗǖƨ

ÿǫɼƨƨ ɼƨțŗʚƨƕ ɱɼɄſțƨȭʌࣘ

࣢ eǶ˙ƨȳ h�i ƕɄƨʌ � ǫŗțʚ Ʉȳ ſțŗȳȕ Ƕȳɱʯʚࣞ ࣯pŗțʚǶȳǖ âɼɄſțƨȭࣱ
࣢ eǶ˙ƨȳ h�,ˍi ƕɄƨʌ � ǫŗțʚ Ʉȳ Ƕȳɱʯʚ ˍࣞ
࣢ eǶ˙ƨȳ h�,ˍi ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ ࣯ĎȳǶ˙ƨɼʌŗț �ŗȳǖʯŗǖƨࣱ

çʯƨʌʚǶɄȳࣘ 6Ʉ ŗȳ˦ ɄǑ ʚǫƨ ŗſɄ˙ƨ ɱɼɄſțƨȭʌ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭࣞ

ÿǫƨɄɼƨȭ ࣯ÿʯɼǶȳǖࣱ
�ȑȑ ʋǣƣ ʋǣɮƣƣ ɤɮȹŻȑƣȣɾ ŗɮƣ ʠȩƐƣƅǮƐŗŻȑƣࣛ �ȹ
ŗȑǐȹɮǮʋǣȣࣤɤɮȹǐɮŗȣࣤò�ࣖ

࢕ࢁ



éƨŗʌɄȳǶȳǖ ŗſɄʯʚ ÿ¡ʌࣩâɼɄǖɼŗȭʌ

࣢ h�i Ƕʌ ƨȳƉɄƕǶȳǖ ɄǑ ŗ ÿ¡ �ࣖ
࣢ EɸʯǶ˙ŗțƨȳʚț˦ ʚǫǶȳȕ ɄǑ h�i ŗʌ ʚǫƨ ƉɄƕƨ ɄǑ ŗ ɱɼɄǖɼŗȭ Ƕȳ ʌɄȭƨ
ǫǶǖǫࣽțƨ˙ƨț ɱɼɄǖɼŗȭȭǶȳǖ țŗȳǖʯŗǖƨ

ÿǫɼƨƨ ɼƨțŗʚƨƕ ɱɼɄſțƨȭʌࣘ

࣢ eǶ˙ƨȳ h�i ƕɄƨʌ � ǫŗțʚ Ʉȳ ſțŗȳȕ Ƕȳɱʯʚࣞ ࣯pŗțʚǶȳǖ âɼɄſțƨȭࣱ
࣢ eǶ˙ƨȳ h�,ˍi ƕɄƨʌ � ǫŗțʚ Ʉȳ Ƕȳɱʯʚ ˍࣞ
࣢ eǶ˙ƨȳ h�,ˍi ƕɄƨʌ � ŗƉƉƨɱʚ ˍࣞ ࣯ĎȳǶ˙ƨɼʌŗț �ŗȳǖʯŗǖƨࣱ

çʯƨʌʚǶɄȳࣘ 6Ʉ ŗȳ˦ ɄǑ ʚǫƨ ŗſɄ˙ƨ ɱɼɄſțƨȭʌ ǫŗ˙ƨ ŗȳ ŗțǖɄɼǶʚǫȭࣞ
ÿǫƨɄɼƨȭ ࣯ÿʯɼǶȳǖࣱ
�ȑȑ ʋǣƣ ʋǣɮƣƣ ɤɮȹŻȑƣȣɾ ŗɮƣ ʠȩƐƣƅǮƐŗŻȑƣࣛ �ȹ
ŗȑǐȹɮǮʋǣȣࣤɤɮȹǐɮŗȣࣤò�ࣖ

࢕ࢁ



ĎȳƕƨƉǶƕŗſǶțǶʚ˦ éƨƕʯƉʚǶɄȳʌ

,ó ࢉࡽࡹ ŗʯʚɄ ǖɼŗƕǶȳǖ ɱɼɄſțƨȭࣘ

࣢ ʌʚʯƕƨȳʚ ŗʌʌǶǖȳȭƨȳʚࣘ ˝ɼǶʚƨ ɱɼɄǖɼŗȭ ʚɄ ɱɼǶȳʚ एpƨțțɄ İɄɼțƕऐ
࣢ ŗʯʚɄǖɼŗƕƨɼࣘ ǖǶ˙ƨȳ ʌʚʯƕƨȳʚऒʌ ƉɄƕƨ hçi ƉǫƨƉȕ ǶǑ Ƕʚ ɱɼǶȳʚʌ
एpƨțțɄ İɄɼțƕऐ ƉɄɼɼƨƉʚț˦

࢙ࢁ



ĎȳƕƨƉǶƕŗſǶțǶʚ˦ éƨƕʯƉʚǶɄȳʌ

pɄ˝ ƕɄ ˝ƨ ɼƨƕʯƉƨ ʚǫƨ ǫŗțʚǶȳǖ ɱɼɄſțƨȭ ʚɄ ʚǫƨ ŗʯʚɄǖɼŗƕǶȳǖ
ɱɼɄſțƨȭࣞࣛ İŗȳʚ ʚɄ ɱɼɄ˙ƨ >�Gh × :`�/2`

ࡱࢅ



ĎȳƕƨƉǶƕŗſǶțǶʚ˦ éƨƕʯƉʚǶɄȳʌ

pɄ˝ ƕɄ ˝ƨ ɼƨƕʯƉƨ ʚǫƨ ǫŗțʚǶȳǖ ɱɼɄſțƨȭ ʚɄ ʚǫƨ ŗʯʚɄǖɼŗƕǶȳǖ
ɱɼɄſțƨȭࣞࣛ İŗȳʚ ʚɄ ɱɼɄ˙ƨ >�Gh × :`�/2`

AY

IY
YES

NO

IX
R

AX

ࡱࢅ

can't make for

All programs

Ax HALT

A y Grader

Iy f Me print
B

Ix fear

R Add print hello
world

At end

of EMS



ĎȳƕƨƉǶƕŗſǶțǶʚ˦ éƨƕʯƉʚǶɄȳʌ

pɄ˝ ƕɄ ˝ƨ ɼƨƕʯƉƨ ʚǫƨ ǫŗțʚǶȳǖ ɱɼɄſțƨȭ ʚɄ ʚǫƨ ŗʯʚɄǖɼŗƕǶȳǖ
ɱɼɄſțƨȭࣞࣛ İŗȳʚ ʚɄ ɱɼɄ˙ƨ >�Gh × :`�/2`

ࡹࢅ



ĎȳƕƨƉǶƕŗſǶțǶʚ˦ éƨƕʯƉʚǶɄȳʌ

,ó ࢉࡽࡹ ŗʯʚɄ ǖɼŗƕǶȳǖ ɱɼɄſțƨȭࣘ

࣢ ʌʚʯƕƨȳʚ ŗʌʌǶǖȳȭƨȳʚࣘ ˝ɼǶʚƨ ɱɼɄǖɼŗȭ ʚɄ ɱɼǶȳʚ एpƨțțɄ İɄɼțƕऐ
࣢ ŗʯʚɄǖɼŗƕƨɼࣘ ǖǶ˙ƨȳ ʌʚʯƕƨȳʚऒʌ ƉɄƕƨ hçi ƉǫƨƉȕ ǶǑ Ƕʚ ɱɼǶȳʚʌ
एpƨțțɄ İɄɼțƕऐ ƉɄɼɼƨƉʚț˦

yȭɱɄʌʌǶſțƨࣛ İǫ˦ࣞ éƨƕʯƉƨ pŗțʚǶȳǖ ɱɼɄſțƨȭ ʚɄ ,óࢉࡽࡹ
ŗʯʚɄǖɼŗƕǶȳǖ

eǶ˙ƨȳ ŗɼſǶʚɼŗɼ˦ ɱɼɄǖɼŗȭ h�i ɼƨƕʯƉʚǶɄȳ ǖƨȳƨɼŗʚƨʌ ɱɼɄǖɼŗȭ hç�i
ʌʯƉǫ ʚǫŗʚ ç ɱɼǶȳʚʌ एpƨțțɄ İɄɼțƕऐ Ƕ˽ � ǫŗțʚʌ

࣢ éƨƕʯƉʚǶɄȳ Ƕʌ țǶȳƨŗɼ ʚǶȭƨ ŗțǖɄɼǶʚǫȭࣖ �ʯʌʚ ƉɄɱǶƨʌ ƉɄƕƨ ɄǑ �
ʚɄ Ɖɼƨŗʚƨ ƉɄƕƨ ǑɄɼ ç� ˝Ƕʚǫ ŗƕƕǶʚǶɄȳŗț ƉɄʯɱțƨ ɄǑ țǶȳƨʌ

࣢ ¡ŗǶȳ ɱɄǶȳʚࣘ ŗțǖɄɼǶʚǫȭ ʌǫɄʯțƕ ˝Ʉɼȕ ƉɄɼɼƨƉʚț˦ ǑɄɼ ƣˉƣɮ˖
Ƕȳɱʯʚ ȳɄʚ ȍʯʌʚ ʌɄȭƨ ʌǶȭɱțƨ Ɖŗʌƨʌࣖ

¡Ʉɼƨ ƕƨʚŗǶțʌ ŗȳƕ ƕǶʌƉʯʌʌǶɄȳ ȳƨ˥ʚ țƨƉʚʯɼƨ
ࡽࢅ


