
gʾƆɱɈ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ȪʾɈ êƆ˺ɑ̰
ڱڲ ĊȪɩǘݱȚƆʾɩʂɱȪƷ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ȪƷ ˒ƷƆ˥˥ǘʾȪɱȇ

Ȫɱ ṷ̈́˥ǘʾȪʂʾ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ ̣Ȫ˥Ț
ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒

�ƭ˒˥ʾƆƷ˥ܩ ĊȚȪ˒ ʳƆʳǘʾ ˥ʾǘƆ˥˒ ˥Țǘ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ȪƷ ˒ƷƆ˥˥ǘʾȪɱȇ ʂʾ ʾƆǃȪƆ˥Ȫʂɱ
ʳʾʂƭɑǘɩ ȇʂ̝ǘʾɱǘǃ ƭ̰ ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ܪ Ȫܿ ǘܿܪ� ʾʂ˥v + ȪֈղF = g Ȫɱ Ӯ, F ◊ ջ = ڱ ʂɱ Әڲ,

ʾʂ˥F + Ȫֈպv = j Ȫɱ Ӯ, v ◊ ջ = ڱ ʂɱ Әڳ,
̣Țǘʾǘ ֈ � � \ (ڱ) Ɔɱǃ Ӯ � ڴ� Ȫ˒ Ɔɱ ṷ̈́˥ǘʾȪʂʾ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ ̣Ȫ˥Ț ƭʂ˺ɱǃƆʾ̰ Ә
ǃȪ̝Ȫǃǘǃ Ȫɱ˥ʂ ˥̣ʂ ǃȪ˒ɀʂȪɱ˥ ʳƆʾ˥˒ Әڲ Ɔɱǃ Әܿڳ ŀǘ ̣Ȫɑɑ ʳʾǘ˒ǘɱ˥ Ɔ ˒ʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰ ˺˒Ȫɱȇ ˥Țǘ
ȄʾƆɩụ̈́ʂʾɈ ʂȄ ʳʂɑ̰ɱʂɩȪƆɑɑ̰ ̣ǘȪȇȚ˥ǘǃ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ Ȅʂʾ ˥Țǘ ʾʂ˥Ɔ˥Ȫʂɱ Ɔɱǃ ǃȪ̝ǘʾȇǘɱƷǘܿ
gʂʾ ˥Țǘ ʳȚ̰˒ȪƷƆɑɑ̰ Ȫɱ˥ǘʾǘ˒˥Ȫɱȇ ƷƆ˒ǘ ֈ � � \ ܪ(ڱ) ̣ǘ ̣Ȫɑɑ ˒Țʂ̣ Ɔ gʾǘǃȚʂɑɩ Ɔɑ˥ǘʾɱƆ˥Ȫ̝ǘ
˥̰ʳǘ ʾǘ˒˺ɑ˥ ˥ʂ Țʂɑǃ ˺˒Ȫɱȇ ˥Țǘ ʳʾȪɱƷȪʳɑǘ ʂȄ ɑȪɩȪ˥Ȫɱȇ Ɔƭ˒ʂʾʳ˥Ȫʂɱ Ȫɱ˥ʾʂǃ˺Ʒǘǃ ƭ̰ FȪǃ˺˒ Ȫɱ
˥Țǘ ܿ˒ڱڷںڲ ĊȚǘ ɱǘƷǘ˒˒Ɔʾ̰ Ɔ ʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘ Ɔɱǃ ʳʂɑ̰ɱʂɩȪƆɑ ǃǘƷƆ̰ ʂȄ ǘȪȇǘɱȄ˺ɱƷ˥Ȫʂɱ˒
Ȅʂʾ ˥Țǘ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ̣Ȫɑɑ ƭǘ ʂƭ˥ƆȪɱǘǃ ƭ̰ ˥ʾƆɱ˒ȄǘʾʾȪɱȇ ̣ǘɑɑݱɈɱʂ̣ɱ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ˥Țǘ
vǘɑɩȚʂɑ˥̀ ǘʹ˺Ɔ˥Ȫʂɱ ˺˒Ȫɱȇ Ɔ ˒˺Ȫ˥Ɔƭɑǘ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ ʂȄ ˥Țǘ ͘ǘɑǃ˒ F Ɔɱǃ vܿ ĊȚǘ Ʒʾ˺ƷȪƆɑ
ʳʂȪɱ˥ Ȅʂʾ ṷ̈́Ȫ˒˥ǘɱƷǘ Ȫ˒ Ɔ ɑʂƷƆɑ ̝ǘʾ˒Ȫʂɱ ʂȄ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܪ Ɔɑ˒ʂ ƷƆɑɑǘǃ ¬Ɔ̭̣ǘɑɑ
ƷʂɩʳƆƷ˥ɱǘ˒˒ ʳʾʂʳǘʾ˥̰ܿ

�ṵ̣̈́ʂʾǃ˒ܩ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ܪ ʾƆǃȪƆ˥Ȫɱȇ ˒ʂɑ˺˥Ȫʂɱ˒ܪ ṷ̈́˥ǘʾȪʂʾ ƭʂ˺ɱǃƆʾ̰ ̝Ɔɑ˺ǘʳʾʂƭɑǘɩ˒ܪ
ʳʂɑ̰ɱʂɩȪƆɑ ǃǘƷƆ ܪ̰ ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ ̣ǘȪȇȚ˥ǘǃ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ܪ vʂǃȇǘݮ
vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒

¬ý, ܩڱڲڱڳ ܪڱڷïڶڴ ܪڶڳ�ڹڸ ڱڴ�ڹڸ

ۆ �ɱ˥ʾʂǃ˺Ʒ˥Ȫʂɱ
ĊȚǘ ǘʹ˺Ɔ˥Ȫʂɱ˒ ˥ȚƆ˥ ǃǘ˒ƷʾȪƭǘ ˥Țǘ ƭǘȚƆ̝Ȫʂʾ ʂȄ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ȪƷ ̝ǘƷ˥ʂʾ ͘ǘɑǃ˒ Ȫɱ ˒ʂɩǘ
˒ʳƆƷǘݱ˥Ȫɩǘ ǃʂɩƆȪɱ � ◊ Ӯ � � ◊ ܪڴ� ͘ʾ˒˥ Ʒʂɩʳɑǘ˥ǘɑ̰ Ȅʂʾɩ˺ɑƆ˥ǘǃ ƭ̰ �ܿ ,ܿ ¬Ɔ̭̣ǘɑɑ Ȫɱ
ܪڵڷڹڲ Ɔʾǘ � ʾʂ˥v + �˥ 6 = �, ʾʂ˥F + �˥ % = ,ڱ Ȫɱ � ◊ Ӯ,

ǃȪ̝6 = տ, ǃȪ̝% = ,ڱ Ȫɱ � ◊ Ӯ,
gʾƆɱɈ À˒˥ǘʾƭʾȪɱɈܪ 6ȪʾɈ êƆ˺ɑ̰ܪ gƆɈ˺ɑ˥Ɩ˥ Ȅ̃ʾ ¬Ɔ˥ȚǘɩƆ˥ȪɈܪ ęɱȪ̝ǘʾ˒Ȫ˥Ɩ˥ 6˺Ȫ˒ƭ˺ʾȇݱF˒˒ǘɱܪ ,Ɔɩʳ˺˒ F˒˒ǘɱܪ
jǘʾɩƆɱ̰ܪ ǘݱɩƆȪɑ˒ܩ ȄʾƆɱɈܿʂ˒˥ǘʾƭʾȪɱɈࠩ˺ɱȪݱǃ˺ǘܿǃǘܪ ǃȪʾɈܿʳƆ˺ɑ̰ࠩ˺ɱȪݱǃ˺ǘܿǃǘ

Ț˥˥ʳ˒݉݉ܩ ǃʂȪܿʂʾȇ݉ڱڲڱݱڳڲڷڴڵڶڱڲڲڴڹڸں݉ڶڲڶڲܿڱڲ
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ڳڵڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

̣Țǘʾǘ Fܪ v Ɔʾǘ ˥Țǘ ǘɑǘƷ˥ʾȪƷܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ ɩƆȇɱǘ˥ȪƷ ͘ǘɑǃܪ ܪ6 % ʾǘʳʾǘ˒ǘɱ˥ ˥Țǘ ǃȪ˒ʳɑƆƷǘݱ
ɩǘɱ˥ Ʒ˺ʾʾǘɱ˥ Ɔɱǃ ɩƆȇɱǘ˥ȪƷ Ȫɱǃ˺Ʒ˥Ȫʂɱ Ɔɱǃ ܪ� տ ǃǘ˒ƷʾȪƭǘ ˥Țǘ Ʒ˺ʾʾǘɱ˥ ǃǘɱ˒Ȫ˥ ܪ̰ ʾǘ˒ʳǘƷݱ
˥Ȫ̝ǘɑ ܪ̰ ˥Țǘ ƷȚƆʾȇǘ ǃǘɱ˒Ȫ˥̰ܿ F̭Ʒɑ˺ǃȪɱȇܪ ǘܿ ȇܿܪ ȄǘʾʾʂɩƆȇɱǘ˥ȪƷܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ ȄǘʾʾʂǘɑǘƷ˥ʾȪƷ
ɩƆ˥ǘʾȪƆɑ˒ܪ ˥Țǘ ʳƆʾƆɩǘ˥ǘʾ˒ ɑȪɱɈȪɱȇ F Ɔɱǃv ̣Ȫ˥Ț6 Ɔɱǃ % Ɔʾǘ ʂȄ˥ǘɱ Ɔ˒˒˺ɩǘǃ ˥ʂ ƭǘ ʂȄ ˥Țǘ
ɑȪɱǘƆʾ Ȅʂʾɩ 6 = ղF Ɔɱǃ % = պvܪ ̣Țǘʾǘ ղ Ɔɱǃ պ Ɔʾǘ ɩƆ˥ʾȪ Ɔɑ˺ǘǃ̝ݱ̭ Ȅ˺ɱƷ˥Ȫʂɱ˒ ǃǘ˒ƷʾȪƭȪɱȇ
˥Țǘ ʳǘʾɩȪ˥˥Ȫ̝Ȫ˥̰ Ɔɱǃ ʳǘʾɩǘƆƭȪɑȪ˥̰ ʂȄ ˥Țǘ ɩǘǃȪ˺ɩ ͘ɑɑȪɱȇ Ӯܿ vǘʾǘܪ ̣ǘ Ɔʾǘ ǘ˒ʳǘƷȪƆɑɑ̰ Ȫɱݱ
˥ǘʾǘ˒˥ǘǃ Ȫɱ ˥Țǘ ƷƆ˒ǘ ʂȄ Ɔɱ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ Ӯ � ܪڴ� Ȫܿ ǘܿܪ Ɔ ƷʂɱɱǘƷ˥ǘǃ ʂʳǘɱ ˒˺ƭ˒ǘ˥ ̣Ȫ˥Ț
ƷʂɩʳƆƷ˥ Ʒʂɩʳɑǘɩǘɱ˥ܿ �ʳʳɑ̰Ȫɱȇ ˥Țǘ ǃȪ̝ǘʾȇǘɱƷǘ ˥ʂ ˥Țǘ ͘ʾ˒˥ ˥̣ʂ ǘʹ˺Ɔ˥Ȫʂɱ˒ܪ ̣ǘ ˒ǘǘ ˥ȚƆ˥
˥Țǘ ɑƆ˥˥ǘʾ ˥̣ʂ ǘʹ˺Ɔ˥Ȫʂɱ˒ Ɔʾǘ ȪɩʳɑȪƷȪ˥ɑ̰ ȪɱƷɑ˺ǃǘǃ Ȫɱ ˥Țǘ ͘ʾ˒˥ ˥̣ʂ Ɔɱǃ ɩƆ̰ ƭǘ ʂɩȪ˥˥ǘǃܿ
vǘɱƷǘܪ ɱǘȇɑǘƷ˥Ȫɱȇ ˥Țǘ ˒˥Ɔ˥ȪƷ ƷƆ˒ǘܪ ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ ʾǘǃ˺Ʒǘ ˥ʂ� ʾʂ˥v + �˥ �ղF� = g, ʾʂ˥F + �˥ �պv� = j, Ȫɱ � ◊ Ӯ,
̣Ȫ˥Ț ƆʾƭȪ˥ʾƆʾ̰ ʾȪȇȚ˥ݱȚƆɱǃ ˒Ȫǃǘ˒ gܪ jܿ �ɩʂɱȇ ˥Țǘ ̣Ȫǃǘ ʾƆɱȇǘ ʂȄ ʳȚǘɱʂɩǘɱƆ ǃǘ˒ƷʾȪƭǘǃ
ƭ̰ ˥Țǘ˒ǘ ǘʹ˺Ɔ˥Ȫʂɱ˒ ʂɱǘ Ȫɩʳʂʾ˥Ɔɱ˥ ƷƆ˒ǘ Ȫ˒ ˥Țǘ ǃȪ˒Ʒ˺˒˒Ȫʂɱ ʂȄ ނȚƆʾɩʂɱȪƷݱȪɩǘ˥ށ ǘɑǘƷ˥ʾʂݱ
ɩƆȇɱǘ˥ȪƷ ͘ǘɑǃ˒ ̣Țǘʾǘ Ɔɑɑ ͘ǘɑǃ˒ ̝Ɔʾ̰ ˒Ȫɱ˺˒ʂȪǃƆɑɑ̰ Ȫɱ ˥Ȫɩǘ ̣Ȫ˥Ț Ȅʾǘʹ˺ǘɱƷ̰ ֈ � � \ ܪ(ڱ)
Ȫܿ ǘܿܪ

F(˥, ̭) = ǘȪֈ˥F(̭), v(˥, ̭) = ǘȪֈ˥v(̭), j(˥, ̭) = ǘȪֈ˥j(̭), g(˥, ̭) = ǘȪֈ˥g(̭) .
ý˺ƭ˒˥Ȫ˥˺˥Ȫɱȇ ˥ȚȪ˒ Ɔɱ˒Ɔ˥̀ Ȫɱ˥ʂ ˥Țǘ ǘʹ˺Ɔ˥Ȫʂɱ˒ ʂʾݦ ˺˒Ȫɱȇ gʂ˺ʾȪǘʾ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ Ȫɱ ˥Ȫɩǘݧ
Ɔɱǃ Ɔ˒˒˺ɩȪɱȇ ˥ȚƆ˥ ղ Ɔɱǃ պ Ɔʾǘ ˥ȪɩǘݱȪɱǃǘʳǘɱǃǘɱ˥ ̣ǘ Ɔʾǘ ɑǘƆǃ ˥ʂ ̣ȚƆ˥ Ȫ˒ ƷƆɑɑǘǃ ݱȪɩǘ˥ށ
ȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ܩނ

ʾʂ˥F + Ȫֈպv = j, � ʾʂ˥v + ȪֈղF = g, Ȫɱ Ӯ . ݧڲܿڲݦ

ĊȚȪ˒ ˒̰˒˥ǘɩ ǘʹ˺Ȫʳʳǘǃ ̣Ȫ˥Ț ˒˺Ȫ˥Ɔƭɑǘ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ǃǘ˒ƷʾȪƭǘ˒ܪ ǘܿ ȇܿܪ ˥Țǘ ˒ƷƆ˥˥ǘʾݱ
Ȫɱȇ ʂȄ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ȪƷ ̣Ɔ̝ǘ˒ ̣ȚȪƷȚ Ȫ˒ ʂȄ ȚȪȇȚ Ȫɱ˥ǘʾǘ˒˥ Ȫɱ ɩƆɱ̰ ƆʳʳɑȪݱ
ƷƆ˥Ȫʂɱ˒ ɑȪɈǘ ȇǘʂʳȚ̰˒ȪƷ˒ܪ ɩǘǃȪƷȪɱǘܪ ǘɑǘƷ˥ʾȪƷƆɑ ǘɱȇȪɱǘǘʾȪɱȇܪ ƭȪʂɑʂḛ̑ Ɔɱǃ ɩƆɱ̰ ʂ˥Țǘʾ˒ܿ

gȪʾ˒˥ ṷ̈́Ȫ˒˥ǘɱƷǘ ʾǘ˒˺ɑ˥˒ ƷʂɱƷǘʾɱȪɱȇƭʂ˺ɱǃƆʾ̰ ̝Ɔɑ˺ǘʳʾʂƭɑǘɩ˒ Ȅʂʾ ˥Țǘ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ
¬Ɔ̭̣ǘɑɑ ˒̰˒˥ǘɩ Ȫɱ ƭʂ˺ɱǃǘǃ Ɔɱǃ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ˒ ȚƆ̝ǘ ƭǘǘɱ ȇȪ̝ǘɱ ƭ̰ ¬̃ɑɑǘʾ ܪڴڲݚ ܿݛڳڲ
vǘ ˒˥˺ǃȪǘǃ Ȫ˒ʂ˥ʾʂʳȪƷ Ɔɱǃ Țʂɩʂȇǘɱǘʂ˺˒ ɩǘǃȪƆ Ɔɱǃ ˺˒ǘǃ Ȫɱ˥ǘȇʾƆɑ ǘʹ˺Ɔ˥Ȫʂɱ ɩǘ˥Țʂǃ˒ܿ
ę˒Ȫɱȇ Ɔɑ˥ǘʾɱƆ˥Ȫɱȇ ǃȪ͍ǘʾǘɱ˥ȪƆɑ Ȅʂʾɩ˒ܪ ŀṵ̈́ɑ ݛںڳݚ Ȫɱ̝ǘ˒˥ȪȇƆ˥ǘǃ ˥Țǘ˒ǘ ǘʹ˺Ɔ˥Ȫʂɱ˒ ʂɱ ñȪǘݱ
ɩƆɱɱȪƆɱ ɩƆɱȪȄʂɑǃ˒ ʂȄ ƆʾƭȪ˥ʾƆʾ̰ ǃȪɩǘɱ˒Ȫʂɱܪ ̣ȚȪɑǘ ŀǘʾɱǘʾ ݛڹڳݚ ̣Ɔ˒ Ɔƭɑǘ ˥ʂ ˥ʾƆɱ˒Ȅǘʾ
¬̃ɑɑǘʾކ˒ ʾǘ˒˺ɑ˥˒ ˥ʂ ˥Țǘ ƷƆ˒ǘ ʂȄ ȪɱȚʂɩʂȇǘɱǘʂ˺˒ ƭ˺˥ Ȫ˒ʂ˥ʾʂʳȪƷ ɩǘǃȪƆܿ vʂ̣ǘ̝ǘ ʾܪ Ȅʂʾ ȇǘɱݱ
ǘʾƆɑ ȪɱȚʂɩʂȇǘɱǘʂ˺˒ ƆɱȪ˒ʂ˥ʾʂʳȪƷ ɩǘǃȪƆ Ɔɱǃ ƆʾƭȪ˥ʾƆʾ̰ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ˒ܪ ƭʂ˺ɱǃƆʾ̰
Ȫɱ˥ǘȇʾƆɑ ɩǘ˥Țʂǃ˒ Ɔʾǘ ɑǘ˒˒ ˺˒ǘȄ˺ɑ ˒ȪɱƷǘ ˥Țṵ̈́ ȚǘƆ̝Ȫɑ̰ ǃǘʳǘɱǃ ʂɱ ˥Țǘ ṷ̈́ʳɑȪƷȪ˥ Ɉɱʂ̣ɑǘǃȇǘ
ʂȄ ˥Țǘ Ȅ˺ɱǃƆɩǘɱ˥Ɔɑ ˒ʂɑ˺˥Ȫʂɱ Ɔɱǃ ˒˥ʾʂɱȇ Ɔ˒˒˺ɩʳ˥Ȫʂɱ˒ ʂɱ ƭʂ˺ɱǃƆʾ̰ ʾǘȇ˺ɑƆʾȪ˥̰ܿ ĊȚƆ˥ Ȫ˒
̣Ț̰ vȪɑƭǘʾ˥ ˒ʳƆƷǘ ɩǘ˥Țʂǃ˒ Ɔʾǘ Ɔ ʳʾʂɩȪ˒Ȫɱȇ Ɔɑ˥ǘʾɱƆ˥Ȫ̝ǘܿ ęɱȄʂʾ˥˺ɱƆ˥ǘɑ ܪ̰ ¬Ɔ̭̣ǘɑɑކ˒
ǘʹ˺Ɔ˥Ȫʂɱ˒ Ɔʾǘ ɱʂɱǘɑɑȪʳ˥ȪƷܪ ȚǘɱƷǘ Ȫ˥ Ȫ˒ Ȫɱ ȇǘɱǘʾƆɑ ɱʂ˥ ʳʂ˒˒Ȫƭɑǘ ˥ʂ ǘ˒˥ȪɩƆ˥ǘ Ɔɑɑ ͘ʾ˒˥
ǃǘʾȪ̝Ɔ˥Ȫ̝ǘ˒ ʂȄ Ɔ ˒ʂɑ˺˥Ȫʂɱܿ �ɱ ܪݛںݚ �ǘȪ˒ Ʒʂ˺ɑǃ ʂ̝ǘʾƷʂɩǘ ˥ȚȪ˒ ʳʾʂƭɑǘɩ ƭ̰ ˥ʾƆɱ˒ȄʂʾɩȪɱȇ
˥Țǘ ƭʂ˺ɱǃƆʾ̰ ̝Ɔɑ˺ǘ ʳʾʂƭɑǘɩ Ȅʂʾ ¬Ɔ̭̣ǘɑɑކ˒ ˒̰˒˥ǘɩ Ȫɱ˥ʂ Ɔ ƭʂ˺ɱǃƆʾ̰ ̝Ɔɑ˺ǘ ʳʾʂƭɑǘɩ Ȅʂʾ
˥Țǘ vǘɑɩȚʂɑ˥̀ ǘʹ˺Ɔ˥Ȫʂɱܪ Ɔ˒˒˺ɩȪɱȇ ˥ȚƆ˥ ˥Țǘ ɩǘǃȪ˺ɩ ͘ɑɑȪɱȇ Ӯܪ Ȫ˒ ȪɱȚʂɩʂȇǘɱǘʂ˺˒ Ɔɱǃ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڴڵڴ

ƆɱȪ˒ʂ˥ʾʂʳȪƷ ̣Ȫ˥ȚȪɱ Ɔ ƭʂ˺ɱǃǘǃ ˒˺ƭ˒ǘ˥ ʂȄ Ӯܿ ±ǘ̝ǘʾ˥Țǘɑǘ˒˒ܪ Țǘ ˒˥Ȫɑɑ ɱǘǘǃǘǃ ƭʂ˺ɱǃƆʾ̰
ʾǘȇ˺ɑƆʾȪ˥̰ ˥ʂ ȇƆȪɱ ǘʹ˺Ȫ̝ƆɑǘɱƷǘ ʂȄ ƭʂ˥Ț ʳʾʂƭɑǘɩ˒ܿ %˺˥ Ɔɑ˒ʂ Ȅʂʾ ɱʂɱ˒ɩʂʂ˥Ț ƭʂ˺ɱǃƆʾȪǘ˒
vȪɑƭǘʾ˥ ˒ʳƆƷǘ ɩǘ˥Țʂǃ˒ Ɔʾǘ ṷ̈́ʳǘǃȪǘɱ˥ܿ �ɱ ȄƆƷ˥ܪ Ɔ˒ ˒Țʂ̣ɱ ƭ̰ �ǘȪ˒ ܪݛڱڲݚ Ȫ˥ Ȫ˒ ˒˺͎ƷȪǘɱ˥
˥ȚƆ˥ Ӯ ˒Ɔ˥Ȫ˒͘ǘ˒ Ɔ Ʒǘʾ˥ƆȪɱ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܪ ɑƆ˥ǘʾ ƷƆɑɑǘǃ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ʂʾ
¬Ɔ̭̣ǘɑɑ ƷʂɩʳƆƷ˥ɱǘ˒˒ ʳʾʂʳǘʾ˥̰ܪ ̣ȚȪƷȚ Țʂɑǃ˒ Ȅʂʾ Ɔ ƷɑƆ˒˒ ʂȄ ƭʂ˺ɱǃƆʾȪǘ˒ ɩ˺ƷȚ ɑƆʾȇǘʾ
˥ȚƆɱ ˥Țʂ˒ǘ ƆƷƷǘ˒˒Ȫƭɑǘ ƭ̰ ˥Țǘ ǃǘ˥ʂ˺ʾ ʂ̝ǘʾ vڲ ƷȄܿݦ ŀǘƷɈ ܪݛڵڳݚ ,ʂ˒˥Ɔƭǘɑ ݛڳݚ Ɔɱǃ êȪƷƆʾǃܪ
ŀǘƷɈܪŀȪ˥˒ƷȚ ܿݧݛڱڳݚ ýǘǘ ݛڲڲݚ Ȅʂʾ Ɔ ǃǘ˥ƆȪɑǘǃɩʂɱʂȇʾƆʳȚ Ɔɱǃ ݛڲݚ Ȅʂʾ ˥Țǘɩʂ˒˥ ʾǘƷǘɱ˥ ʾǘ˒˺ɑ˥
Ɔɱǃ Ɔɱ ʂ̝ǘʾ̝Ȫǘ ̣ܿ ĊȚǘ ɩʂ˒˥ ʾǘƷǘɱ˥ ʾǘ˒˺ɑ˥ ʾǘȇƆʾǃȪɱȇ Ɔ ˒ʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰ Ȫ˒ ǃ˺ǘ ˥ʂ êƆ˺ɑ̰
ݛڷڲݚ ǘǘ˒ݦ Ɔɑ˒ʂ ݧݛڵڲݚ Ɔɱǃ Ȫɱ Ȫ˥˒ ˒˥ʾ˺Ʒ˥˺ʾǘ ƷʂɩʳƆʾƆƭɑǘ ˥ʂ ˥Țǘ ʾǘ˒˺ɑ˥˒ ʂȄ êȪƷƆʾǃ ݛڹڲݚ Ɔɱǃ
êȪƷƆʾǃܪ ŀǘƷɈ Ɔɱǃ ŀȪ˥˒ƷȚ ܿݛڱڳݚ ŀȚȪɑǘ Ɔɑɑ ˥Țǘ˒ǘ ʾǘ˒˺ɑ˥˒ Ɔƭʂ̝ǘ ȚƆ̝ǘ ƭǘǘɱ ʂƭ˥ƆȪɱǘǃ Ȅʂʾ
Ȅ˺ɑɑ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ Ȫɱ ˥Țǘ ʳʾǘ˒ǘɱ˥ ʳƆʳǘʾ ̣ǘ ˒˥˺ǃ̰ ˥Țǘ ƷƆ˒ǘ ʂȄ ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰
ƷʂɱǃȪ˥Ȫʂɱ˒ܿ ¬ʂʾǘ ʳʾǘƷȪ˒ǘɑ ܪ̰ ̣ǘ Ɔʾǘ Ȫɱ˥ǘʾǘ˒˥ǘǃ Ȫɱ ˒ʂɑ̝Ȫɱȇ ˥Țǘ ˒̰˒˥ǘɩ ݧڲܿڲݦ Ȅʂʾ ֈ � � \ (ڱ)
Ȫɱ Ɔɱ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ Ӯ � ܪڴ� ̣Țǘʾǘ ̣ǘ Ɔ˒˒˺ɩǘ ˥ȚƆ˥ Ә := �Ӯ Ȫ˒ ǃǘƷʂɩʳʂ˒ǘǃ Ȫɱ˥ʂ ˥̣ʂ
ʾǘɑƆ˥Ȫ̝ǘɑ̰ ʂʳǘɱ ˒˺ƭ˒ǘ˥˒ Әڲ Ɔɱǃ Ȫ˥˒ Ʒʂɩʳɑǘɩǘɱ˥ Әڳ := Ә \ Әڲ Ɔɱǃ Ȫɩʳʂ˒ǘ Țʂɩʂȇǘɱǘʂ˺˒
ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ ̣ȚȪƷȚ Ȫɱ ƷɑƆ˒˒ȪƷƆɑ ˥ǘʾɩ˒ ƷƆɱ ƭǘ ̣ʾȪ˥˥ǘɱ Ɔ˒

ջ ◊ F = ڱ ʂɱ Әڲ, ջ ◊ v = ڱ ʂɱ Әڳ, (ջ : ʂ˺˥̣Ɔʾǃ ˺ɱȪ˥ ɱʂʾɩƆɑ). ݧڳܿڲݦ

,ʂɱ̝ǘɱȪǘɱ˥ɑ ܪ̰ ̣ǘ ƷƆɱ Ɔʳʳɑ̰ ˥Țǘ ˒Ɔɩǘ ɩǘ˥Țʂǃ˒ Ɔ˒ Ȫɱ ݛڶڲݚ ǘǘ˒ݦ Ɔɑ˒ʂ êȪƷƆʾǃܪ ŀǘƷɈ Ɔɱǃ
ŀȪ˥˒ƷȚ ܪݛڱڳݚ ŀǘƷɈ Ɔɱǃ ŀȪ˥˒ƷȚ ܪڸڳݚ ݧݛڶڳ ˥ʂ Ʒʂɱ˒˥ʾ˺Ʒ˥ Ɔ ˒ʂɑ˺˥Ȫʂɱܿ �ɱǃǘǘǃܪ ɩʂ˒˥ ʂȄ ˥Țǘ
ʳʾʂʂȄ˒ ƷƆʾʾ̰ ʂ̝ǘʾ ʳʾƆƷ˥ȪƷƆɑɑ̰ ̝ǘʾƭƆ˥Ȫɩܿ gʂʾ ֈ � � \ ܪ� ˥Țǘ ˒ʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰ Ȫ˒ ʂƭ˥ƆȪɱǘǃ
ƭ̰ ˒˥ƆɱǃƆʾǃvȪɑƭǘʾ˥ ˒ʳƆƷǘɩǘ˥Țʂǃ˒ Ɔ˒ֈ ƭǘɑʂɱȇ˒ ˥ʂ ˥Țǘ ʾǘ˒ʂɑ̝ǘɱ˥ ˒ǘ˥ ʂȄ ˥Țǘ¬Ɔ̭̣ǘɑɑ ʂʳݱ
ǘʾƆ˥ʂ ܿʾ �ɱ ˥Țǘ ƷƆ˒ǘ ʂȄ ֈ � � \ ܪ(ڱ) Ȫܿ ǘܿܪ ֈ Ȫ˒ Ȫɱ ˥Țǘ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ˒ʳǘƷ˥ʾ˺ɩ ʂȄ ˥Țǘ ¬Ɔ̭̣ǘɑɑ
ʂʳǘʾƆ˥ʂ ʾܪ ̣ǘ ˺˒ǘ ˥Țǘ ɑȪɩȪ˥Ȫɱȇ Ɔƭ˒ʂʾʳ˥Ȫʂɱ ʳʾȪɱƷȪʳɑǘ Ȫɱ˥ʾʂǃ˺Ʒǘǃ ƭ̰ FȪǃ˺˒ ݛڵݚ Ɔɱǃ Ɔʳʳʾʂ ݱ̭
ȪɩƆ˥ǘ ˒ʂɑ˺˥Ȫʂɱ˒ ˥ʂֈ � �\ (ڱ) ƭ̰ ˒ʂɑ˺˥Ȫʂɱ˒ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ˥ʂֈ � �\�ܿ ĊȚȪ˒ ̣Ȫɑɑ ƭǘ ˒˺Ȅݱ
͘ƷȪǘɱ˥ ˥ʂ ˒Țʂ̣ Ɔ ȇǘɱǘʾƆɑȪ̀ǘǃ gʾǘǃȚʂɑɩ Ɔɑ˥ǘʾɱƆ˥Ȫ̝ǘ ƷȄܿݦ ʂ˺ʾ ɩƆȪɱ ʾǘ˒˺ɑ˥ܪ ĊȚǘʂʾǘɩ ݧڱڲܿڴ
˥ʂ Țʂɑǃܿ ĊȚǘ ǘ˒˒ǘɱ˥ȪƆɑ ȪɱȇʾǘǃȪǘɱ˥˒ ɱǘǘǃǘǃ Ȅʂʾ ˥Țǘ ɑȪɩȪ˥ ʳʾʂƷǘ˒˒ Ɔʾǘ
ݮ ˥Țǘ ʳʂɑ̰ɱʂɩȪƆɑ ǃǘƷƆ̰ ʂȄ ǘȪȇǘɱ˒ʂɑ˺˥Ȫʂɱ˒݈
ݮ Ɔɱ Ɔ ʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘ Ȅʂʾ ˒ʂɑ˺˥Ȫʂɱ˒ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ˥ʂ ɱʂɱʾǘƆɑ Ȅʾǘʹ˺ǘɱƷȪǘ˒݈
ݮ Ɔ vǘɑɩȚʂɑ˥̀ݱ˥̰ʳǘ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ݈
ݮ ƆɱǃŀǘƷɈކ˒ ɑʂƷƆɑ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ܪݧŀ�ýĊݦ ˥ȚƆ˥ Ȫ˒ܪ

ñӘڲ (Ӯ) � ղ−6ڲӘڳ (Ӯ) ����� ɑʂƷ(Ӯ)ڳ� Ȫ˒ ƷʂɩʳƆƷ˥ܿ

ŀȚȪɑǘ ˥Țǘ ͘ʾ˒˥ ˥̣ʂ Ɔʾǘ ʂƭ˥ƆȪɱǘǃ ƭ̰ ˥ʾƆɱ˒ȄǘʾʾȪɱȇ ̣ǘɑɑݱɈɱʂ̣ɱ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ˥Țǘ ˒ƷƆɑƆʾ
vǘɑɩȚʂɑ˥̀ ǘʹ˺Ɔ˥Ȫʂɱ ˥ʂ ˥Țǘ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ˺˒Ȫɱȇ Ɔ ˒˺Ȫ˥Ɔƭɑǘ ǃǘݱ
Ʒʂɩʳʂ˒Ȫ˥Ȫʂɱ ʂȄ ˥Țǘ ͘ǘɑǃ˒ F Ɔɱǃ vܪ �ǘɩɩƆ ܪڲܿڵ ˥Țǘ ɑƆ˒˥ ʂɱǘ Ȫ˒ Ɔɱ Ɔ˒˒˺ɩʳ˥Ȫʂɱ ʂɱ ˥Țǘ
ʹ˺ƆɑȪ˥̰ ʂȄ ˥Țǘ ƭʂ˺ɱǃƆʾ̰ܿ �˒ ̣ǘ ̣Ȫɑɑ ˒ǘǘܪ ŀ�ýĊ Ȫ˒ Ɔɱ ȪɩɩǘǃȪƆ˥ǘ Ʒʂɱ˒ǘʹ˺ǘɱƷǘ ʂȄŀǘƷɈކ˒
˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ܪݧŀýĊݦ Ȫܿ ǘܿܪ

ñӘڲ (ӝ) � ղ−6ڲӘڳ (ӝ) ����� (ӝ)ڳ� Ȫ˒ ƷʂɩʳƆƷ˥ܪ
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ڵڵڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

̣ȚȪƷȚ Țʂɑǃ˒ Ȫɱ ƭʂ˺ɱǃǘǃ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ ӝ � ܪڴ� ƭ˺˥ ȄƆȪɑ˒ Ȫɱ ˺ɱƭʂ˺ɱǃǘǃ ˒˺ƷȚ
Ɔ˒ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ˒ ƷȄܿݦ %Ɔ˺ǘ ʾܪ êƆ˺ɑ ܪ̰ ýƷȚʂɩƭ˺ʾȇ ݛڲݚ Ɔɱǃ ˥Țǘ ʾǘȄǘʾǘɱƷǘ˒ ˥ȚǘʾǘȪɱܿݧ gʂʾ
˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ݱǃʂɩƆȪɱ˒ܪ ˒ǘǘ �ʂƷȚɩƆɱɱ ݛڸݚ Ɔɱǃ gǘʾɱƆɱǃǘ˒ܪ jȪɑƆʾǃȪ˒ ܿݛڶݚ

ۇ êʾǘɑȪɩȪɱƆʾȪǘ˒ Ɔɱǃ ɱʂ˥Ɔ˥Ȫʂɱ
�ǘ˥ ܪ�ܪ� � Ɔɱǃ � ƭǘ ˥Țǘ ˺˒˺Ɔɑ ˒ǘ˥˒ ʂȄ Ȫɱ˥ǘȇǘʾ˒ܪ ɱƆ˥˺ʾƆɑܪ ʾǘƆɑ Ɔɱǃ Ʒʂɩʳɑṷ̈́ ɱ˺ɩƭǘʾ˒ܪ
ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ܿ g˺ʾ˥Țǘʾɩʂʾǘܪ ɑǘ˥ Ȫ ƭǘ ˥Țǘ ȪɩƆȇȪɱƆʾ̰ ˺ɱȪ˥ܪ ñǘ ܪ̀ �ɩ ̀ Ɔɱǃ ̀ ʾǘƆɑ ʳƆʾ˥ܪ ȪɩƆȇݱ
ȪɱƆʾ̰ ʳƆʾ˥ Ɔɱǃ Ʒʂɩʳɑṷ̈́ Ʒʂɱɀ˺ȇƆ˥ǘ ʂȄ ̀ � ܪ� Ɔ˒ ̣ǘɑɑ Ɔ˒�+ := {˒ � � | ˒ > ,{ڱ �+ := {̀ � � | �ɩ ̀ � ,{ڱ � := ɩڳ)� + ڳ/(ڲ ����ɩ � � \ �(ڱ) .
gʂʾ ̭ � �ɱ ̣Ȫ˥Ț ̭ �= ڱ ̣ǘ ˒ǘ˥ ʾ(̭) := |̭| Ɔɱǃ ռ (̭) := ̭/|̭| |ݦ � | F˺ƷɑȪǃǘƆɱܩ ɱʂʾɩ Ȫɱ �ɱܿݧ
¬ʂʾǘʂ̝ǘ ʾܪ ę( �ʾ)ܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ %( �ʾ) ȪɱǃȪƷƆ˥ǘ ˥Țǘ ʂʳǘɱܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ Ʒɑʂ˒ǘǃ ƭƆɑɑ ʂȄ ʾƆǃȪ˺˒�ʾ Ȫɱ �ɱ Ʒǘɱ˥ǘʾǘǃ Ȫɱ ˥Țǘ ʂʾȪȇȪɱ Ɔɱǃ ̣ǘ ǃǘ͘ɱǘ

ý( �ʾ) := %( �ʾ) \ ę( �ʾ), qę( �ʾ) := ڴ� \ %( �ʾ), j( �ʾ, �ʾ) := qę( �ʾ) � ę( �ʾ)
̣Ȫ˥Ț �ʾ > �ʾܿ �Ȅ Ȅ : ň �� ŋ Ȫ˒ Ɔ Ȅ˺ɱƷ˥Ȫʂɱ ɩƆʳʳȪɱȇ ň ˥ʂ ŋ ˥Țǘ ʾǘ˒˥ʾȪƷ˥Ȫʂɱ ʂȄ Ȅ ˥ʂ Ɔ ˒˺ƭ˒ǘ˥
ę � ň ̣Ȫɑɑ ƭǘ ɩƆʾɈǘǃ ̣Ȫ˥Ț Ȅ |ę Ɔɱǃ D(Ȅ ܪ( N (Ȅ ܪ( R(Ȅ ܪ( Ɔɱǃ ˒˺ʳʳ Ȅ ǃǘɱʂ˥ǘ ǃʂɩƆȪɱ ʂȄ
ǃǘ͘ɱȪ˥Ȫʂɱܪ Ɉǘʾɱǘɑܪ ʾƆɱȇǘܪ Ɔɱǃ ˒˺ʳʳʂʾ˥ ʂȄ Ȅ ܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ܿ gʂʾ %ƆɱƆƷȚ ʂʾ vȪɑƭǘʾ˥ ˒ʳƆƷǘ˒
ň Ɔɱǃ ŋ ̣ǘ ǃǘɱʂ˥ǘ ƭ̰ �(ň, ŋ) Ɔɱǃ %(ň, ŋ) ˥Țǘ ˒ǘ˥˒ ʂȄ ɑȪɱǘƆʾ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ ƭʂ˺ɱǃǘǃ ɑȪɱǘƆʾ
ʂʳǘʾƆ˥ʂʾ˒ ɩƆʳʳȪɱȇ ň ˥ʂ ŋܿ gʂʾ ňܪ ŋ ˒˺ƭ˒ʳƆƷǘ˒ ʂȄ Ɔ ɱʂʾɩǘǃ ̝ǘƷ˥ʂʾ ˒ʳƆƷǘ ĺܪ ň+ŋܪ ň�ŋܪ
Ɔɱǃ ň�ŋ ȪɱǃȪƷƆ˥ǘ ˥Țǘ ˒˺ɩܪ ˥Țǘ ǃȪʾǘƷ˥ ˒˺ɩܪ Ɔɱǃ ˥Țǘ ʂʾ˥ȚʂȇʂɱƆɑ ˒˺ɩ ʂȄ ň Ɔɱǃ ŋܪ ̣Țǘʾǘ
Ȫɱ ˥Țǘ ɑƆ˒˥ ƷƆ˒ǘ ̣ǘ ʳʾǘ˒˺ɩǘ ˥Țǘ ṷ̈́Ȫ˒˥ǘɱƷǘ ʂȄ Ɔ ˒ƷƆɑƆʾ ʳʾʂǃ˺Ʒ˥ � � , � �ĺ ʂɱ ĺܿ ¬ʂʾǘʂ̝ǘ ʾܪ� � , � �ň×ŋܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ � � �ň×ŋ ǃǘɱʂ˥ǘ ˥Țǘ ɱƆ˥˺ʾƆɑ ˒ƷƆɑƆʾ ʳʾʂǃ˺Ʒ˥ ʾǘ˒ʳܿ Ȫɱǃ˺Ʒǘǃ ɱʂʾɩ
ʂɱ ň ◊ ŋܿ �Ȅ ň = ŋܪ ̣ǘ ʂȄ˥ǘɱ ˒Ȫɩʳɑ̰ ˺˒ǘ ˥Țǘ Ȫɱǃṷ̈́ ň Ȫɱ˒˥ǘƆǃ ʂȄ ň ◊ ňܿ
ۆܿۇ jǘɱǘʾƆɑ Ɔ˒˒˺ɩʳ˥Ȫʂɱ˒ Ɔɱǃ ̣ǘȪȇȚ˥ǘǃ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒
ęɱɑǘ˒˒ ˒˥Ɔ˥ǘǃ ʂ˥Țǘʾ̣Ȫ˒ǘܪ Ȅʾʂɩ ɱʂ̣ ʂɱ Ɔɱǃ ˥Țʾʂ˺ȇȚʂ˺˥ ˥ȚȪ˒ ʳƆʳǘ ʾܪ Ȫ˥ Ȫ˒ Ɔ˒˒˺ɩǘǃ ˥ȚƆ˥
Ӯ � ڴ� Ȫ˒ Ɔɱ ṷ̈́˥ǘʾȪʂʾ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ̣Ȫ˥Ț̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ Ȫɱ˥ǘʾȄƆƷǘ Ȫɱ ˥Țǘ ˒ǘɱ˒ǘ
ʂȄ ܪڲݚ 6ǘ͘ɱȪ˥Ȫʂɱ ܪڴܿڳ 6ǘ͘ɱȪ˥Ȫʂɱ ܪݛڶܿڳ ̣ȚȪƷȚ Ȫɱ ʳʾȪɱƷȪʳɑǘɩǘƆɱ˒ ˥ȚƆ˥ Ә = �Ӯ Ȫ˒ Ɔ �Ȫʳ˒ƷȚȪ˥̀ݱ
ɩƆɱȪȄʂɑǃ Ɔɱǃ Әڲ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ Әڳ Ɔʾǘ �Ȫʳ˒ƷȚȪ˥̀ݱ˒˺ƭɩƆɱȪȄʂɑǃ˒ ʂȄ Әܿ gʂʾ ɑƆ˥ǘʾ ʳ˺ʾʳʂ˒ǘ˒ܪ ̣ǘ
̭͘ ʾڱ > ڱ ˒˺ƷȚ ˥ȚƆ˥ ڴ� \ Ӯ � ę(ʾڱ) Ɔɱǃ ǃǘ͘ɱǘ Ȅʂʾ ƆʾƭȪ˥ʾƆʾ̰ �ʾ � ʾܪڱ

Ӯ( �ʾ) := Ӯ � ę( �ʾ) .
ŀȪ˥Ț ʾɈ := ܪڱɈʾڳ Ɉ � � Ɔɱǃ �մ � ,∞(�) ˒˺ƷȚ ˥ȚƆ˥

ڱ � �մ � ,ڲ ˒˺ʳʳ �մ � (��, ڳ � ձ), �մ|(−∞,ڲ+ձ) = ,ڲ ݧڲܿڳݦ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڶڵڴ

Ȅʂʾ ˒ʂɩǘ ڱ < ձ < ܪڲ ̣ǘ ǃǘ͘ɱǘ Ȅ˺ɱƷ˥Ȫʂɱ˒ մ, �մ, մɈ , �մɈ � (ڴ�)∞, ƭ̰
մ(̭) := մ̃(ʾ(̭)/ʾڱ) , �մ(̭) := ڲ − մ(̭) , մɈ(̭) := մ̃�ʾ(̭)/ʾɈ� , ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ �մɈ(̭) := ڲ − մɈ(̭) ,

ɩǘƆɱȪɱȇ
˒˺ʳʳ մ ⊂ %(ʾڲ) ̣Ȫ˥Ț մ = ڲ ʂɱ ę(ʾڱ) , ˒˺ʳʳ մɈ ⊂ ę(ʾɈ+ڲ) ̣Ȫ˥Ț մɈ = ڲ ʂɱ ę(ʾɈ) ,

ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰
˒˺ʳʳ �մ ⊂ qę(ʾڱ) ̣Ȫ˥Ț �մ = ڲ ʂɱ qę(ʾڲ) , ˒˺ʳʳ �մɈ ⊂ qę(ʾɈ) ̣Ȫ˥Ț �մɈ = ڲ ʂɱ qę(ʾɈ+ڲ) .
ĊȚǘ˒ǘ Ȅ˺ɱƷ˥Ȫʂɱ˒ ̣Ȫɑɑ ɑƆ˥ǘʾ ƭǘ ˺˥ȪɑȪ̀ǘǃ Ȅʂʾ ʳƆʾ˥ȪƷ˺ɑƆʾ Ʒ˺˥ݱʂ͍ ʳʾʂƷǘǃ˺ʾǘ˒ܿ

±ṷ̈́˥ܪ ̣ǘ Ȫɱ˥ʾʂǃ˺Ʒǘ ʂ˺ʾ ɱʂ˥Ɔ˥Ȫʂɱ Ȅʂʾ �ǘƭǘ˒ȇ˺ǘ Ɔɱǃ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ ɱǘǘǃǘǃ Ȫɱ ˥Țǘ
Ȅʂɑɑʂ̣Ȫɱȇ ǃȪ˒Ʒ˺˒˒Ȫʂɱܿ ±ʂ˥ǘ ˥ȚƆ˥ ̣ǘ ̣Ȫɑɑ ɱʂ˥ ȪɱǃȪƷƆ˥ǘ ̣Țǘ˥Țǘʾ ˥Țǘ ǘɑǘɩǘɱ˥˒ ʂȄ ˥Țǘ˒ǘ
˒ʳƆƷǘ˒ Ɔʾǘ ˒ƷƆɑƆʾ Ȅ˺ɱƷ˥Ȫʂɱ˒ ʂʾ ̝ǘƷ˥ʂʾ ͘ǘɑǃ˒ܿ ĊȚȪ˒ ̣Ȫɑɑ ƭǘ Ɔɑ̣Ɔ̰˒ ƷɑǘƆʾ Ȅʾʂɩ ˥Țǘ Ʒʂɱ˥ṷ̈́˥ܿ
ĊȚǘ ṷ̈́Ɔɩʳɑǘڲ

F := � ɑɱ(ʾ) � vڲɑʂƷ(qę(ڲ)), ʾʂ˥F = ڱ � ,((ڲ)qę)ڳ�
ջ ◊ F|ý(ڲ) = ,ڱ ǃȪ̝F = ʾ−ڳ � ((ڲ)qę)ڳ�

˒Țʂ̣˒ ˥ȚƆ˥ Ɔ ˒˥ƆɱǃƆʾǃ ǘ˥˥Ȫɱȇ˒ݱڳ� Ȫ˒ ɱʂ˥ ƆʳʳʾʂʳʾȪƆ˥ǘ Ȅʂʾ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ˒ܿ F̝ǘɱ Ȅʂʾ
˒ʹ˺ƆʾǘݱȪɱ˥ǘȇʾƆƭɑǘ ʾȪȇȚ˥ݱȚƆɱǃ ˒Ȫǃǘ˒ܪ ̣ǘ ƷƆɱɱʂ˥ ṷ̈́ʳǘƷ˥ ˥ʂ ͘ɱǃ ˒ʹ˺ƆʾǘݱȪɱ˥ǘȇʾƆƭɑǘ ˒ʂɑ˺ݱ
˥Ȫʂɱ˒ܿ �ɱǃǘǘǃܪ Ȫ˥ ˥˺ʾɱ˒ ʂ˺˥ ˥ȚƆ˥ ̣ǘ ȚƆ̝ǘ ˥ʂ ̣ʂʾɈ Ȫɱ ̣ǘȪȇȚ˥ǘǃ �ǘƭǘ˒ȇ˺ǘ Ɔɱǃ ýʂƭʂɑǘ̝
˒ʳƆƷǘ˒ ˥ʂ ǃǘ̝ǘɑʂʳ Ɔ ˒ʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰ܿ ŀȪ˥Ț տ := ڲ) + ʾܪڳ/ڲ(ڳ ̣ǘ Ȫɱ˥ʾʂǃ˺Ʒǘ Ȅʂʾ Ɔɱ ƆʾƭȪ˥ʾƆʾ̰
ǃʂɩƆȪɱ Ӯ � ܪڴ� ˥ � ܪ� Ɔɱǃɩ � �

˥ڳ� (Ӯ) := �̣ � ɑʂƷ(Ӯ)ڳ� ���� տ˥̣ � ,�(Ӯ)ڳ�
vɩ˥ (Ӯ) := �̣ � ˥ڳ� (Ӯ) ����� |խ| � ɩ : �խ ̣ � ˥ڳ� (Ӯ)�,
vɩ˥ (Ӯ) := �̣ � ˥ڳ� (Ӯ) ����� |խ| � ɩ : �խ ̣ � ,�խ|(Ӯ)|+˥ڳ�

ñ˥(Ӯ) := �F � ˥ڳ� (Ӯ) ���� ʾʂ˥F � ˥ڳ� (Ӯ)�, ñ˥(Ӯ) := �F � ˥ڳ� (Ӯ) ���� ʾʂ˥F � ,�(Ӯ)ڲ+˥ڳ�
6˥(Ӯ) := �v � ˥ڳ� (Ӯ) ���� ǃȪ̝v � ˥ڳ� (Ӯ)�, 6˥(Ӯ) := �v � ˥ڳ� (Ӯ) ���� ǃȪ̝v � ,�(Ӯ)ڲ+˥ڳ�

̣Țǘʾǘ խ = (խڲ, խڳ, խڴ) � ڴ� Ȫ˒ Ɔ ɩ˺ɑ˥ȪݱȪɱǃṷ̈́ Ɔɱǃ �խ ̣ := �խڲڲ �խڳڳ �խڴڴ ܪ̣ ʾʂ˥Fܪ Ɔɱǃ ǃȪ̝v
Ɔʾǘ ˥Țǘ ˺˒˺Ɔɑ ǃȪ˒˥ʾȪƭ˺˥ȪʂɱƆɑ ʂʾ ̣ǘƆɈ ǃǘʾȪ̝Ɔ˥Ȫ̝ǘ˒ܿ Fʹ˺Ȫʳʳǘǃ ̣Ȫ˥Ț ˥Țǘ Ȫɱǃ˺Ʒǘǃ ɱʂʾɩ˒ڳ�ڳ�̣�ܪ˥ (Ӯ) := �����տ˥̣ڳ�ڳ�����(Ӯ) ˥vɩڳ�̣�, (Ӯ) := �|խ|≤ɩ �����խ ˥ڳ�ڳ����̣ (Ӯ) vɩڳ�̣�,

˥ (Ӯ) := �|խ|≤ɩ �����խ խ|(Ӯ)|+˥ڳ�ڳ����̣ ,
ڲ �ɑ˥Țʂ˺ȇȚ ˥Țǘ ʾȪȇȚ˥ݱȚƆɱǃ ˒Ȫǃǘ˒ ڱ Ɔɱǃ ʾ−ڳ Ɔʾǘ ܪ˒Ȅ˺ɱƷ˥Ȫʂɱݱ((ڲ)qę)ڳ� ̣ǘ ȚƆ̝ǘ F = ռ/ʾ ∉ ܪ((ڲ)qę)ڳ� ƭ˺˥
F ∈ ܿ((ڲ)qę)ڲ−ڳ�
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ڷڵڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

�Fڳ�ñ˥(Ӯ) := �Fڳ�ڳ�˥ (Ӯ) + �ʾʂ˥Fڳ�ڳ�˥ (Ӯ) , �Fڳ�ñ˥(Ӯ) := �Fڳ�ڳ�˥ (Ӯ) + �ʾʂ˥Fڲ+˥ڳ�ڳ�(Ӯ) ,�v6ڳ�˥(Ӯ) := �vڳ�ڳ�˥ (Ӯ) + �ǃȪ̝vڳ�ڳ�˥ (Ӯ) , �v6ڳ�˥(Ӯ) := �vڳ�ڳ�˥ (Ӯ) + �ǃȪ̝vڲ+˥ڳ�ڳ�(Ӯ) ,
˥Țṵ̈́ ƭǘƷʂɩǘvȪɑƭǘʾ˥ ˒ʳƆƷǘ˒ܿ �˒ ˺˒˺Ɔɑܪ ˥Țǘ ˒˺ƭ˒ƷʾȪʳ˥ ނɑʂƷށ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ ނʂ̭̝ށ ȪɱǃȪƷƆ˥ǘ˒
ɑʂƷƆɑ ˒ʹ˺ƆʾǘݱȪɱ˥ǘȇʾƆƭȪɑȪ˥̰ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ ƭʂ˺ɱǃǘǃ ˒˺ʳʳʂʾ˥ܿ êɑǘƆ˒ǘ ɱʂ˥ǘܪ ˥ȚƆ˥ ˥Țǘ ƭʂɑǃ
˒ʳƆƷǘ˒ ̣Ȫ˥Ț ̣ǘȪȇȚ˥ ˥ = ڱ Ʒʂʾʾǘ˒ʳʂɱǃ ˥ʂ ˥Țǘ ƷɑƆ˒˒ȪƷƆɑ �ǘƭǘ˒ʹ˺ǘ Ɔɱǃ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒
Ɔɱǃ Ȅʂʾ ƭʂ˺ɱǃǘǃ ǃʂɩƆȪɱ˒ ނɱʂɱ̣ǘȪȇȚ˥ǘǃށ Ɔɱǃ ̣ǘȪȇȚ˥ǘǃ ˒ʳƆƷǘ˒ ǘ̝ǘɱ ƷʂȪɱƷȪǃǘܩ

Ӯ � ڴ� ƭʂ˺ɱǃǘǃ �� � ˥ � � : �������
vڲ˥ (Ӯ) = vڲ˥ (Ӯ) = vڱڲ(Ӯ) = vڲ(Ӯ)
ñ˥(Ӯ) = ñ˥(Ӯ) = ñڱ(Ӯ) = v(ʾʂ˥,Ӯ)
6˥(Ӯ) = 6˥(Ӯ) = (Ӯ)ڱ6 = v(ǃȪ̝,Ӯ)

%ǘ˒Ȫǃǘ˒ ˥Țǘ ˺˒˺Ɔɑ ˒ǘ˥ �,∞(Ӯ) ʂȄ ˥ǘ˒˥ ͘ǘɑǃ˒ ܪʾǘ˒ʳܿݦ ˥ǘ˒˥ Ȅ˺ɱƷ˥Ȫʂɱ˒ܪݧ ̣ǘ Ȫɱ˥ʾʂǃ˺Ʒǘ
,∞ӘȪ (Ӯ) := � ք|Ӯ ����ք � (ڴ�)∞,� Ɔɱǃ ǃȪ˒˥(˒˺ʳʳք, ӘȪ) > ڱ � , Ȫ = ,ڲ ڳ

˥ʂ Ȅʂʾɩ˺ɑƆ˥ǘ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ Ȫɱ ˥Țǘ ̣ǘƆɈ ˒ǘɱ˒ǘܩ

vɩ˥,ӘȪ (Ӯ) := ,∞ӘȪ (Ӯ) �⋅�vɩ˥ (Ӯ) , ñ˥,ӘȪ (Ӯ) := ,∞ӘȪ (Ӯ) �⋅�ñ˥(Ӯ) , 6˥,ӘȪ (Ӯ) := ,∞ӘȪ (Ӯ) �⋅�6˥(Ӯ) , ݧڳܿڳݦ
vɩ˥,ӘȪ (Ӯ) := ,∞ӘȪ (Ӯ) �⋅�vɩ˥ (Ӯ) , ñ˥,ӘȪ (Ӯ) := ,∞ӘȪ (Ӯ) �⋅�ñ˥(Ӯ) , 6˥,ӘȪ (Ӯ) := ,∞ӘȪ (Ӯ) �⋅�6˥(Ӯ) .

ĊȚǘ˒ǘ ˒ʳƆƷǘ˒ Ȫɱǃǘǘǃ ȇǘɱǘʾƆɑȪ̀ǘ ̝ƆɱȪ˒ȚȪɱȇ ˒ƷƆɑƆ ʾܪ ˥Ɔɱȇǘɱ˥ȪƆɑ Ɔɱǃ ɱʂʾɩƆɑ 6ȪʾȪƷȚɑǘ˥
ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ǘ̝ǘɱ Ɔɱǃ Ȫɱ ʳƆʾ˥ȪƷ˺ɑƆʾ ˥ʂ ƭʂ˺ɱǃƆʾȪǘ˒ Ȅʂʾ ̣ȚȪƷȚ ˥Țǘ ɱʂ˥Ȫʂɱ ʂȄ Ɔ
ɱʂʾɩƆɑ ̝ǘƷ˥ʂʾ ɩƆ̰ ɱʂ˥ ɩƆɈǘ Ɔɱ̰ ˒ǘɱ˒ǘܿ ¬ʂʾǘʂ̝ǘ ʾܪ ڱ Ɔ˥ ˥Țǘ ɑʂ̣ǘʾ ɑǘȄ˥ Ʒʂʾɱǘʾ ǃǘɱʂ˥ǘ˒
̝ƆɱȪ˒ȚȪɱȇ ʾʂ˥Ɔ˥Ȫʂɱ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ ǃȪ̝ǘʾȇǘɱƷǘܪ ǘܿ ȇܿܪ

ñ˥(Ӯ)ڱ := �F � ñ˥(Ӯ) ���� ʾʂ˥F = �ڱ , ڲӘ,˥6ڱ (Ӯ) := �v � 6˥,Әڲ (Ӯ) ���� ǃȪ̝v = �ڱ , . . . ,
Ɔɱǃ ȪȄ ˥ = ڱ Ȫɱ Ɔɱ̰ ʂȄ ˥Țǘ ǃǘ͘ɱȪ˥Ȫʂɱ˒ ȇȪ̝ǘɱ Ɔƭʂ̝ǘܪ ̣ǘ ̣Ȫɑɑ ˒ɈȪʳ ˥Țǘ ̣ǘȪȇȚ˥ܪ ǘܿ ȇܿܪ

vɩ(Ӯ) = vɩڱ (Ӯ) , ñӘڲ (Ӯ) = ñڱ,Әڲ (Ӯ) , 6Әڲ (Ӯ) = ڲӘ,ڱ6 (Ӯ) , . . . .
gȪɱƆɑɑ̰ ̣ǘ ˒ǘ˥

ň<˒ := �˥<˒ ň˥ Ɔɱǃ ň>˒ := �˥>˒ ň˥ (˒ � �) ,
Ȅʂʾ ň˥ ƭǘȪɱȇ Ɔɱ̰ ʂȄ ˥Țǘ ˒ʳƆƷǘ˒ Ɔƭʂ̝ǘܿ �Ȅ Ӯ = ڴ� ̣ǘ ʂɩȪ˥ ˥Țǘ ˒ʳƆƷǘ ʾǘȄǘʾǘɱƷǘܪ ǘܿȇܿܪ

vɩ˥ := vɩ˥ (ڴ�) , ñ˥,Әڲ := ñ˥,Әڲ (ڴ�) , 6˥ := (ڴ�)˥6 , vɩ˥,Әڳ := vɩ˥,Әڳ (ڴ�) , . . . .
ĊȚǘ ɩƆ˥ǘʾȪƆɑ ʳƆʾƆɩǘ˥ǘʾ˒ ղ Ɔɱǃ պ Ɔʾǘ Ɔ˒˒˺ɩǘǃ ˥ʂ ƭǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ Ȫɱ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ

˒ǘɱ˒ǘܿ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڸڵڴ

6ǘ͘ɱȪ˥Ȫʂɱ ܿڲܿڳ �ǘ˥ ո � ܿڱ ŀǘ ƷƆɑɑ Ɔ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ հ ոݱƆǃɩȪ˒˒Ȫƭɑǘܪ ȪȄ
ݮ հ : Ӯ �� ڴ×ڴ� Ȫ˒ Ɔɱ ɩƆ˥ʾȪ̭ݱ∞� ͘ǘɑǃܪ
ݮ հ Ȫ˒ ˒̰ɩɩǘ˥ʾȪƷܪ Ȫܿ ǘܿܪ�F,v � (Ӯ)ڳ� : �F , հv (Ӯ)ڳ�� = � հF ,v (Ӯ)ڳ�� ,
ݮ հ Ȫ˒ ˺ɱȪȄʂʾɩɑ̰ ʳʂ˒Ȫ˥Ȫ̝ǘ ǃǘ͘ɱȪ˥ǘܪ Ȫܿ ǘܿܪ� Ʒ > ڱ �F � (Ӯ)ڳ� : �F , հF (Ӯ)ڳ�� � Ʒ � �Fڳ�ڳ�(Ӯ) ,
ݮ հ Ȫ˒ Ɔ˒̰ɩʳ˥ʂ˥ȪƷƆɑɑ̰ Ɔ ɩ˺ɑ˥Ȫʳɑǘ ʂȄ ˥Țǘ Ȫǃǘɱ˥Ȫ˥ ܪ̰ Ȫܿ ǘܿܪ

հ = հڱ � 1 + �հ ̣Ȫ˥Ț հڱ � �+ Ɔɱǃ �հ = O�ʾ−ո� Ɔ˒ ʾ ��� .
ĊȚǘɱ ղܪ պ Ɔʾǘ ʳʂȪɱ˥̣Ȫ˒ǘ Ȫɱ̝ǘʾ˥Ȫƭɑǘ Ɔɱǃ ղ−ܪڲ պ−ڲ ǃǘ͘ɱǘǃ ƭ̰

ղ−ڲ(̭) := �ղ(̭)�−ڲ Ɔɱǃ պ−ڲ(̭) := �պ(̭)�−ڲ, ̭ � Ӯ ,
Ɔʾǘ Ɔɑ˒ʂ ոݱƆǃɩȪ˒˒Ȫƭɑǘܿ ¬ʂʾǘʂ̝ǘ ʾܪ� � , � �ղ := � ղ � , � (Ӯ)ڳ�� Ɔɱǃ � � , � �պ := � պ � , � (Ӯ)ڳ��
ǃǘ͘ɱǘ ˒ƷƆɑƆʾ ʳʾʂǃ˺Ʒ˥˒ ʂɱ (Ӯ)ڳ� Ȫɱǃ˺ƷȪɱȇ ɱʂʾɩ˒ ǘʹ˺Ȫ̝Ɔɑǘɱ˥ ˥ʂ ˥Țǘ ˒˥ƆɱǃƆʾǃ ʂɱǘ˒ܿ ,ʂɱݱ
˒ǘʹ˺ǘɱ˥ɑ ܪ̰

ղ(Ӯ)ڳ� := ,(Ӯ)ڳ�� � � , � �ղ�, պ(Ӯ)ڳ� := ,(Ӯ)ڳ�� � � , � �պ�, Ɔɱǃ Ӡ(Ӯ)ڳ� := ղ(Ӯ)ڳ� ◊ պ(Ӯ)ڳ�
Ɔʾǘ vȪɑƭǘʾ˥ ˒ʳƆƷǘ˒ Ɔɱǃ ̣ǘ ǃǘɱʂ˥ǘ ƭ̰� � �ղ , � � �պ � � �Ӡ , �ղ, �պ, �Ӡ, Ɔɱǃ �ղ, �պ, �Ӡ
˥Țǘ ɱʂʾɩܪ ˥Țǘ ʂʾ˥ȚʂȇʂɱƆɑ ˒˺ɩ Ɔɱǃ ˥Țǘ ʂʾ˥ȚʂȇʂɱƆɑ Ʒʂɩʳɑǘɩǘɱ˥ Ȫɱ ˥Țǘ˒ǘ ˒ʳƆƷǘ˒ܿ gʂʾ
Ȅ˺ʾ˥Țǘʾ ˒ȪɩʳɑȪ͘ƷƆ˥Ȫʂɱ Ɔɱǃ ˥ʂ ˒Țʂʾ˥ǘɱ ɱʂ˥Ɔ˥Ȫʂɱܪ ̣ǘ Ɔɑ˒ʂ Ȫɱ˥ʾʂǃ˺Ʒǘ Ȅʂʾ ղ = ղڱ � 1 + �ղ Ɔɱǃ
պ = պڱ � 1 + �պ ʾǘƷƆɑɑȪɱȇݦ ռ (̭) = ̭/ʾ(̭)ݧ ˥Țǘ ȄʂʾɩƆɑ ɩƆ˥ʾȪ̭ ʂʳǘʾƆ˥ʂʾ˒

Ӡ := �ղ ڱ
ڱ պ� , Ӡ−ڲ := �ղ−ڲ ڱ

ڱ պ−ڲ� , �Ӡ := � �ղ ڱ
ڱ �պ� ,

Ӡ (F,v) = (ղF, պv), Ӡ−ڲ (F,v) = (ղ−ڲF, պ−ڲv), �Ӡ (F,v) = ( �ղF, �պv),
Ӡڱ := �ղڱ ڱ

ڱ պڱ
� , �Ӡڱ := �պڱ ڱ

ڱ ղڱ
� , ӣ := � ڱ �ռ◊ռ◊ ڱ � ,

Ӡڱ (F,v) = (ղڱF, պڱv), �Ӡڱ (F,v) = (պڱF, ղڱv), ӣ (F,v) = (�ռ ◊ v , ռ ◊ F),
ñʂ˥ := � ڱ � ʾʂ˥ʾʂ˥ ڱ � , ¬ := ȪӠ−ڲ ñʂ˥ = � ڱ �Ȫղ−ڲ ʾʂ˥

Ȫպ−ڲ ʾʂ˥ ڱ � ,
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ڹڵڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

ñʂ˥ (F,v) = (� ʾʂ˥v , ʾʂ˥F), ¬ (F,v) = (�Ȫղ−ڲ ʾʂ˥v , Ȫպ−ڲ ʾʂ˥F).
ŀǘ ǘɱǃ ˥ȚȪ˒ ˒ǘƷ˥Ȫʂɱ ̣Ȫ˥Ț Ɔ ɑǘɩɩƆܪ ˒Țʂ̣Ȫɱȇ ˥ȚƆ˥ ˥Țǘ ˒ʳƆƷǘ˒ ǃǘ͘ɱǘǃ Ȫɱ ݧڳܿڳݦ Ȫɱǃǘǘǃ

ȇǘɱǘʾƆɑȪ̀ǘ ̝ƆɱȪ˒ȚȪɱȇ ˒ƷƆɑƆ ʾܪ ˥Ɔɱȇǘɱ˥ȪƆɑ Ɔɱǃ ɱʂʾɩƆɑ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܿ

�ǘɩɩƆ ܿڳܿڳ gʂʾ ˥ � � Ɔɱǃ Ȫ � ,ڲ) ܪ(ڳ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ȪɱƷɑ˺˒Ȫʂɱ˒ Țʂɑǃܩ
ݧƆݦ vɩ˥,ӘȪ (Ӯ) � vɩ˥,ӘȪ (Ӯ)ܪ ñ˥,ӘȪ (Ӯ) � ñ˥,ӘȪ (Ӯ)ܪ 6˥,ӘȪ (Ӯ) � 6˥,ӘȪ (Ӯ)
ݧƭݦ �vڲ˥,ӘȪ (Ӯ) � ñ˥,ӘȪڱ (Ӯ)ܪ �vڲ˥,ӘȪ (Ӯ) � ӘȪ,ڲ+˥ñڱ (Ӯ)
ݧƷݦ ʾʂ˥ñ˥,ӘȪ (Ӯ) � ӘȪ,˥6ڱ (Ӯ)ܪ ʾʂ˥ñ˥,ӘȪ (Ӯ) � ӘȪ,ڲ+˥6ڱ (Ӯ)
�ǃǃȪ˥ȪʂɱƆɑɑ ܪ̰ ̣ǘ ȚƆ̝ǘ Ȅʂʾ Ȫ, ɀ � ,ڲ) ܪ(ڳ Ȫ �= ɀܩ
vڲ˥,ӘȪ (Ӯ) =Hڲ

˥,ӘȪ (Ӯ) := �̣ � vڲ˥ (Ӯ) ���� �ӫ � ,∞Әɀ (Ӯ) : �̣ ,ǃȪ̝ӫ (Ӯ)ڳ�� = �� �̣ ,ӫ (Ӯ)ڳ�� � ,
ñ˥,ӘȪ (Ӯ) =R˥,ӘȪ (Ӯ) := �F � ñ˥(Ӯ) ���� �ӫ � ,∞Әɀ (Ӯ) : �F , ʾʂ˥ӫ (Ӯ)ڳ�� = � ʾʂ˥F ,ӫ (Ӯ)ڳ�� � ,
6˥,ӘȪ (Ӯ) = D˥,ӘȪ (Ӯ) := �v � 6˥(Ӯ) ���� �֢ � ,∞Әɀ (Ӯ) : �v ,�֢ (Ӯ)ڳ�� = ��ǃȪ̝v ,֢ (Ӯ)ڳ�� � ,
Ɔɱǃ

vڲ˥,ӘȪ (Ӯ) = Hڲ
˥,ӘȪ (Ӯ) := �̣ � vڲ˥ (Ӯ) ���� �ӫ � ,∞Әɀ (Ӯ) : �̣ ,ǃȪ̝ӫ (Ӯ)ڳ�� = �� �̣ ,ӫ (Ӯ)ڳ�� � ,

ñ˥,ӘȪ (Ӯ) = R˥,ӘȪ (Ӯ) := �F � ñ˥(Ӯ) ���� �ӫ � ,∞Әɀ (Ӯ) : �F , ʾʂ˥ӫ (Ӯ)ڳ�� = � ʾʂ˥F ,ӫ (Ӯ)ڳ�� � ,
6˥,ӘȪ (Ӯ) = D˥,ӘȪ (Ӯ) := �v � 6˥(Ӯ) ���� �֢ � ,∞Әɀ (Ӯ) : �v ,�֢ (Ӯ)ڳ�� = ��ǃȪ̝v ,֢ (Ӯ)ڳ�� � ,
̣Țǘʾǘ ƭ̰ݦ Ʒʂɱ˥Ȫɱ˺Ȫ˥̰ ʂȄ ˥Țǘ ƷƆɑƆʾ˒ݱڳ� ʳʾʂǃ˺Ʒ˥ݧ ̣ǘ ɩƆ̰ Ɔɑ˒ʂ ʾǘʳɑƆƷǘ ,∞Әɀ (Ӯ) ƭ̰

vڲ˒,Әɀ (Ӯ) , ñ˒,Әɀ (Ӯ) , 6˒,Әɀ (Ӯ) ʾǘ˒ʳܿ vڲ˒,Әɀ (Ӯ) , ñ˒,Әɀ (Ӯ) , 6˒,Әɀ (Ӯ) ,
̣Ȫ˥Ț ˒ + ˥ � ڱ ʾǘ˒ʳܿ ˒ + ˥ � ܿڲ�
êʾʂʂȄܿ �˒ ʾǘʳʾǘ˒ǘɱ˥Ɔ˥Ȫ̝ǘ˒ ʂȄ ˥Țǘ Ɔʾȇ˺ɩǘɱ˥˒ܪ ̣ǘ ˒Țʂ̣

(Ȫ) ʾʂ˥ñ˥,Әڳ (Ӯ) � ڳӘ,˥6ڱ (Ӯ) Ɔɱǃ (ȪȪ) ñ˥,Әڲ (Ӯ) =R˥,Әڲ (Ӯ) .
gʂʾ F � ʾʂ˥ñ˥,Әڳ (Ӯ)ܪ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ ˒ǘʹ˺ǘɱƷǘ (Eɱ)ɱ∈� � ,∞Әڳ (Ӯ) ˒˺ƷȚ ˥ȚƆ˥ ʾʂ˥ Eɱ �� F Ȫɱ
˥ڳ� (Ӯ)ܿ ĊȚǘɱ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ںڵڴ

�֢ � �,∞(Ӯ) : �F ,�֢ (Ӯ)ڳ�� = ɑȪɩɱ�∞� ʾʂ˥ Eɱ ,�֢ =(Ӯ)ڳ�� � ɑȪɩɱ�∞�ǃȪ̝ � ʾʂ˥ Eɱ� ,֢ (Ӯ)ڳ�� = ڱ ,
ȚǘɱƷǘ F ȚƆ˒ ̝ƆɱȪ˒ȚȪɱȇ ǃȪ̝ǘʾȇǘɱƷǘ Ɔɱǃ (Fɱ)ɱ∈� ǃǘ͘ɱǘǃ ƭ̰ Fɱ := ʾʂ˥ Eɱ ˒Ɔ˥Ȫ˒͘ǘ˒(Fɱ)ɱ∈� � ,∞Әڳ (Ӯ), Fɱ

˥ڳ� (Ӯ)������� F Ɔɱǃ ǃȪ̝Fɱ = ǃȪ̝ � ʾʂ˥ Eɱ� = ڱ ��������(Ӯ)ڲ+˥ڳ� ڱ .
ĊȚ˺˒ F � ڳӘ,˥6ڱ (Ӯ)ܪ ˒Țʂ̣Ȫɱȇ (Ȫ)ܿ �ǘ˥ ˺˒ ˒Țʂ̣ (ȪȪ)ܿ ŀǘ ȚƆ̝ǘ ñ˥,Әڲ (Ӯ) � R˥,Әڲ (Ӯ)ܿ gʂʾ ˥Țǘ
ʂ˥Țǘʾ ǃȪʾǘƷ˥Ȫʂɱܪ ɑǘ˥ F � R˥,Әڲ (Ӯ) Ɔɱǃ ձ > ܿڱ ę˒Ȫɱȇ ˥Țǘ Ʒ˺˥ݱʂ͍ Ȅ˺ɱƷ˥Ȫʂɱ Ȅʾʂɩ Ɔƭʂ̝ǘ
̣ǘ ǃǘ͘ɱǘ (FɈ)Ɉ∈� ƭ̰ FɈ := մɈFܿ ĊȚǘɱ FɈ � R ̃Әڲ�Ӯ(ڳʾɈ)ܪ� �Әڲ := Әڲ � ý(ڳʾɈ)ܪ ˒ȪɱƷǘ Ȅʂʾ
ӫ � ,∞Әڳ �Ӯ(ڳʾɈ)� Ȫ˥ Țʂɑǃ˒ ƭ̰ մɈӫ � ,∞Әڳ (Ӯ)�FɈ , ʾʂ˥ӫ ((ʾɈڳ)Ӯ)ڳ�� = � մɈF , ʾʂ˥ӫ =(Ӯ)ڳ�� �F , ʾʂ˥(մɈӫ) (Ӯ)ڳ�� � �F ,�մɈ ◊ӫ =(Ӯ)ڳ�� � մɈ ʾʂ˥F + �մɈ ◊ F ,ӫ ((ʾɈڳ)Ӯ)ڳ�� = � ʾʂ˥FɈ ,ӫ ((ʾɈڳ)Ӯ)ڳ�� .
%̰ ɩǘƆɱ˒ ʂȄ ɩʂɱʂ˥ʂɱǘ Ʒʂɱ̝ǘʾȇǘɱƷǘܪ ̣ǘ ȚƆ̝ǘڳ�F � FɈ�ñ˥(Ӯ) = � �մɈF�ñ˥(Ӯ) � Ʒ � � �F�ñ˥(qę(ʾɈ)) + ڲ

Ɉڳ
� �Fڳ��˥ (Ӯ) � �� ڱ ,

ȚǘɱƷǘ ̣ǘ ƷƆɱ ƷȚʂʂ˒ǘ �Ɉ > ڱ ˒˺ƷȚ ˥ȚƆ˥ ����F � F �Ɉ����ñ˥(Ӯ) < ձ/ܿڳ �˒ Ӯ(ڳʾ �Ɉ) = Ӯ � ę(ڳʾ �Ɉ) Ȫ˒ Ɔ
ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܪ ̣ǘ ʂƭ˥ƆȪɱ R ̃Әڲ�Ӯ(ڳʾ �Ɉ)� = ñ ̃Әڲ�Ӯ(ڳʾ �Ɉ)� ƭ̰ ܪڲݚ ýǘƷ˥Ȫʂɱ
ܪݛڴܿڴ ̰ȪǘɑǃȪɱȇ ˥Țǘ ṷ̈́Ȫ˒˥ǘɱƷǘ ʂȄ ˒ʂɩǘ ӭ � ,∞̃Әڲ �Ӯ(ڳʾ �Ɉ)� ˒˺ƷȚ ˥ȚƆ˥����F �Ɉ �ӭ����ñ˥(Ӯ(ڳʾ �Ɉ)) � Ʒ � ����F �Ɉ �ӭ����ñ(Ӯ(ڳʾ �Ɉ)) < ձ/ڳ .
F̭˥ǘɱǃȪɱȇ ӭ ƭ̰ ̀ǘʾʂ ˥ʂ Ӯܪ ̣ǘ ʂƭ˥ƆȪɱ ƭ̰ݦ Ɔƭ˺˒ǘ ʂȄ ɱʂ˥Ɔ˥Ȫʂɱݧ ӭ � ,∞Әڲ (Ӯ) ̣Ȫ˥Ț�F �ӭ�ñ˥(Ӯ) � ����F � F �Ɉ����ñ˥(Ӯ) + ����F �Ɉ �ӭ����ñ˥(Ӯ(ڳʾ �Ɉ)) < ձڳ + ձڳ = ձ ,
̣ȚȪƷȚ Ʒʂɩʳɑǘ˥ǘ˒ ˥Țǘ ʳʾʂʂȄܿ

ۇܿۇ ýʂɩǘ Ȅ˺ɱƷ˥ȪʂɱƆɑ ƆɱƆɑ̰˒Ȫ˒
�ǘ˥ vڲ Ɔɱǃ vڳ ƭǘ vȪɑƭǘʾ˥ ˒ʳƆƷǘ˒ Ɔɱǃ ɑǘ˥ � : D(�) � vڲ �� vڳ ƭǘ Ɔ ɑȪɱǘƆ ʾܪ ǃǘɱ˒ǘɑ̰
ǃǘ͘ɱǘǃܪ Ɔɱǃ Ʒɑʂ˒ǘǃ ɑȪɱǘƆʾ ʂʳǘʾƆ˥ʂʾ ̣Ȫ˥Ț ˥Țǘ ƆǃɀʂȪɱ˥ �∗ : D(�∗) � vڳ �� vܪڲ ̣ȚȪƷȚ
Ȫ˒ ˥Țǘɱ ɑȪɱǘƆ ʾܪ ǃǘɱ˒ǘɑ̰ ǃǘ͘ɱǘǃܪ Ɔɱǃ Ʒɑʂ˒ǘǃ Ɔ˒ ̣ǘɑɑܿ ±ʂ˥ǘ ˥ȚƆ˥ �∗ Ȫ˒ ƷȚƆʾƆƷ˥ǘʾȪ̀ǘǃ ƭ̰�� ̭ , ̰ �vڳ

= � ̭ ,�∗ ̰ �vڲ
� ̭ � D(�), ̰ � D(�∗) .

ڳ vǘʾǘ Ɔɱǃ ȚǘʾǘƆȄ˥ǘ ʾܪ Ʒ > ڱ ǃǘɱʂ˥ǘ˒ ˒ʂɩǘ ȇǘɱǘʾȪƷ Ʒʂɱ˒˥Ɔɱ˥ܿ
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ڱڶڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

%̰ ˥Țǘ ʳʾʂɀǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܪ ̣ǘ ȚƆ̝ǘ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ vǘɑɩȚʂɑ˥̀ݱ˥̰ʳǘ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ܩ

vڲ = R(�∗) �N (�), Ɔɱǃ vڳ = R(�) �N (�∗) ,
̣ȚȪƷȚ ʳʾʂʳʂ˒ǘ ˥Țǘ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ʾǘǃ˺Ʒǘǃ ʂʳǘʾƆ˥ʂʾ˒ A := �|N (�)⊥ ܪ A∗ := �∗|N (�∗)⊥ ܪ
Ȫܿ ǘܿܪ

A : D(A) � R(�∗) �� R(�), A∗ : D(A∗) � R(�) �� R(�∗),
ʾǘ˒ʳܿ

D(A) = D(�) �R(�∗), D(A∗) = D(�∗) �R(�) .
ĊȚǘ˒ǘ ʂʳǘʾƆ˥ʂʾ˒ Ɔʾǘ Ɔɑ˒ʂ Ʒɑʂ˒ǘǃܪ ǃǘɱ˒ǘɑ̰ ǃǘ͘ɱǘǃ Ɔɱǃ Ȫɱǃǘǘǃ ƆǃɀʂȪɱ˥ ˥ʂ ǘƆƷȚ ʂ˥Țǘ ܿʾ
¬ʂʾǘʂ̝ǘ ʾܪ ƭ̰ ǃǘ͘ɱȪ˥ȪʂɱA ƆɱǃA∗ Ɔʾǘ ȪɱɀǘƷ˥Ȫ̝ǘ Ɔɱǃܪ ˥ȚǘʾǘȄʂʾǘܪ ˥Țǘ Ȫɱ̝ǘʾ˒ǘ ʂʳǘʾƆ˥ʂʾ˒

A−ڲ : R(�) �� D(A) Ɔɱǃ �A∗)−ڲ : R(�∗) �� D(A∗)
ṷ̈́Ȫ˒˥ܿ ĊȚǘ ʳƆȪʾ (A,A∗) ˒Ɔ˥Ȫ˒͘ǘ˒ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ʾǘ˒˺ɑ˥ ʂȄ ˥Țǘ ˒ʂݱƷƆɑɑǘǃg˺ɱƷ˥ȪʂɱƆɑ �ɱƆɑ̰˒Ȫ˒
Ċʂʂɑƭʂ̭ ܪǘǘ˒ݦ ǘܿ ȇܿܪ ܪڸڲݚ ýǘƷ˥Ȫʂɱ ܪݧݛڳ Ȅʾʂɩ ̣ȚȪƷȚ ̣ǘ ̣Ȫɑɑ ǃǘʾȪ̝ǘ ˒ʂɩǘ êʂȪɱƷƆʾǚݱ˥̰ʳǘ ǘ˒˥Ȫݱ
ɩƆ˥ǘ˒ Ȅʂʾ ˥Țǘ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ʂʳǘʾƆ˥ʂʾ (M � ֈ) ƷȄܿݦ ñǘɩƆʾɈ ڲڲܿڴ Ɔɱǃ ñǘɩƆʾɈ
ܿݧڸܿڴ

�ǘɩɩƆ ܿڴܿڳ ĊȚǘ Ȅʂɑɑʂ̣Ȫɱȇ Ɔ˒˒ǘʾ˥Ȫʂɱ˒ Ɔʾǘ ǘʹ˺Ȫ̝Ɔɑǘɱ˥ܩ
ݧڲݦ � Ʒ� � (�,ڱ) � ̭ � D(A)ܩ �̭�vڲ

� Ʒ� �� ̭�vڳ
(∗ڲ)ܿ � Ʒ�∗ � (�,ڱ) � ̰ � D(A∗)ܩ �̰�vڳ

� Ʒ�∗ ��∗ ̰�vڲ
ܿ

ݧڳݦ R(�) = R(A) Ȫ˒ Ʒɑʂ˒ǘǃ Ȫɱ v(∗ڳ)ܿڳ R(�∗) = R(A∗) Ȫ˒˥ Ʒɑʂ˒ǘǃ Ȫɱ vܿڲ
ݧڴݦ A−ڲ : R(�) �� D(A) Ȫ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ܿ(ڴ∗) �A∗�−ڲ : R(�∗) �� D(A∗) Ȫ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ܿ

±ʂ˥ǘ ˥ȚƆ˥ Ȅʂʾ ˥Țǘ ނ˥˒ƭǘށ Ʒʂɱ˒˥Ɔɱ˥˒ Ʒ� Ɔɱǃ Ʒ�∗ Ȫ˥ Țʂɑǃ˒�����A−ڲ�����R(�),R(�∗) = Ʒ� = Ʒ�∗ = �����(A∗)−ڲ�����R(�∗),R(�) .
ۈ ýʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰ Ȅʂʾ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ
ǘʹ˺Ɔ˥Ȫʂɱ˒

�˒ɩǘɱ˥Ȫʂɱǘǃ Ɔƭʂ̝ǘܪ ̣ǘ ˒ȚƆɑɑ ˥ʾǘƆ˥ ˥Țǘ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ̣Ȫ˥Ț ɩȪ̭ǘǃ
ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒� ʾʂ˥v + ȪֈղF = g Ȫɱ Ӯ, F ◊ ջ = ڱ ʂɱ Әڲ,

ݧڲܿڴݦ
ʾʂ˥F + Ȫֈպv = j Ȫɱ Ӯ, v ◊ ջ = ڱ ʂɱ Әڳ,
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Ȫɱ Ɔɱ ṷ̈́˥ǘʾȪʂʾ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱӮ � ڴ� Ɔɱǃ Ȅʂʾ Ȅʾǘʹ˺ǘɱƷȪǘ˒ֈ � ܿ(ڱ)\� ¬ʂʾǘʂ̝ǘ ʾܪ
̣ǘ ˒˺ʳʳʂ˒ǘ ˥ȚƆ˥ ˥Țǘ ɩƆ˥ǘʾȪƆɑ ʳƆʾƆɩǘ˥ǘʾ˒ ղ Ɔɱǃ պ Ɔʾǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ ̣Ȫ˥Ț ո � ܿڱ ę˒Ȫɱȇ
˥Țǘ Ɔƭƭʾǘ̝ȪƆ˥Ȫʂɱ˒ Ȅʾʂɩ Ɔƭʂ̝ǘ Ɔɱǃ ʾụ̈́ʾȪ˥Ȫɱȇ

˺ := (F,v), Ȅ := ȪӠ−ڲ(�g,j) ,
˥Țǘ ̣ǘƆɈ Ȅʂʾɩ˺ɑƆ˥Ȫʂɱ ʂȄ ˥Țǘ˒ǘ ƭʂ˺ɱǃƆʾ̰ ̝Ɔɑ˺ǘ ʳʾʂƭɑǘɩ ʾǘƆǃ˒ܩ

gʂʾ Ȅ � ɑʂƷ(Ӯ)ڳ� ͘ɱǃ ˺ � ñɑʂƷ,Әڲ (Ӯ) ◊ ñɑʂƷ,Әڳ (Ӯ) ˒˺ƷȚ ˥ȚƆ˥ (¬ � ֈ) ˺ = Ȅ . ݧڳܿڴݦ

ŀǘ ˒ȚƆɑɑ ˒ʂɑ̝ǘ ˥ȚȪ˒ ʳʾʂƭɑǘɩ ˺˒Ȫɱȇ ʳʂɑ̰ɱʂɩȪƆɑɑ̰ ̣ǘȪȇȚ˥ǘǃ vȪɑƭǘʾ˥ ˒ʳƆƷǘ˒ܿ �ɱ ǃʂȪɱȇ
˒ʂܪ ̣ǘ Ɔ̝ʂȪǃ ƆǃǃȪ˥ȪʂɱƆɑ Ɔ˒˒˺ɩʳ˥Ȫʂɱ˒ ʂɱ ƭʂ˺ɱǃƆʾ̰ ʾǘȇ˺ɑƆʾȪ˥̰ Ȅʂʾ Ӯܪ ˒ȪɱƷǘ ʂɱɑ̰ Ɔ Ʒʂɩݱ
ʳƆƷ˥ɱǘ˒˒ ʾǘ˒˺ɑ˥ ƷʂɩʳƆʾƆƭɑǘ ˥ʂ ñǘɑɑȪƷȚކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ Ȫ˒ ɱǘǘǃǘǃܿ ¬ʂʾǘ ʳʾǘƷȪ˒ǘɑ ܪ̰
̣ǘ ̣Ȫɑɑ ˒Țʂ̣ ˥ȚƆ˥ Ӯ ˒Ɔ˥Ȫ˒͘ǘ˒ ˒ކŀǘƷɈށ ݧɑʂƷƆɑݦ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܪނ Ɔɑ˒ʂ ƷƆɑɑǘǃ ݧɑʂƷƆɑݦށ
¬Ɔ̭̣ǘɑɑ ƷʂɩʳƆƷ˥ɱǘ˒˒ ʳʾʂʳǘʾ˥̰ܪނ ̣ȚȪƷȚ Ȫɱ ȄƆƷ˥ Ȫ˒ Ɔɑ˒ʂ Ɔɱ Ɔ˒˒˺ɩʳ˥Ȫʂɱ ʂɱ ˥Țǘ ʹ˺ƆɑȪ˥̰ ʂȄ
˥Țǘ ƭʂ˺ɱǃƆʾ̰ Ɔɱǃ Ȫɱ ˒ʂɩǘ ˒ǘɱ˒ǘ ˒˺ʳǘʾ˒ǘǃǘ˒ Ɔ˒˒˺ɩʳ˥Ȫʂɱ˒ ʂɱ ƭʂ˺ɱǃƆʾ̰ ʾǘȇ˺ɑƆʾȪ˥̰ܿ

6ǘ͘ɱȪ˥Ȫʂɱ ܿڲܿڴ �ǘ˥ հ ƭǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ ̣Ȫ˥Ț ո � ڱ Ɔɱǃ ɑǘ˥ Ӯ � ڴ� ƭǘ ʂʳǘɱܿ Ӯ ˒Ɔ˥Ȫ˒ݱ
͘ǘ˒ ˒ކŀǘƷɈށ ɑʂƷƆɑ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩނ ݧŀ�ýĊݦ ʂʾݦ ȚƆ˒ ˥Țǘ ɑʂƷƆɑށ ¬Ɔ̭̣ǘɑɑ ƷʂɩʳƆƷ˥ɱǘ˒˒
ʳʾʂʳǘʾ˥̰ܪݧނ ȪȄ ˥Țǘ ǘɩƭǘǃǃȪɱȇ

ñӘڲ (Ӯ) � հ−6ڲӘڳ (Ӯ) ����� ɑʂƷ(Ӯ)ڳ� ݧڴܿڴݦ

Ȫ˒ ƷʂɩʳƆƷ˥ܿ Ӯ ˒Ɔ˥Ȫ˒͘ǘ˒ ˒ކŀǘƷɈނ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩނ ݧŀýĊݦ ʂʾݦ ȚƆ˒ ˥Țǘ Ɔ̭̣ǘɑɑ¬ށ Ʒʂɩݱ
ʳƆƷ˥ɱǘ˒˒ ʳʾʂʳǘʾ˥̰ݧނ ȪȄ ˥Țǘ ǘɩƭǘǃǃȪɱȇ

ñӘڲ (Ӯ) � հ−6ڲӘڳ (Ӯ) ����� (Ӯ)ڳ� ݧڵܿڴݦ

Ȫ˒ ƷʂɩʳƆƷ˥ܿ

ñǘɩƆʾɈ ܿڳܿڴ ±ʂ˥ǘ ˥ȚƆ˥ ŀǘƷɈކ˒ ݧɑʂƷƆɑݦ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ Ȫ˒ ǘ˒˒ǘɱ˥ȪƆɑɑ̰ Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ
հ ɩǘƆɱȪɱȇ ˥ȚƆ˥ Ɔ ǃʂɩƆȪɱ Ӯ � ڴ� ˒Ɔ˥Ȫ˒͘ǘ˒ ŀýĊ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ ŀ�ýĊܪ ȪȄ Ɔɱǃ ʂɱɑ̰ ȪȄ ˥Țǘ
ȪɩƭǘǃǃȪɱȇ

ñӘڲ (Ӯ) � 6Әڳ (Ӯ) ����� (Ӯ)ڳ� ʾǘ˒ʳܿ ñӘڲ (Ӯ) � 6Әڳ (Ӯ) ����� ɑʂƷ(Ӯ)ڳ�
Ȫ˒ ƷʂɩʳƆƷ˥ܿ ĊȚǘ ʳʾʂʂȄ Ȫ˒ ʳʾƆƷ˥ȪƷƆɑɑ̰ Ȫǃǘɱ˥ȪƷƆɑ ̣Ȫ˥Ț ˥Țǘ ʂɱǘ ʂȄ ܪںڲݚ �ǘɩɩƆ ݛڳ ǘǘ˒ݦ Ɔɑ˒ʂ
ܪڵڳݚ ܿݧݛڳڳ

�ǘɩɩƆ ܿڴܿڴ �ǘ˥ հ ƭǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ ̣Ȫ˥Ț ո � ڱ Ɔɱǃ ɑǘ˥ Ӯ � ڴ� ƭǘ Ɔɱ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱܿ
ĊȚǘɱ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ˒˥Ɔ˥ǘɩǘɱ˥˒ Ɔʾǘ ǘʹ˺Ȫ̝Ɔɑǘɱ˥ܩ
ݧƆݦ Ӯ ˒Ɔ˥Ȫ˒͘ǘ˒ ŀ�ýĊܿ
ݧƭݦ gʂʾ Ɔɑɑ �ʾ > ʾڱ, ˥Țǘ ȪɩƭǘǃǃȪɱȇ

ñ ̃Әڲ (Ӯ( �ʾ)) � հ−6ڲӘڳ (Ӯ( �ʾ)) ����� )Ӯ)ڳ� �ʾ))
̣Ȫ˥Ț �Әڲ := Әڲ � ý( �ʾ) Ȫ˒ ƷʂɩʳƆƷ˥ܪ Ȫܿǘܿܪ Ӯ( �ʾ) ˒Ɔ˥Ȫ˒͘ǘ˒ ŀýĊܿ
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ڳڶڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

ݧƷݦ gʂʾ Ɔɑɑ �ʾ > ʾڱ, ˥Țǘ ȪɩƭǘǃǃȪɱȇ
ñӘڲ (Ӯ( �ʾ)) � հ−6ڲ ̃Әڳ (Ӯ( �ʾ)) ����� )Ӯ)ڳ� �ʾ))

̣Ȫ˥Ț �Әڳ := Әڳ � ý( �ʾ) Ȫ˒ ƷʂɩʳƆƷ˥ܪ Ȫܿǘܿܪ Ӯ( �ʾ) ˒Ɔ˥Ȫ˒͘ǘ˒ ŀýĊܿ
ݧǃݦ gʂʾ Ɔɑɑ ˒, ˥ � � ̣Ȫ˥Ț ˥ < ܪ˒ ˥Țǘ ȪɩƭǘǃǃȪɱȇ

ñ˒,Әڲ (Ӯ) � հ−6ڲ˒,Әڳ (Ӯ) ����� ˥ڳ� (Ӯ)
Ȫ˒ ƷʂɩʳƆƷ˥ܿ

êʾʂʂȄܿ ܩݧƭݦ�ݧƆݦ �ǘ˥ �ʾ > ʾܿڱ %̰ ñǘɩƆʾɈ ܪڳܿڴ Ȫ˥ Ȫ˒ ˒˺͎ƷȪǘɱ˥ ˥ʂ ˒Țʂ̣ ˥Țǘ ƷʂɩʳƆƷ˥ɱǘ˒˒ ʂȄ

ñ ̃Әڲ (Ӯ( �ʾ)) � 6Әڳ (Ӯ( �ʾ)) ����� )Ӯ)ڳ� �ʾ)) .
ĊȚǘʾǘȄʂʾǘܪ ɑǘ˥ (Fɱ)ɱ∈� � ñ ̃Әڲ (Ӯ( �ʾ)) � 6Әڳ (Ӯ( �ʾ)) ƭǘ ƭʂ˺ɱǃǘǃܪ ƷȚʂʂ˒ǘ ʾڱ < �ʾ < �ʾ Ɔɱǃ Ɔ
Ʒ˺˥ݱʂ͍ Ȅ˺ɱƷ˥Ȫʂɱ ֆ � (ڴ�)∞,� ̣Ȫ˥Ț ˒˺ʳʳ ֆ � ę( �ʾ) Ɔɱǃ ֆ|%( �ʾ) = ܿڲ ĊȚǘɱܪ Ȅʂʾ ǘ̝ǘʾ̰ ɱ � �
̣ǘ ȚƆ̝ǘ

Fɱ = �Fɱ + �Fɱ := ֆFɱ + ڲ) � ֆ)Fɱ , ˒˺ʳʳ �Fɱ � Ӯ( �ʾ) , ˒˺ʳʳ �Fɱ � j( �ʾ, �ʾ) ,
˒ʳɑȪ˥˥Ȫɱȇ (Fɱ)ɱ∈� Ȫɱ˥ʂ ( �Fɱ)ɱ∈� Ɔɱǃ ( �Fɱ)ɱ∈�ܿ F̭˥ǘɱǃȪɱȇ �Fɱ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ �Fɱ ƭ̰ ̀ǘʾʂܪ ̣ǘ
ʂƭ˥ƆȪɱ ƭ̰ݦ Ɔƭ˺˒ǘ ʂȄ ɱʂ˥Ɔ˥Ȫʂɱݧ ˒ǘʹ˺ǘɱƷǘ˒( �Fɱ)ɱ∈� � ñӘڲ (Ӯ) � 6Әڳ (Ӯ) Ɔɱǃ ( �Fɱ)ɱ∈� � ñý( ̃ʾ)(ę( �ʾ)) � 6(ę( �ʾ))
̣ȚȪƷȚ Ɔʾǘ ƭʂ˺ɱǃǘǃ Ȫɱ ˥Țǘ ʾǘ˒ʳǘƷ˥Ȫ̝ǘ ˒ʳƆƷǘ˒ܿ ĊȚ˺˒ܪ ˺˒Ȫɱȇ ŀǘƷɈކ˒ ɑʂƷƆɑ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘݱ
ʂʾǘɩ Ɔɱǃ ñǘɩƆʾɈ ܪڳܿڴ ̣ǘ ƷƆɱ ƷȚʂʂ˒ǘ Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ ( �Fվ(ɱ))ɱ∈� ʂȄ ( �Fɱ)ɱ∈� Ʒʂɱ̝ǘʾȇݱ
Ȫɱȇ Ȫɱ ܿɑʂƷ(Ӯ)ڳ� ĊȚǘ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ ( �Fվ(ɱ))ɱ∈� Ȫ˒ ʂȄ Ʒʂ˺ʾ˒ǘ Ɔɑ˒ʂ ƭʂ˺ɱǃǘǃ Ȫɱ
ñý( ̃ʾ)(ę( �ʾ)) � 6(ę( �ʾ)) Ɔɱǃ ƭ̰ ܪڴڳݚ ĊȚǘʂʾǘɩ ܪݛڳܿڳ ǘ̝ǘɱ Ȫɱ vڲ(ę( �ʾ))ܪ ȚǘɱƷǘ ˒ކñǘɑɑȪƷȚݦ ˒ǘɑǘƷݱ
˥Ȫʂɱ ˥Țǘʂʾǘɩݧ ȚƆ˒ Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ ( �Fվ̃(ɱ))ɱ∈� Ʒʂɱ̝ǘʾȇȪɱȇ Ȫɱ )ę)ڳ� �ʾ))ܿ ĊȚ˺˒����Fվ̃(ɱ) � Fվ̃(ɩ)ڳ�����(Ӯ( ̃ʾ))� Ʒ � � ����ֆ�Fվ̃(ɱ) � Fվ̃(ɩ)ڳ������(Ӯ( ̃ʾ)) + ڲ)���� � ֆ)�Fվ̃(ɱ) � Fվ̃(ɩ)ڳ������(Ӯ( ̃ʾ)) �� Ʒ � ����� �Fվ̃(ɱ) � �Fվ̃(ɩ) )Ӯ)ڳ����� ̃ʾ)) + ���� �Fվ̃(ɱ) � �Fվ̃(ɩ) )ę)ڳ����� ̃ʾ))� ɩ,ɱ�∞�������� ڱ ,
ɩǘƆɱȪɱȇ ˥ȚƆ˥ (Fվ̃(ɱ))ɱ∈� � (Fɱ)ɱ∈� Ȫ˒ Ɔ ,Ɔ˺ƷȚ̰ ˒ǘʹ˺ǘɱƷǘ Ȫɱ )Ӯ)ڳ� �ʾ))ܿ

ܩݧǃݦ�ݧƭݦ �ǘ˥ ˒, ˥ � �̣Ȫ˥Ț ˒ > ˥ Ɔɱǃ ɑǘ˥ (Fɱ)ɱ∈� � ñ˒,Әڲ (Ӯ)� հ−6ڲ˒,Әڳ (Ӯ) ƭǘ ƭʂ˺ɱǃǘǃܿ
ĊȚǘɱ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ (Fվ(ɱ))ɱ∈� � (Fɱ)ɱ∈� ̣ȚȪƷȚ Ʒʂɱ̝ǘʾȇǘ˒ ̣ǘƆɈɑ̰ Ȫɱ
ñ˒,Әڲ (Ӯ) � հ−6ڲ˒,Әڳ (Ӯ) ˥ʂ ˒ʂɩǘ ̝ǘƷ˥ʂʾ ͘ǘɑǃ F � ñ˒,Әڲ (Ӯ) � հ−6ڲ˒,Әڳ (Ӯ)ܿ ŀǘ ɱʂ̣ Ʒʂɱ˒˥ʾ˺Ʒ˥
Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ (Fվ̃(ɱ))ɱ∈� ʂȄ (Fվ(ɱ))ɱ∈� Ʒʂɱ̝ǘʾȇȪɱȇ Ȫɱ ɑʂƷ(Ӯ)ڳ� ˥ʂ ˥Țǘ ˒Ɔɩǘ ɑȪɩȪ˥ Fܿ gʂʾ
˥ȚȪ˒ܪ ʂƭ˒ǘʾ̝ǘ ˥ȚƆ˥ (Fվ(ɱ),ڲ)ɱ∈� ̣Ȫ˥Ț Fվ(ɱ),ڲ := մڲFվ(ɱ)
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڴڶڴ

Ȫ˒ ƭʂ˺ɱǃǘǃ Ȫɱ ñ ̃Әڲ (Ӯ(ʾڳ)) � հ−6ڲӘڳ (Ӯ(ʾڳ))ܪ �Әڲ := Әڲ � ý(ʾڳ) ˒˺ƷȚ ˥ȚƆ˥ ƭ̰ Ɔ˒˒˺ɩʳ˥Ȫʂɱ ˥Țǘʾǘ
ṷ̈́Ȫ˒˥˒ Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ (Fվڲ(ɱ),ڲ)ɱ∈� Ʒʂɱ̝ǘʾȇȪɱȇ Ȫɱ ܿ((ڳʾ)Ӯ)ڳ� ĊȚǘɱ (Fվڲ(ɱ))ɱ∈� � (Fվ(ɱ))ɱ∈�
Ȫ˒ Ʒʂɱ̝ǘʾȇȪɱȇ Ȫɱ ܪ((ڲʾ)Ӯ)ڳ� Ɔɱǃܪ Ɔ˒ (Fվڲ(ɱ))ɱ∈� Ȫ˒ Ɔɑ˒ʂ ̣ǘƆɈɑ̰ Ʒʂɱ̝ǘʾȇǘɱ˥ Ȫɱ ܪ((ڲʾ)Ӯ)ڳ� ̣ǘ
ȚƆ̝ǘ

Fվڲ(ɱ) �� F Ȫɱ ((ڲʾ)Ӯ)ڳ� .
¬˺ɑ˥Ȫʳɑ̰Ȫɱȇ (Fվڲ(ɱ))ɱ∈� ̣Ȫ˥Ț մܪڳ ̣ǘ ʂƭ˥ƆȪɱ Ɔ ˒ǘʹ˺ǘɱƷǘ (Fվڲ(ɱ),ڳ)ɱ∈ܪ� Fվڲ(ɱ),ڳ := մڳFվڲ(ɱ)
ƭʂ˺ɱǃǘǃ Ȫɱñ ̃Әڲ (Ӯ(ʾڴ))�հ−6ڲӘڳ (Ӯ(ʾڴ))ܪ �Әڲ := Әڲ� ý(ʾڴ)ܪ Ɔɱǃܪ Ɔ˒ ƭǘȄʂʾụ̈́ܪǘ Ʒʂɱ˒˥ʾ˺Ʒ˥ Ɔ ˒˺ƭݱ
˒ǘʹ˺ǘɱƷǘ (Fվڳ(ɱ),ڳ)ɱ∈� Ʒʂɱ̝ǘʾȇȪɱȇ Ȫɱ ܪ((ڴʾ)Ӯ)ڳ� ȇȪ̝Ȫɱȇ ƆȇƆȪɱ Ɔ Ʒʂɱ̝ǘʾȇȪɱȇ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ(Fվڳ(ɱ))ɱ∈� � (Fվڲ(ɱ))ɱ∈� ̣Ȫ˥Ț

Fվڳ(ɱ) �� F Ȫɱ ((ڳʾ)Ӯ)ڳ� .
,ʂɱ˥Ȫɱ˺Ȫɱȇ ɑȪɈǘ ˥ȚȪ˒ܪ ̣ǘ ˒˺ƷƷǘ˒˒Ȫ̝ǘɑ̰ Ʒʂɱ˒˥ʾ˺Ʒ˥ Ʒʂɱ̝ǘʾȇȪɱȇ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ˒ (FվɈ(ɱ))ɱ∈�
̣Ȫ˥Ț FվɈ(ɱ) �� F Ȫɱ (Ӯ(ʾɈ))ڳ� Ɔɱǃ ˒̣Ȫ˥ƷȚȪɱȇ ˥ʂ ˥Țǘ ǃȪƆȇʂɱƆɑ ˒ǘʹ˺ǘɱƷǘ ̣ǘ Ȫɱǃǘǘǃ ǘɱǃ
˺ʳ ̣Ȫ˥Ț Ɔ ˒ǘʹ˺ǘɱƷǘ (Fվ̃(ɱ))ɱ∈ܪ� �վ(ɱ) := վɱ(ɱ)ܪ ̣Ȫ˥Ț Fվ̃(ɱ) �� F Ȫɱ ܿɑʂƷ(Ӯ)ڳ� ±ʂ̣ �ǘɩɩƆ
ڲܿ� ȪɩʳɑȪǘ˒ Ȅʂʾ ƆʾƭȪ˥ʾƆʾ̰ յ > ����Fվ̃(ɱ)ڱ � Fڳ�����˥ (Ӯ) � Ʒ � ����Fվ̃(ɱ) � Fڳ�����(Ӯ(ձ)) + յ ,
̣Ȫ˥Ț Ʒ, ձ � (�,ڱ) Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ Fվ̃(ɱ)ܿ vǘɱƷǘ

ɑȪɩ ˒˺ʳ
ɱ�∞ ����Fվ̃(ɱ) � Fڳ�����˥ (Ӯ) � յ ,

Ɔɱǃ ̣ǘ ʂƭ˥ƆȪɱ Fվ̃(ɱ) �� F Ȫɱ ˥ڳ� (Ӯ)ܿ
ܩݧƆݦ�ݧǃݦ gʂʾ (Fɱ)ɱ∈� ƭʂ˺ɱǃǘǃ Ȫɱ ñӘڲ (Ӯ) � հ−6ڲӘڳ (Ӯ)ܪ Ɔ˒˒ǘʾ˥Ȫʂɱ ݧƷݦ ȪɩʳɑȪǘ˒ ˥Țǘ ǘ ݱ̭

Ȫ˒˥ǘɱƷǘ ʂȄ Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ (Fվ(ɱ))ɱ∈� Ʒʂɱ̝ǘʾȇȪɱȇ Ȫɱ (Ӯ)ڲ−ڳ� ˥ʂ ˒ʂɩǘ F � ܿ(Ӯ)ڲ−ڳ� ĊȚǘɱ
F � ɑʂƷ(Ӯ)ڳ� Ɔɱǃ Ɔ˒� �ʾ > ڱ : ����Fվ(ɱ) � Fڳ�����(Ӯ( ̃ʾ)) � ڲ) + �ʾ)ڳ/ڲ � ����Fվ(ɱ) � Fڲ−ڳ�����(Ӯ) ,
̣ǘ ʂƭ˥ƆȪɱ (Fվ(ɱ))ɱ∈� �� F Ȫɱ ܿɑʂƷ(Ӯ)ڳ�

ýȪɩȪɑƆʾ Ɔʾȇ˺ɩǘɱ˥˒ ˥ʂ ˥Țʂ˒ǘ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ˥ʂ ݧƭݦ ˒Țʂ̣ ˥Țǘ Ɔ˒˒ǘʾ˥Ȫʂɱ Ȅʂʾ ܿݧƷݦ

�˒ ˒Țʂ̣ɱ ƭ̰ %Ɔ˺ǘ ʾܪ êƆ˺ɑ ܪ̰ Ɔɱǃ ýƷȚʂɩƭ˺ʾȇ ܪڲݚ ĊȚǘʂʾǘɩ ܪݛڸܿڵ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳݱ
˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ ˒Ɔ˥Ȫ˒Ḛ̏ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ Ɔɱǃ ƭ̰ �ǘɩɩƆ ڴܿڴ ݧƆݦ ˥ȚȪ˒ ǃȪʾǘƷ˥ɑ̰
ȪɩʳɑȪǘ˒ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇܿ

ĊȚǘʂʾǘɩ ܿڵܿڴ F̭˥ǘʾȪʂʾ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ ˒Ɔ˥Ȫ˒Ḛ̏ ŀǘƷɈކ˒ ɑʂƷƆɑ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܿ

ñǘ˥˺ʾɱȪɱȇ ˥ʂ ʂ˺ʾ ȪɱȪ˥ȪƆɑ ʹ˺ǘ˒˥Ȫʂɱܪ Ɔ ͘ʾ˒˥ ˒˥ǘʳ ˥ʂ Ɔ ˒ʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰ Ȅʂʾ ݧڳܿڴݦ Ȫ˒ ˥Țǘ
Ȅʂɑɑʂ̣Ȫɱȇ ʂƭ˒ǘʾ̝Ɔ˥Ȫʂɱܿ
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ڵڶڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

ĊȚǘʂʾǘɩ ܿڶܿڴ ĊȚǘ¬Ɔ̭̣ǘɑɑ ʂʳǘʾƆ˥ʂʾ

M : ñӘڲ (Ӯ) ◊ ñӘڳ (Ӯ) � Ӡ(Ӯ)ڳ� �� ,Ӡ(Ӯ)ڳ� ˺ ��� ¬ ˺ ,
Ȫ˒ ˒ǘɑȄݱƆǃɀʂȪɱ˥ Ɔɱǃ ʾǘǃ˺Ʒǘǃ ƭ̰ ˥Țǘ Ʒɑʂ˒˺ʾǘ ʂȄ Ȫ˥˒ ʾƆɱȇǘ

R(M) = ղ−ڲʾʂ˥ñӘڳ (Ӯ) ◊ պ−ڲʾʂ˥ñӘڲ (Ӯ) .
ŀǘ ɱʂ˥ǘ ˥ȚƆ˥ Țǘʾǘܪ Ȫɱ ˥Țǘ ƷƆ˒ǘ ʂȄ Ɔɱ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ Ӯܪ ˥Țǘ ʾǘ˒ʳǘƷ˥Ȫ̝ǘ ʾƆɱȇǘ˒ Ɔʾǘ

ɱʂ˥ Ʒɑʂ˒ǘǃܿ

êʾʂʂȄܿ ĊȚǘ ʳʾʂʂȄ Ȫ˒ ˒˥ʾƆȪȇȚ˥Ȅʂʾ̣Ɔʾǃ ˺˒Ȫɱȇ �ǘɩɩƆ ܪڳܿڳ Ȫܿ ǘܿܪ ˥Țǘ ǘʹ˺Ȫ̝ƆɑǘɱƷǘ ʂȄ ˥Țǘ ǃǘȄݱ
ȪɱȪ˥Ȫʂɱ ʂȄ ̣ǘƆɈ Ɔɱǃ ˒˥ʾʂɱȇ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܿ

ĊȚ˺˒ ց(M) � ܪ� ɩǘƆɱȪɱȇ ˥ȚƆ˥ ǘ̝ǘʾ̰ ֈ � � \� Ȫ˒ Ʒʂɱ˥ƆȪɱǘǃ Ȫɱ ˥Țǘ ʾǘ˒ʂɑ̝ǘɱ˥ ˒ǘ˥ ʂȄ
M Ɔɱǃ Ȅʂʾ ȇȪ̝ǘɱ Ȅ � Ӡ(Ӯ)ڳ� ̣ǘ ʂƭ˥ƆȪɱ Ɔ ˺ɱȪʹ˺ǘ ˒ʂɑ˺˥Ȫʂɱ ʂȄ ݧڳܿڴݦ ƭ̰

˺ := �M � ֈ�−ڲȄ � ñӘڲ (Ӯ) ◊ ñӘڳ (Ӯ).
¬ʂʾǘʂ̝ǘ ʾܪ ˺˒Ȫɱȇ ˥Țǘ ʾǘ˒ʂɑ̝ǘɱ˥ ǘ˒˥ȪɩƆ˥ǘ ����(M � ֈ)−ڲ���� � |�ɩֈ|−ڲ Ɔɱǃ ˥Țǘ ǃȪ͍ǘʾǘɱ˥ȪƆɑ
ǘʹ˺Ɔ˥Ȫʂɱܪ ̣ǘ ȇǘ˥�˺�ñ(Ӯ) � Ʒ � � Ӡ(Ӯ)ڳ��˺� + �Ȅ Ӡ(Ӯ)ڳ�� + |ֈ| Ӡ(Ӯ)ڳ��˺� � � Ʒ � ڲ + |ֈ||�ɩֈ| � �Ȅ Ӡ(Ӯ)ڳ�� .
ĊȚǘʂʾǘɩ ܿڷܿڴ gʂʾ ֈ � � \ ܪ� ˥Țǘ ˒ʂɑ˺˥Ȫʂɱ ʂʳǘʾƆ˥ʂʾ

Lֈ := �M � ֈ�−ڲ : Ӡ(Ӯ)ڳ� �� ñӘڲ (Ӯ) ◊ ñӘڳ (Ӯ)
Ȫ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ̣Ȫ˥Ț �Lֈڳ��Ӡ(Ӯ),ñ(Ӯ) � Ʒ � |ֈ||�ɩֈ|+ڲ ܪ ̣Țǘʾǘ Ʒ Ȫ˒ Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ֈ Ɔɱǃ Ȅ ܿ

ñǘɩƆʾɈ ܿڸܿڴ �ǘ˥ ֈ � � \ �ܿ %̰ �ǘɩɩƆ ܪڴܿڳ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ˒˥Ɔ˥ǘɩǘɱ˥˒ Ɔʾǘ ǘʹ˺Ȫ̝Ɔɑǘɱ˥ ˥ʂ
˥Țǘ ƭʂ˺ɱǃǘǃɱǘ˒˒ ʂȄ Lֈܩ
ݮ ʳṵ̈́˥ݱgʾȪǘǃʾȪƷȚ˒݉êʂȪɱƷƆʾǚݦ ǘ˒˥ȪɩƆ˥ǘݧ ĊȚǘʾǘ ṷ̈́Ȫ˒˥˒ Ʒ > ڱ ˒˺ƷȚ ˥ȚƆ˥�˺�ñ(Ӯ) � Ʒ � �����¬ � ֈ�˺ڳ�����Ӡ(Ӯ) � ˺ � ñӘڲ (Ӯ) ◊ ñӘڳ (Ӯ) .
ݮ ɑʂ˒ǘǃ,ݦ ʾƆɱȇǘݧ ĊȚǘ ʾƆɱȇǘ

R(M � ֈ) = �M � ֈ��ñӘڲ (Ӯ) ◊ ñӘڳ (Ӯ)�
Ȫ˒ Ʒɑʂ˒ǘǃ Ȫɱ ܿӠ(Ӯ)ڳ�
ĊȚǘ ƷƆ˒ǘ ֈ � � \ (ڱ) Ȫ˒ ɩ˺ƷȚ ɩʂʾǘ ƷȚƆɑɑǘɱȇȪɱȇܪ ˒ȪɱƷǘ ̣ǘ ̣Ɔɱ˥ ˥ʂ ˒ʂɑ̝ǘ Ȫɱ ˥Țǘ

Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ˒ʳǘƷ˥ʾ˺ɩ ʂȄ ˥Țǘ ¬Ɔ̭̣ǘɑɑ ʂʳǘʾƆ˥ʂ ܿʾ ,ɑǘƆʾɑ ܪ̰ ˥ȚȪ˒ ƷƆɱɱʂ˥ ƭǘ ǃʂɱǘ Ȅʂʾ ǘ̝ǘʾ̰
Ȅ � ܪӠ(Ӯ)ڳ� ˒ȪɱƷǘ ʂ˥Țǘʾ̣Ȫ˒ǘ ̣ụ̈́ʂ˺ɑǃ ȚƆ̝ǘR(M�ֈ) = Ӡ(Ӯ)ڳ� Ɔɱǃܪ ˥ȚǘʾǘȄʂʾǘܪ (M�ֈ)−ڲ
̣ʂ˺ɑǃ ƭǘ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ƷȄܿݦ �ǘɩɩƆ ݧڴܿڳ ʂʾ Ȫɱ ʂ˥Țǘʾ ̣ʂʾǃ˒ֈ �� ց(M)ܿ ĊȚ˺˒ ̣ǘ ȚƆ̝ǘ ˥ʂ ʾǘݱ
˒˥ʾȪƷ˥ ʂ˺ʾ˒ǘɑ̝ǘ˒ ˥ʂ Ʒǘʾ˥ƆȪɱ ˒˺ƭ˒ʳƆƷǘ˒ ʂȄ Ӡڳ� ʂʾ ȇǘɱǘʾƆɑȪ̀ǘ ʂ˺ʾ ˒ʂɑ˺˥Ȫʂɱ ƷʂɱƷǘʳ˥ܿ �Ʒ˥˺Ɔɑɑ ܪ̰
̣ǘ ̣Ȫɑɑ ǃʂ ƭʂ˥Ț Ɔɱǃ ˒Țʂ̣ ṷ̈́Ȫ˒˥ǘɱƷǘ Ɔ˒ ̣ǘɑɑ Ɔ˒ ˺ɱȪʹ˺ǘɱǘ˒˒ ʂȄ ̣ǘƆɈǘ ʾܪ ˒ʂݱƷƆɑɑǘǃ ݱʾƆǃȪށ
Ɔ˥Ȫɱȇ ˒ʂɑ˺˥Ȫʂɱ˒ނܪ ƭ̰ ˒̣Ȫ˥ƷȚȪɱȇ ˥ʂ ǃƆ˥Ɔ Ȅ � (Ӯ)˒ڳ� Ȅʂʾ ˒ʂɩǘ ˒ > ܿڳ/ڲ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڶڶڴ

6ǘ͘ɱȪ˥Ȫʂɱ ܿڹܿڴ �ǘ˥ֈ � � \ (ڱ) Ɔɱǃ Ȅ � ܿɑʂƷ(Ӯ)ڳ� ŀǘ ƷƆɑɑ ˺ ݧʾƆǃȪƆ˥Ȫɱȇݦ ˒ʂɑ˺˥Ȫʂɱ ʂȄ ܪݧڳܿڴݦ ȪȄ

˺ � ñ<− ڳڲ ,Әڲ (Ӯ) ◊ ñ<− ڳڲ ,Әڳ (Ӯ)
Ɔɱǃ �¬ � ֈ�˺ = Ȅ , ڱ�Ӡݧڶܿڴݦ +�ղڱպڱ ӣ�˺ � −<ڳ� ڳڲ (Ӯ) . ݧڷܿڴݦ

ñǘɩƆʾɈ ܿںܿڴ ýȪɱƷǘ�Ӡڱ +�ղڱպڱ ӣ�˺ = Ӡڱ�F ��պڱղڱ ռ ◊ v , v +� ղڱպڱ ռ ◊ F� ,
˥Țǘ ɑƆ˒˥ ƷʂɱǃȪ˥Ȫʂɱ Ȫ˒ ɀ˺˒˥ ˥Țǘ ƷɑƆ˒˒ȪƷƆɑ ýȪɑ̝ǘʾݮ¬̃ɑɑǘʾ ʾƆǃȪƆ˥Ȫʂɱ ƷʂɱǃȪ˥Ȫʂɱ ̣ȚȪƷȚ ǃǘݱ
˒ƷʾȪƭǘ˒ ˥Țǘ ƭǘȚƆ̝Ȫʂʾ ʂȄ ˥Țǘ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ȪƷ ͘ǘɑǃ Ɔ˥ Ȫɱ͘ɱȪ˥̰ Ɔɱǃ Ȫ˒ ɱǘǘǃǘǃ ˥ʂ ǃȪ˒ݱ
˥Ȫɱȇ˺Ȫ˒Ț ʂ˺˥ȇʂȪɱȇ Ȅʾʂɩ ȪɱƷʂɩȪɱȇ ̣Ɔ̝ǘ˒ Ȫɱ˥ǘʾƷȚƆɱȇȪɱȇݦ ˒Ȫȇɱ˒ ̣ʂ˺ɑǃ ̰Ȫǘɑǃ ȪɱƷʂɩȪɱȇ
̣Ɔ̝ǘ˒ܿݧ

�ɱ ʂʾǃǘʾ ˥ʂ Ʒʂɱ˒˥ʾ˺Ʒ˥ ˒˺ƷȚ Ɔ ʾƆǃȪƆ˥Ȫɱȇ ˒ʂɑ˺˥Ȫʂɱ ܪ˺ ̣ǘ ˺˒ǘ ˥Țǘ ɑȪɩȪ˥Ȫɱȇށ Ɔƭ˒ʂʾʳ˥Ȫʂɱ
ʳʾȪɱƷȪʳɑǘނ Ȫɱ˥ʾʂǃ˺Ʒǘǃƭ̰FȪǃ˺˒ ƆɱǃƆʳʳʾʂ̭ȪɩƆ˥ǘ˺ƭ̰ ˒ʂɑ˺˥Ȫʂɱ˒ (˺ɱ)ɱ∈� Ɔ˒˒ʂƷȪƆ˥ǘǃ̣Ȫ˥Ț
Ȅʾǘʹ˺ǘɱƷȪǘ˒ (ֈɱ)ɱ∈� � � \ � Ʒʂɱ̝ǘʾȇȪɱȇ ˥ʂ ֈ � � \ ܿ(ڱ) ĊȚȪ˒ ɑǘƆǃ˒ ˥ʂ ˒˥Ɔ˥ǘɩǘɱ˥ (ڵ) ʂȄ
ʂ˺ʾ ɩƆȪɱ ʾǘ˒˺ɑ˥ ĊȚǘʂʾǘɩ ܪڱڲܿڴ ̣Țǘʾǘ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ Ɔƭƭʾǘ̝ȪƆ˥Ȫʂɱ˒ Ɔʾǘ ˺˒ǘǃܩ

Nȇǘɱ(M � ֈ ) := �˺ ���� ˺ Ȫ˒ Ɔ ʾƆǃȪƆ˥Ȫɱȇ ˒ʂɑ˺˥Ȫʂɱ ʂȄ (¬ � ֈ)˺ = �ڱ
ȇǘɱǘʾƆɑȪ̀ǘǃݦ Ɉǘʾɱǘɑ ʂȄM � ֈݧ ,

ցȇǘɱ(M) := �ֈ � � \ (ڱ) ���� Nȇǘɱ(M � ֈ) �= �(ڱ)
ȇǘɱǘʾƆɑȪ̀ǘǃݦ ʳʂȪɱ˥ ˒ʳǘƷ˥ʾ˺ɩ ʂȄMݧ .

ĊȚǘʂʾǘɩ ڱڲܿڴ gʾǘǃȚʂɑɩݦ Ɔɑ˥ǘʾɱƆ˥Ȫ̝ǘܿݧ �ǘ˥Ӯ � ڴ� ƭǘ Ɔɱ ṷ̈́˥ǘʾȪʂʾ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ
̣Ȫ˥Ț ƭʂ˺ɱǃƆʾ̰ Ә Ɔɱǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ƭʂ˺ɱǃƆʾ̰ ʳƆʾ˥˒ Әڲ Ɔɱǃ Әڳ = Ә \ Әܿڲ g˺ʾ˥Țǘʾɩʂʾǘܪ ɑǘ˥
ֈ � � \ (ڱ) Ɔɱǃ ղܪ պ ƭǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ ̣Ȫ˥Ț ո > ܿڲ ĊȚǘɱܩ
ݧڲݦ Nȇǘɱ(M � ֈ ) � �

˥∈� �ñ˥,Әڲ (Ӯ) � ղ−6ڱڲ˥,Әڳ (Ӯ)� ◊ �ñ˥,Әڳ (Ӯ) � պ−6ڱڲ˥,Әڲ (Ӯ)�ܿڴ
ݧڳݦ ǃȪɩNȇǘɱ(M � ֈ ) <�ܿ
ݧڴݦ ցȇǘɱ(M) � � \ (ڱ) Ɔɱǃ ցȇǘɱ(M) ȚƆ˒ ɱʂ ƆƷƷ˺ɩ˺ɑƆ˥Ȫʂɱ ʳʂȪɱ˥ Ȫɱ � \ ܿ(ڱ)
ݧڵݦ gʂʾ Ɔɑɑ Ȅ � <ڳ� ڳڲ (Ӯ) ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ ʾƆǃȪƆ˥Ȫɱȇ ˒ʂɑ˺˥Ȫʂɱ ˺ ʂȄ ܪݧڳܿڴݦ ȪȄ Ɔɱǃ ʂɱɑ̰ ȪȄ� ̝ � Nȇǘɱ(M � ֈ ) : � Ȅ , ̝ Ӡ(Ӯ)ڳ�� = ڱ . ݧڸܿڴݦ

ڴ ŀǘ ǘ̝ǘɱ ȚƆ̝ǘ

Nȇǘɱ(M − ֈ ) ⊂ �
˥∈� �ñ˥,Әڲ (Ӯ) � ղ−ڲ ʾʂ˥ñ˥,Әڳ (Ӯ)� × �ñ˥,Әڳ (Ӯ) � պ−ڲ ʾʂ˥ñ˥,Әڲ (Ӯ)� .
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ڷڶڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

¬ʂʾǘʂ̝ǘ ʾܪ ̣ǘ ƷƆɱ ƷȚʂʂ˒ǘ ˺ ˒˺ƷȚ ˥ȚƆ˥� ̝ � Nȇǘɱ(M � ֈ ) : � ˺ , ̝ Ӡ(Ӯ)ڳ�� = ڱ . ݧڹܿڴݦ

ĊȚǘɱ ˺ Ȫ˒ ˺ɱȪʹ˺ǘɑ̰ ǃǘ˥ǘʾɩȪɱǘǃܿ
ݧڶݦ gʂʾ Ɔɑɑ ˒,�˥ > ܪڳ/ڲ ˥Țǘ ˒ʂɑ˺˥Ȫʂɱ ʂʳǘʾƆ˥ʂʾ

Lֈ : (Ӯ)˒ڳ� � Nȇǘɱ(M � ֈ )⊥Ӡ �� �ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ)� � Nȇǘɱ(M � ֈ )⊥Ӡ
ǃǘ͘ɱǘǃ ƭ̰ (ڵ) Ȫ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ܿ

ñǘɩƆʾɈ ܿڲڲܿڴ ęɱǃǘʾ ˥Țǘ ƷʂɱǃȪ˥Ȫʂɱ˒ ʂȄ ĊȚǘʂʾǘɩ ܪڱڲܿڴ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ˒˥Ɔ˥ǘɩǘɱ˥˒ Ɔʾǘ
ǘʹ˺Ȫ̝Ɔɑǘɱ˥ ˥ʂ ˥Țǘ ƭʂ˺ɱǃǘǃɱǘ˒˒ ʂȄ Lֈ ƷȄܿݦ �ǘɩɩƆ ڴܿڳ Ɔɱǃ ñǘɩƆʾɈ ܩݧڸܿڴ
ݮ ʳṵ̈́˥ݱgʾȪǘǃʾȪƷȚ˒݉êʂȪɱƷƆʾǚݦ ǘ˒˥ȪɩƆ˥ǘݧ gʂʾ Ɔɑɑ ˥�ܪ˒ > ܪڳ/ڲ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ʒ > ڱ ˒˺ƷȚ ˥ȚƆ˥�˺�ñ˥(Ӯ) � Ʒ � �����¬ � ֈ�˺ڳ�����˒(Ӯ)

Țʂɑǃ˒ Ȅʂʾ Ɔɑɑ ˺ � �ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ)� � Nȇǘɱ(M � ֈ)⊥Ӡ ˒Ɔ˥Ȫ˒Ḛ̏Ȫɱȇ ˥Țǘ ʾƆǃȪƆ˥Ȫʂɱ
ƷʂɱǃȪ˥Ȫʂɱܿ

ݮ ɑʂ˒ǘǃ,ݦ ʾƆɱȇǘݧ gʂʾ Ɔɑɑ ˒,�˥ > ܪڳ/ڲ ˥Țǘ ʾƆɱȇǘ
R(M � ֈ) = �M � ֈ��ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ)�

Ȫ˒ Ʒɑʂ˒ǘǃ Ȫɱ ܿ(Ӯ)˒ڳ�
%̰ ˥Țǘ ˒Ɔɩǘ ȪɱǃȪʾǘƷ˥ Ɔʾȇ˺ɩǘɱ˥˒ Ɔ˒ Ȫɱ ܪڶڲݚ ,ʂʾʂɑɑƆʾ̰ ݛںܿڴ ǘǘ˒ݦ Ɔɑ˒ʂ ܪڵڲݚ ýǘƷ˥Ȫʂɱ ܪݧݛںܿڵ

̣ǘ ȇǘ˥ ǘ̝ǘɱ ˒˥ʾʂɱȇǘʾ ǘ˒˥ȪɩƆ˥ǘ˒ Ȅʂʾ ˥Țǘ ˒ʂɑ˺˥Ȫʂɱ ʂʳǘʾƆ˥ʂʾ Lֈܿ

,ʂʾʂɑɑƆʾ̰ ܿڳڲܿڴ �ǘ˥ Ӯ � ڴ� ƭǘ Ɔɱ ṷ̈́˥ǘʾȪʂʾ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ ̣Ȫ˥Ț ƭʂ˺ɱǃƆʾ̰ Ә Ɔɱǃ
̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ƭʂ˺ɱǃƆʾ̰ ʳƆʾ˥˒ Әڲ Ɔɱǃ Әڳ := Ә \ Әܿڲ g˺ʾ˥Țǘʾɩʂʾǘܪ ɑǘ˥ ˒,�˥ > ܪڳ/ڲ ղܪ պ ƭǘ
ոݱƆǃɩȪ˒˒Ȫƭɑǘ ̣Ȫ˥Ț ո > ڲ Ɔɱǃ � � �+ \ (ڱ) ̣Ȫ˥Ț � � ցȇǘɱ(M) = �ܿ ĊȚǘɱܩ
ݧڲݦ ĊȚǘʾǘ ṷ̈́Ȫ˒˥ Ʒʂɱ˒˥Ɔɱ˥˒ Ʒ > ڱ Ɔɱǃ �˥ > ڳ/ڲ� ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ ֈ � � Ɔɱǃ Ȅ � �LֈȄ(Ӯ)˒ڳ� �ñ˥(Ӯ) + �����Ӡڱ +�ղڱպڱ ӣ�LֈȄ ڳ����� �˥(Ӯ) � Ʒ � �Ȅ (Ӯ)˒ڳ��

Țʂɑǃ˒ܪ Ȫɩʳɑ̰Ȫɱȇ ˥ȚƆ˥ Lֈ : (Ӯ)˒ڳ� �� ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ) Ȫ˒ ǘʹ˺ȪƷʂɱ˥Ȫɱ˺ʂ˺˒ ̣ܿ ʾܿ ˥ܿ
ֈ � �ܿ

ݧڳݦ ĊȚǘ ɩƆʳʳȪɱȇ

L : � �� (Ӯ)˒ڳ��% ,ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ)�
ֈ ��� Lֈ

Ȫ˒ ˺ɱȪȄʂʾɩɑ̰ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ܿ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڸڶڴ

ۉ êʂɑ̰ɱʂɩȪƆɑ ǃǘƷƆ̰ Ɔɱǃ Ɔ ʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘ
�˒ ˒˥Ɔ˥ǘǃ ƭǘȄʂʾǘܪ ̣ǘ ̣Ȫɑɑ Ʒʂɱ˒˥ʾ˺Ʒ˥ Ɔ ˒ʂɑ˺˥Ȫʂɱ ˺ Ȫɱ ˥Țǘ ƷƆ˒ǘ ʂȄ ֈ � � \ (ڱ) ƭ̰ ˒ʂɑ̝Ȫɱȇ
ݧڳܿڴݦ Ȅʂʾֈɱ = ֈ+ Ȫցɱ � �+\� Ɔɱǃ ˒ǘɱǃȪɱȇ ցɱ �� ڱ Ȫɱȇ˒˺ݦ (ֈɱ)ɱ∈� � �− \� Ȫɱ˒˥ǘƆǃ̣Ȫɑɑ
ɑǘƆǃ ˥ʂ ނȪɱƷʂɩȪɱȇށ ˒ʂɑ˺˥Ȫʂɱ˒ܿݧ ĊȚǘ ǘ˒˒ǘɱ˥ȪƆɑ ȪɱȇʾǘǃȪǘɱ˥˒ ˥ʂ ȇǘɱǘʾƆ˥ǘ Ʒʂɱ̝ǘʾȇǘɱƷǘ Ɔʾǘ
˥Țǘ ʳʂɑ̰ɱʂɩȪƆɑ ǃǘƷƆ̰ ʂȄ ǘȪȇǘɱ˒ʂɑ˺˥Ȫʂɱ˒ܪ Ɔɱ Ɔ ʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘ Ȅʂʾ ˒ʂɑ˺˥Ȫʂɱ˒ Ʒʂʾʾǘ˒ʳʂɱǃݱ
Ȫɱȇ ˥ʂ ɱʂɱʾǘƆɑ Ȅʾǘʹ˺ǘɱƷȪǘ˒ Ɔɱǃ ŀǘƷɈކ˒ ɑʂƷƆɑ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܿ ŀȚȪɑǘ ˥Țǘ ɑƆ˥˥ǘʾ ʂɱǘ Ȫ˒
ƆɑʾǘƆǃ̰ ˒Ɔ˥Ȫ˒͘ǘǃ ƷȄܿݦ ĊȚǘʂʾǘɩ ܪݧڵܿڴ ̣ǘ ʂƭ˥ƆȪɱ ˥Țǘ ͘ʾ˒˥ ˥̣ʂ Ȫɱ ˥Țǘ ˒ʳȪʾȪ˥ ʂȄ ݛڸڳݚ ˺˒Ȫɱȇ ˥Țǘ
Ȅʂɑɑʂ̣Ȫɱȇ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ �ǘɩɩƆ Ȫɱ˥ʾʂǃ˺Ʒǘǃ Ȫɱ ݛڵڲݚ ǘǘ˒ݦ Ɔɑ˒ʂ ܪڶڲݚ ܿݧݛڷڲ

�ǘɩɩƆ ܿڲܿڵ �ǘ˥ ֈ � � � � \ ܪ(ڱ) ղܪ պ ƭǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ ̣Ȫ˥Ț ո � ڱ Ɔɱǃ ˒, ˥ � � ˒˺ƷȚ ˥ȚƆ˥
ڱ � ˒ � � \ � Ɔɱǃ ˥ � ˒ � ˥ + ոܿ ¬ʂʾǘʂ̝ǘ ʾܪ Ɔ˒˒˺ɩǘ ˥ȚƆ˥ ˺ � ñ˥(Ӯ) ˒Ɔ˥Ȫ˒͘ǘ˒ ˥Țǘ ǘʹ˺Ɔ˥Ȫʂɱ(¬ � ֈ) ˺ = Ȅ � ܿ(Ӯ)˒ڳ� ĊȚǘɱ

Ȅڲ := �,ñʂ˥, �մ � Ȫֈ �մ �Ӡ�˺ � Ȫ �մӠȄ � ˒ڳ�
Ɔɱǃܪ ƭ̰ ǃǘƷʂɩʳʂ˒Ȫɱȇ

Ȅڲ = Ȅñ + Ȅ6 + ȄS � ˒ñڱ � ˒6ڱ � S˒
ƆƷƷʂʾǃȪɱȇ ˥ʂ ܪڷڳݚ ĊȚǘʂʾǘɩ ܪݛڵ Ȫ˥ Țʂɑǃ˒

Ȅڳ := Ȅ6 + Ȫ
ֈ
�Ӡڱ
ڲ− ñʂ˥ ȄS � ˒6ڱ .

�ǃǃȪ˥ȪʂɱƆɑɑ ܪ̰ ˺ ɩƆ̰ ƭǘ ǃǘƷʂɩʳʂ˒ǘǃ Ȫɱ˥ʂ

˺ = մ˺ + ڲ˺ + ڳ˺ + ڴ˺ ,
̣Țǘʾǘ
ݧڲݦ մ˺ � ñ̝ʂ̭(Ӯ) Ɔɱǃ Ȅʂʾ Ɔɑɑ �˥ � ��մ˺�ñ �˥(Ӯ) � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� � ;
ݧڳݦ ڲ˺ := � ȪֈӠ−ڱڲ �Ȅñ + ȄS� � ñ˒ Ɔɱǃ ˒�ñڲ˺� � Ʒ � �Ȅڳ��ڲ˒ ;
ݧڴݦ ڳ˺ := F−ڲ�տ−ڲ�ڳ � Ȫʾӣ�F(Ȅڳ)� � vڲ˒ � ˒6ڱ Ɔɱǃ�˺ڳ�vڲ˒ � Ʒ � �Ȅڳ��ڳ˒ ;
ݧڵݦ ڴ˺ := �˺ � ڳ˺ � vڳ˥ � ˥6ڱ Ɔɱǃ Ȅʂʾ Ɔɑɑ �˥ � ˥�ڳ�vڴ˺�˥ � Ʒ � � ڳ��ڴ˺� �˥ + ˥�ڲ�vڳ˺� � ,

̣Țǘʾǘ �˺ := Ȫֈ−ڲӠ−ڱڲ �ñʂ˥ �մ˺ � Ȅ6� � vڲ˥ � ˥6ڱ
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ڹڶڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

̣Ȫ˥Ț Ʒʂɱ˒˥Ɔɱ˥˒ Ʒ � (�,ڱ) Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ܪ˺ Ȅ ʂʾ ֈܿ ĊȚǘ˒ǘ ͘ǘɑǃ˒ ˒ʂɑ̝ǘ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ǘʹ˺Ɔݱ
˥Ȫʂɱ˒ܩ�ñʂ˥ + ȪֈӠڱ� �մ˺ = Ȅڲ , �ñʂ˥ + ȪֈӠڱ� �˺ = Ȅڳ , �ñʂ˥ + ȪֈӠڴ˺�ڱ = ڲ� � ֈӠڳ˺�ڱ ,�ә + ֈڳղڱպڴ˺�ڱ = ڲ� � Ȫֈ�Ӡڱ�Ȅڳ � ڲ� + ֈڳղڱպڳ˺�ڱ .
¬ʂʾǘʂ̝ǘ ʾܪ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ǘ˒˥ȪɩƆ˥ǘ˒ Țʂɑǃ Ȅʂʾ Ɔɑɑ �˥ � ˥ Ɔɱǃ ˺ɱȪȄʂʾɩɑ̰ ̣ܿ ʾܿ ˥ܿ չ � ܪ� ˺ Ɔɱǃ Ȅ ܩ
ݮ �Ȅڳ��ڳ˒ � Ʒ � �Ȅڳ��ڲ˒ � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� �
ݮ �˺�ñ �˥(Ӯ) � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� + ڳ��ڴ˺� �˥ �
ݮ ������ә + ֈڳղڱպڳ������ڴ˺�ڱ˒ � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� �
ݮ �����ñʂ˥ � Ȫչ�ղڱպڱ ӣ�˺ڳ����� �˥ � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� + �����ñʂ˥ � Ȫչ�ղڱպڱ ӣ�˺ڳ�����ڴ �˥ �
vǘʾǘܪ S˒ Ȫ˒ Ɔ ͘ɱȪ˥ǘ ǃȪɩǘɱ˒ȪʂɱƆɑ ˒˺ƭ˒ʳƆƷǘ ʂȄ ܪ(ڴ�)∞,� F ˥Țǘ gʂ˺ʾȪǘʾ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ Ɔɱǃ

,�,% := �% � %�
˥Țǘ Ʒʂɩɩ˺˥Ɔ˥ʂʾ ʂȄ � Ɔɱǃ %ܿ

%Ɔ˒ȪƷƆɑɑ ܪ̰ ˥ȚȪ˒ ɑǘɩɩƆ Ɔɑɑʂ̣˒ ˺˒ ˥ʂ ˒ʳɑȪ˥ ˺ Ȫɱ˥ʂ ˥̣ʂ ʳƆʾ˥˒ܿ Àɱǘ ʳƆʾ˥ Ʒʂɱ˒Ȫ˒˥Ȫɱȇݦ ʂȄ
մ˺ܪ ڲ˺ Ɔɱǃ ݧڳ˺ ȚƆ˒ ƭǘ˥˥ǘʾ Ȫɱ˥ǘȇʾƆƭȪɑȪ˥̰ ʳʾʂʳǘʾ˥Ȫǘ˒ Ɔɱǃ ˥Țǘ ʂ˥Țǘʾ ʳƆʾ˥ Ʒʂɱ˒Ȫ˒˥Ȫɱȇݦ ʂȄ ݧڴ˺
Ȫ˒ɩʂʾǘ ʾǘȇ˺ɑƆʾ Ɔɱǃ ˒Ɔ˥Ȫ˒͘ǘ˒ Ɔ vǘɑɩȚʂɑ˥̀ ǘʹ˺Ɔ˥Ȫʂɱ Ȫɱ ˥Țụ̈́Țʂɑǘ ʂȄܿڴ� ĊȚ˺˒̣ǘ ƷƆɱ ˺˒ǘ
̣ǘɑɑݱɈɱʂ̣ɱ ʾǘ˒˺ɑ˥˒ Ȅʾʂɩ ˥Țǘ ˥Țǘʂʾ̰ ȄʂʾvǘɑɩȚʂɑ˥̀ ǘʹ˺Ɔ˥Ȫʂɱ ƷȄܿݦ �ʳʳǘɱǃȪ̭ܪ ýǘƷ˥Ȫʂɱ%ݧ ˥ʂ
ǘ˒˥ƆƭɑȪ˒Ț Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ܿŀǘ ˒˥Ɔʾ˥ ̣Ȫ˥Ț ˥Țǘ ʳʂɑ̰ɱʂɩȪƆɑ
ǃǘƷƆ̰ ʂȄ ˒ʂɑ˺˥Ȫʂɱ˒ܪ ǘ˒ʳǘƷȪƆɑɑ̰ ʂȄ ǘȪȇǘɱ˒ʂɑ˺˥Ȫʂɱ˒ܪ ̣ȚȪƷȚ ̣Ȫɑɑ ɑǘƆǃ ˥ʂ Ɔ˒˒ǘʾ˥Ȫʂɱ˒ (ڴ)ݮ(ڲ)
ʂȄ ʂ˺ʾ ɩƆȪɱ ˥Țǘʂʾǘɩܿ ¬ʂʾǘʂ̝ǘ ʾܪ ˥ȚȪ˒ ̣Ȫɑɑ Ɔɑ˒ʂ ˒Țʂ ܪ̣ ˥ȚƆ˥ ˥Țǘ ˒ʂɑ˺˥Ȫʂɱ ˺ ̣ǘ Ɔʾǘ ȇʂȪɱȇ
˥ʂ Ʒʂɱ˒˥ʾ˺Ʒ˥ܪ ƷƆɱ ƭǘ ƷȚʂ˒ǘɱ ˥ʂ ƭǘ ʳǘʾʳǘɱǃȪƷ˺ɑƆʾ ˥ʂ ˥Țǘ ȇǘɱǘʾƆɑȪ̀ǘǃ Ɉǘʾɱǘɑ ʂȄ ˥Țǘ ˥Ȫɩǘݱ
ȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ʂʳǘʾƆ˥ʂ ܿʾ �˒ Ȫɱ ˥Țǘ ʳʾʂʂȄ ʂȄ ܪڷڲݚ ĊȚǘʂʾǘɩ ܪݛڳܿڵ ̣ǘ ʂƭ˥ƆȪɱ ǘǘ˒ݦ Ɔɑ˒ʂ
�ʳʳǘɱǃȪ̭ܪ ýǘƷ˥Ȫʂɱ ݧ, ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇܿ

�ǘɩɩƆ ڳܿڵ êʂɑ̰ɱʂɩȪƆɑݦ ǃǘƷƆ̰ ʂȄ ˒ʂɑ˺˥Ȫʂɱ˒ܿݧ �ǘ˥ � � � \ (ڱ) ƭǘ ˒ʂɩǘ Ȫɱ˥ǘʾ̝Ɔɑܪ ֈ � ܪ� ղܪ
պ ƭǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ ̣Ȫ˥Ț ո > ܪڲ Ɔɱǃ ˒ � � \ � ̣Ȫ˥Ț ˒ > ܿڳ/ڲ �Ȅ

˺ � ñ>− ڳڲ (Ӯ) ˒Ɔ˥Ȫ˒͘ǘ˒ �¬ � ֈ�˺ =: Ȅ � (Ӯ)˒ڳ� ,
˥Țǘɱ

˺ � ñ˒−ڲ(Ӯ) Ɔɱǃ �˺�ñ˒−ڲ(Ӯ) � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + (Ӯ(ձ))ڳ��˺� � ,
̣Ȫ˥Ț Ʒ, ձ � (�,ڱ) Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ֈܪ ˺ Ɔɱǃ Ȅ ܿ

�ɱ ˒Țʂʾ˥ܩ �Ȅ Ɔ ˒ʂɑ˺˥Ȫʂɱ ˺ ˒Ɔ˥Ȫ˒͘ǘ˒ ˺ � ñ˥(Ӯ) Ȅʂʾ ˒ʂɩǘ ˥ > ڳ/ڲ� Ɔɱǃ ˥Țǘ ʾȪȇȚ˥ݱȚƆɱǃ ˒Ȫǃǘ
Ȅ = �¬ � ֈ�˺ ȚƆ˒ ƭǘ˥˥ǘʾ Ȫɱ˥ǘȇʾƆƭȪɑȪ˥̰ ʳʾʂʳǘʾ˥Ȫǘ˒ܪ ɩǘƆɱȪɱȇ Ȅ � (Ӯ)˒ڳ� Ȅʂʾ ˒ʂɩǘ ˒ > ܪڳ/ڲ
˥Țǘɱ Ɔɑ˒ʂ ˺ Ȫ˒ ƭǘ˥˥ǘʾ Ȫɱ˥ǘȇʾƆƭɑǘܪ Ȫܿ ǘܿܪ ˺ � ñ˒−ڲ(Ӯ)ܿ F˒ʳǘƷȪƆɑɑ ܪ̰ ȪȄ

˺ � ñ>− ڳڲ (Ӯ) Ɔɱǃ Ȅ � (Ӯ)˒ڳ� � ˒ � � ,
˥Țǘɱ ˺ � ñ˒(Ӯ) Ȅʂʾ Ɔɑɑ ˒ � ܪ� ̣ȚȪƷȚ Ȫ˒ ƷƆɑɑǘǃ ʳʂɑ̰ɱʂɩȪƆɑށ ǃǘƷƆ̰ܿ ނ
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,ʂʾʂɑɑƆʾ̰ ܿڴܿڵ �ǘ˥ ֈ � � \ (ڱ) Ɔɱǃ Ɔ˒˒˺ɩǘ ղܪ պ ˥ʂ ƭǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ ̣Ȫ˥Ț ո > ڲ Ɔɱǃ
˺ � ñ<− ڳڲ ,Әڲ (Ӯ) ◊ ñ<− ڳڲ ,Әڳ (Ӯ)

˥ʂ ƭǘ Ɔ ʾƆǃȪƆ˥Ȫɱȇ ˒ʂɑ˺˥Ȫʂɱ ƷȄܿݦ 6ǘ͘ɱȪ˥Ȫʂɱ ݧڹܿڴ ʂȄ (M � ֈ)˺ = ܿڱ ĊȚǘɱܩ
˺ � �

˥∈� �ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ)� .
êʾʂʂȄܿ �ƷƷʂʾǃȪɱȇ ˥ʂ �ǘɩɩƆ ܪڳܿڵ Ȫ˥ ˒˺͎Ʒǘ˒ ˥ʂ ˒Țʂ̣ ˺ � ñ˥(Ӯ) Ȅʂʾ ˒ʂɩǘ ˥ > ܿڳ/ڲ� ĊȚǘʾǘݱ
Ȅʂʾǘܪ ʾǘɩǘɩƭǘʾ ˥ȚƆ˥ ˺ Ȫ˒ Ɔ ʾƆǃȪƆ˥Ȫɱȇ ˒ʂɑ˺˥Ȫʂɱܪ ˥Țǘ ʾƆǃȪƆ˥Ȫʂɱ ƷʂɱǃȪ˥Ȫʂɱ ݧڷܿڴݦ Țʂɑǃ˒ Ɔɱǃ
˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ �˥ > ڳ/ڲ� ˒˺ƷȚ ˥ȚƆ˥ �Ӡڱ +�ղڱպڱ ӣ�˺ � ڳ� �˥(Ӯ) . ݧڲܿڵݦ

Àɱ ˥Țǘ ʂ˥Țǘʾ ȚƆɱǃܪ ̣ǘ ȚƆ̝ǘ�����Ӡڱ +�ղڱպڱ ӣ�˺ڳ�ڳ���� �˥(j(ʾڱ , ̃ʾ))= �Ӡڳ�ڳ�˺ڱ �˥(j(ʾڱ , ̃ʾ)) + ڱպڱ�ղڳ ñǘ �ӣ ˺ ,Ӡڱ˺ ڳ�� �˥(j(ʾڱ , ̃ʾ)) + ղڱպڱ �ӣ ڳ�ڳ�˺ �˥(j(ʾڱ , ̃ʾ))
Ɔɱǃ ˺˒Ȫɱȇ �ǘɩɩƆ ڴܿ� ƷȄܿݦ �ʳʳǘɱǃȪ̭ܪ ýǘƷ˥Ȫʂɱ ݧ� ̣Ȫ˥Ț

֢(˒) := ڲ) + (ڳ˒ �˥ , ӫ := ֢ � ʾ, և(ց) = ̃ʾ�
ɩƆ̭{ʾڱ ,ց} ֢(ւ) ǃւ, ӭ = և � ʾ ,

Ɔ˒ ̣ǘɑɑ Ɔ˒ ˥Țǘ ǃȪ͍ǘʾǘɱ˥ȪƆɑ ǘʹ˺Ɔ˥Ȫʂɱܪ ̣ǘ ƷʂɱƷɑ˺ǃǘ

ñǘ �ӣ ˺ ,Ӡڱ˺ ڳ�� �˥(j(ʾڱ , ̃ʾ)) = ñǘ �ӫӣ ˺ ,Ӡڱ˺ ڱj(ʾ)ڳ�� , ̃ʾ))= ñǘ ��ӭñʂ˥ ˺ ,Ӡڱ˺ )Ӯ)ڳ�� ̃ʾ)) + �ӭ˺ , �Ӡڱ ñʂ˥ ˺ )Ӯ)ڳ�� ̃ʾ))�= ñǘ ���ȪֈӭӠ˺ ,Ӡڱ˺ )Ӯ)ڳ�� ̃ʾ)) + �ӭ˺ ,�Ȫֈ�ӠڱӠ˺ )Ӯ)ڳ�� ̃ʾ))�= ñǘ Ȫֈ�ӭӠ˺ , ��Ӡڱ � Ӡڱ�˺ )Ӯ)ڳ�� ̃ʾ))�������������������������������������������������������∈Ȫ� = ڱ ,
ȚǘɱƷǘ ڳ��˺� �˥(j(ʾڱ , ̃ʾ)) � Ʒ � �����Ӡڱ +�ղڱպڱ ӣ�˺ڳ����� �˥(j(ʾڱ , ̃ʾ))
̣Ȫ˥Ț Ʒ � (�,ڱ) Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ �ʾܿ ±ʂ̣ ˥Țǘ ɩʂɱʂ˥ʂɱǘ Ʒʂɱ̝ǘʾȇǘɱƷǘ ˥Țǘʂʾǘɩ Ɔɱǃ ݧڲܿڵݦ
˒Țʂ̣ ڳ��˺� �˥(qę(ʾڱ)) � Ʒ � �����Ӡڱ +�ղڱպڱ ӣ�˺ڳ����� �˥(qę(ʾڱ)) <� ,
̣ȚȪƷȚ ƆɑʾǘƆǃ̰ ȪɩʳɑȪǘ˒ ˺ � ڳ� �˥(Ӯ) Ɔɱǃ Ʒʂɩʳɑǘ˥ǘ˒ ˥Țǘ ʳʾʂʂȄܿ
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ڱڷڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

ĊȚǘ ɱṷ̈́˥ ˒˥ǘʳ Ȫ˒ Ɔɱ Ɔ ʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘ Ȅʂʾ ˒ʂɑ˺˥Ȫʂɱ˒ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ˥ʂ ɱʂɱʾǘƆɑ Ȅʾǘݱ
ʹ˺ǘɱƷȪǘ˒ܪ ̣ȚȪƷȚ̣Ȫɑɑ ɑƆ˥ǘʾ ȇ˺ƆʾƆɱ˥ǘǘ ˥ȚƆ˥ ʂ˺ʾ ˒ʂɑ˺˥Ȫʂɱ ˒Ɔ˥Ȫ˒͘ǘ˒ ˥Țǘ ʾƆǃȪƆ˥Ȫʂɱ ƷʂɱǃȪ˥Ȫʂɱ
ݧڷܿڴݦ Ɔɱǃ ȚƆ˒ ˥Țǘ ʳʾʂʳǘʾ Ȫɱ˥ǘȇʾƆƭȪɑȪ˥̰ܿ ĊȚǘ ʳʾʂʂȄ ʂȄ Ȫ˥ Ȫ˒ ʳʾƆƷ˥ȪƷƆɑɑ̰ Ȫǃǘɱ˥ȪƷƆɑ ̣Ȫ˥Ț ˥Țǘ
ʳʾʂʂȄ ʂȄ ܪڷڲݚ �ǘɩɩƆ ݛڴܿڷ ƷȄܿݦ �ʳʳǘɱǃȪ̭ܪ ýǘƷ˥Ȫʂɱ ܿݧ,

�ǘɩɩƆ ڵܿڵ �ݦ ʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘ Ȅʂʾ ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ܿݧ �ǘ˥ � � � \ (ڱ) ƭǘ ˒ʂɩǘ Ȫɱݱ
˥ǘʾ̝Ɔɑܪ ܪ˥� ˒ > ڳ/ڲ Ɔɱǃ ղܪ պ ƭǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ ̣Ȫ˥Ț ո > ܿڲ ĊȚǘɱ ˥Țǘʾǘ ṷ̈́Ȫ˒˥ Ʒʂɱ˒˥Ɔɱ˥˒
Ʒ, ձ � (�,ڱ) Ɔɱǃ ˒ʂɩǘ �˥ > ܪڳ/ڲ� ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ ֈ � �+ ̣Ȫ˥Ț ֈڳ = չڳ + Ȫչցܪ չ � ܪ�
ց � ڲ−ڱպڱ�ղ,ڱ� � Ɔɱǃ Ȅ � �LֈȄ(Ӯ)˒ڳ� �ñ˥(Ӯ) + �����Ӡڱ +�ղڱպڱ ӣ�LֈȄ ڳ����� �˥(Ӯ) � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + �LֈȄ (Ӯ(ձ))ڳ�� � .
ۊ êʾʂʂȄ ʂȄ ˥Țǘ ɩƆȪɱ ʾǘ˒˺ɑ˥
%ǘȄʂʾǘ ̣ǘ ˒˥Ɔʾ˥ ̣Ȫ˥Ț ˥Țǘ ʳʾʂʂȄ ʂȄ ĊȚǘʂʾǘɩ ܪڱڲܿڴ ̣ǘ ʳʾʂ̝Ȫǃǘ ˒ʂɩǘ vǘɑɩȚʂɑ˥̀ݱ˥̰ʳǘ
ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ܪ ̣ȚȪƷȚ ̣Ȫɑɑ ƭǘ ˺˒ǘȄ˺ɑ Ȫɱ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇܿ ĊȚǘ˒ǘ Ɔʾǘ ȪɩɩǘǃȪƆ˥ǘ Ʒʂɱ˒ǘݱ
ʹ˺ǘɱƷǘ˒ ʂȄ ˥Țǘ ʳʾʂɀǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ Ɔɱǃ �ǘɩɩƆ ܿڳܿڳ

�ǘɩɩƆ ܿڲܿڶ �˥ Țʂɑǃ˒

ղ(Ӯ)ڳ� = �vڲӘڲ (Ӯ) �ղ ղ−6ڱڲӘڳ (Ӯ) ,
պ(Ӯ)ڳ� = �vڲӘڳ (Ӯ) �պ պ−6ڱڲӘڲ (Ӯ) ,
ñӘڲ (Ӯ) = �vڲӘڲ (Ӯ) �ղ �ñӘڲ (Ӯ) � ղ−6ڱڲӘڳ (Ӯ)� ,
ñӘڳ (Ӯ) = �vڲӘڳ (Ӯ) �պ �ñӘڳ (Ӯ) � պ−6ڱڲӘڲ (Ӯ)� ,

̣Țǘʾǘ ˥Țǘ Ʒɑʂ˒˺ʾǘ˒ Ɔʾǘ ˥ƆɈǘɱ Ȫɱ ܿ(Ӯ)ڳ�
êʾʂʂȄܿ �ǘ˥ հ � {ղ, պ} Ɔɱǃ Ȫ, ɀ � ,ڲ} {ڳ ̣Ȫ˥Ț Ȫ �= ɀܿ ĊȚǘ ɑȪɱǘƆʾ ʂʳǘʾƆ˥ʂʾ�Ȫ : vڲӘȪ (Ӯ) � (Ӯ)ڳ� �� հ(Ӯ)ڳ�
Ȫ˒ ǃǘɱ˒ǘɑ̰ ǃǘ͘ɱǘǃ Ɔɱǃ Ʒɑʂ˒ǘǃ ̣Ȫ˥Ț ƆǃɀʂȪɱ˥ ƷȄܿݦ �ǘɩɩƆ �ǃȪ̝ɀݧڳܿڳ հ : հ−6ڲӘɀ (Ӯ) � հ(Ӯ)ڳ� �� (Ӯ)ڳ� .
ĊȚǘ ʳʾʂɀǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ̰Ȫǘɑǃ˒

հ(Ӯ)ڳ� = R(�Ȫ) �հ N (ǃȪ̝ɀ հ) .
ĊȚǘ ʾǘɩƆȪɱȪɱȇ Ɔ˒˒ǘʾ˥Ȫʂɱ Ȅʂɑɑʂ̣˒ ƭ̰ �vڲӘȪ (Ӯ) � ñӘȪ (Ӯ)ܿ
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êʾʂʂȄ ʂȄ ĊȚǘʂʾǘɩ ܿڱڲܿڴ �ǘ˥ ֈ � � \ (ڱ) Ɔɱǃ ղܪ պ ƭǘ ոݱƆǃɩȪ˒˒Ȫƭɑǘ Ȅʂʾ ˒ʂɩǘ ո > ܩ(ڲ)ܿڲ ĊȚǘ Ɔ˒˒ǘʾ˥Ȫʂɱ Ȅʂɑɑʂ̣˒ ƭ̰ ,ʂʾʂɑɑƆʾ̰ ڴܿڵ Ɔɱǃ ˥Țǘ ǃȪ͍ǘʾǘɱ˥ȪƆɑ ǘʹ˺Ɔ˥Ȫʂɱ�¬ � ֈ� ˺ = ڱ �� ˺ = Ȫֈ−ڲӠ−ڲ ñʂ˥ ˺ ,
˺˒Ȫɱȇ ˥Țǘ ȄƆƷ˥ ˥ȚƆ˥ ƷȄܿݦ �ǘɩɩƆ ݧڳܿڳ

ʾʂ˥ñ˥,Әڲ (Ӯ) � ڲӘ,˥6ڱ (Ӯ) ʾǘ˒ʳܿ ʾʂ˥ñ˥,Әڳ (Ӯ) � ڳӘ,˥6ڱ (Ӯ) ܩ(ڳ). �˒˒˺ɩǘ ǃȪɩNȇǘɱ(M � ֈ ) = �ܿ ę˒Ȫɱȇ ݧڲݦ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ ʂʾ˥ȚʂɱʂʾɩƆɑݱӠڳ� ˒ǘݱ
ʹ˺ǘɱƷǘ (˺ɱ)ɱ∈� � Nȇǘɱ(M � ֈ ) Ʒʂɱ̝ǘʾȇȪɱȇ ̣ǘƆɈɑ̰ Ȫɱ (Ӯ)ڳ� ˥ʂ ܿڱ %̰ ˥Țǘ ǃȪ͍ǘʾǘɱ˥ȪƆɑ
ǘʹ˺Ɔ˥Ȫʂɱ ˥ȚȪ˒ ˒ǘʹ˺ǘɱƷǘ Ȫ˒ ƭʂ˺ɱǃǘǃ Ȫɱ�ñӘڲ (Ӯ) � ղ−6ڱڲӘڳ (Ӯ)� ◊ �ñӘڳ (Ӯ) � պ−6ڱڲӘڲ (Ӯ)�.
vǘɱƷǘܪ ǃ˺ǘ ˥ʂŀǘƷɈކ˒ ɑʂƷƆɑ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ̣ܪǘƷƆɱƷȚʂʂ˒ǘƆ ˒˺ƭ˒ǘʹ˺ǘɱƷǘܪ (˺վ(ɱ))ɱ∈�
Ʒʂɱ̝ǘʾȇȪɱȇ ˥ʂ ڱ Ȫɱ ɑʂƷ(Ӯ)ڳ� �∋ɱ(վ(ɱ)˺)ݦ Ɔɑ˒ʂ Ʒʂɱ̝ǘʾȇǘ˒ ̣ǘƆɈɑ̰ ʂɱ ǘ̝ǘʾ̰ ƭʂ˺ɱǃǘǃ ˒˺ƭݱ
˒ǘ˥ܿݧ ±ʂ̣ ɑǘ˥ ڲ < ˒ � � \ �ܿ ĊȚǘɱ �ǘɩɩƆ ڳܿڵ ȇ˺ƆʾƆɱ˥ǘǘ˒ ˥Țǘ ṷ̈́Ȫ˒˥ǘɱƷǘ ʂȄ Ʒ, ձ � (�,ڱ)
Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ (˺վ(ɱ))ɱ∈� ˒˺ƷȚ ˥ȚƆ˥

ڲ = ����˺վ(ɱ)ڳ�����Ӡ(Ӯ) � Ʒ � ����˺վ(ɱ)����ñ˒−ڲ(Ӯ) � Ʒ � ����˺վ(ɱ)ڳ�����(Ӯ(ձ)) ɱ�∞������� ڱ

Țʂɑǃ˒݈ Ɔ Ʒʂɱ˥ʾƆǃȪƷ˥Ȫʂɱܿ(ڴ)ܩM Ȫ˒ Ɔ ˒ǘɑȄݱƆǃɀʂȪɱ˥ ʂʳǘʾƆ˥ʂ ʾܪ ȚǘɱƷǘ ̣ǘ ƷɑǘƆʾɑ̰ ȚƆ̝ǘ ցȇǘɱ(M) � �\ ܿ(ڱ) ±ʂ̣ Ɔ˒ݱ
˒˺ɩǘ �ֈ � (ڱ)\� Ȫ˒ Ɔɱ ƆƷƷ˺ɩ˺ɑƆ˥Ȫʂɱ ʳʂȪɱ˥ ʂȄ ցȇǘɱ(M)ܿ ĊȚǘɱ̣ǘ ƷƆɱ ƷȚʂʂ˒ǘ Ɔ ˒ǘʹ˺ǘɱƷǘ(ֈɱ)ɱ∈� � � \ (ڱ) ̣Ȫ˥Ț ֈɱ �= ֈɩ Ȅʂʾ ɱ �= ɩܪ ֈɱ �� �ֈ Ɔɱǃ Ɔ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ˒ǘʹ˺ǘɱƷǘ(˺ɱ)ɱ∈� ̣Ȫ˥Ț ˺ɱ � Nȇǘɱ(M�ֈɱ ) \ ܿ(ڱ) �˒M Ȫ˒ ˒ǘɑȄݱƆǃɀʂȪɱ˥ܪ ǘȪȇǘɱ̝ǘƷ˥ʂʾ˒ Ɔ˒˒ʂƷȪƆ˥ǘǃ ˥ʂ
ǃȪ͍ǘʾǘɱ˥ ǘȪȇǘɱ̝Ɔɑ˺ǘ˒ Ɔʾǘ ʂʾ˥ȚʂȇʂɱƆɑ ʳʾʂ̝Ȫǃǘǃ ˥Țṵ̈́ Ɔʾǘ ̣ǘɑɑ ǘɱʂ˺ȇȚ Ȫɱ˥ǘȇʾƆƭɑǘ ȚȪƷȚ̣ݦ
Ȫ˒ ȇȪ̝ǘɱ ƭ̰ ܪݧ(ڲ) Ɔɱǃ ˥Ț˺˒ ƭ̰ ɱʂʾɩƆɑȪ̀Ȫɱȇ (˺ɱ)ɱ∈� ̣ǘ ǘɱǃ ˺ʳ ̣Ȫ˥Ț Ɔɱ ʂʾ˥ȚʂɱʂʾɩƆɑݱӠڳ�
˒ǘʹ˺ǘɱƷǘܿ ,ʂɱ˥Ȫɱ˺Ȫɱȇ Ɔ˒ Ȫɱ ܪ(ڳ) ̣ǘ ƆȇƆȪɱ ʂƭ˥ƆȪɱ Ɔ Ʒʂɱ˥ʾƆǃȪƷ˥Ȫʂɱܿ(ڵ)ܩ gȪʾ˒˥ ʂȄ Ɔɑɑܪ ȪȄ Ɔ ˒ʂɑ˺˥Ȫʂɱ ˺ ˒Ɔ˥Ȫ˒͘ǘ˒ ܪݧڹܿڴݦ Ȫ˥ Ȫ˒ ˺ɱȪʹ˺ǘɑ̰ ǃǘ˥ǘʾɩȪɱǘǃ Ɔ˒ Ȅʂʾ ˥Țǘ
Țʂɩʂȇǘɱǘʂ˺˒ ʳʾʂƭɑǘɩ ˺ � Nȇǘɱ(M � ֈ ) ˥ʂȇǘ˥Țǘʾ ̣Ȫ˥Ț ݧڲݦ Ɔɱǃ ݧڹܿڴݦ ȪɩʳɑȪǘ˒ ˺ = ܿڱ
¬ʂʾǘʂ̝ǘ ʾܪ ˺˒Ȫɱȇ �ǘɩɩƆ ڳܿڳ Ɔɱǃ ܪ(ڲ) ̣ǘ ʂƭ˥ƆȪɱ� Ȅ , ̝ Ӡ(Ӯ)ڳ�� = � �¬ � ֈ) ˺ , ̝ Ӡ(Ӯ)ڳ�� = � ˺ , �¬ � ֈ) ̝ Ӡ(Ӯ)ڳ�� = ڱ � ̝ � Nȇǘɱ(M � ֈ ) ,
ɩǘƆɱȪɱȇ ݧڸܿڴݦ Ȫ˒ ɱǘƷǘ˒˒Ɔʾ̰ܿ �ɱ ʂʾǃǘʾ ˥ʂ ˒Țʂ ܪ̣ ˥ȚƆ˥ ݧڸܿڴݦ Ȫ˒ Ɔɑ˒ʂ ˒˺͎ƷȪǘɱ˥ܪ ̣ǘ ˺˒ǘ FȪǃ˺˒ކ
ʳʾȪɱƷȪʳɑǘ ʂȄ ɑȪɩȪ˥Ȫɱȇ Ɔƭ˒ʂʾʳ˥Ȫʂɱܿ ĊȚǘʾǘȄʂʾǘܪ ɑǘ˥ ˒ > ڳ/ڲ Ɔɱǃ Ȅ � (Ӯ)˒ڳ� ˒Ɔ˥Ȫ˒Ḛ̏ ܿݧڸܿڴݦ ŀǘ
˥ƆɈǘ Ɔ ˒ǘʹ˺ǘɱƷǘ (ցɱ)ɱ∈� � �+ ̣Ȫ˥Ț ցɱ �� ڱ Ɔɱǃ Ʒʂɱ˒˥ʾ˺Ʒ˥ Ɔ ˒ǘʹ˺ǘɱƷǘ ʂȄ Ȅʾǘʹ˺ǘɱƷȪǘ˒(ֈɱ)ɱ∈�, ֈɱ := �ֈڳ + Ȫցɱֈ � �+ \ � ,
Ʒʂɱ̝ǘʾȇȪɱȇ ˥ʂ ֈܿ ýȪɱƷǘ M Ȫ˒ Ɔ ˒ǘɑȄݱƆǃɀʂȪɱ˥ ʂʳǘʾƆ˥ʂʾ ̣ǘ ʂƭ˥ƆȪɱ ƷȄܿݦ ýǘƷ˥Ȫʂɱ ݧڴ Ɔ Ʒʂʾݱ
ʾǘ˒ʳʂɱǃȪɱȇ ˒ǘʹ˺ǘɱƷǘ ʂȄ ˒ʂɑ˺˥Ȫʂɱ˒ (˺ɱ)ɱ∈ܪ� ˺ɱ := Lֈɱ

Ȅ � ñӘڲ (Ӯ) ◊ ñӘڳ (Ӯ) ˒Ɔ˥Ȫ˒Ḛ̏Ȫɱȇ
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ڳڷڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

�¬ � ֈɱ� ˺ɱ = Ȅ ܿ ±ʂ̣ ʂ˺ʾ ƆȪɩ Ȫ˒ ˥ʂ ˒Țʂ̣ ˥ȚƆ˥ ˥ȚȪ˒ ˒ǘʹ˺ǘɱƷǘ ʂʾ Ɔ˥ ɑǘƆ˒˥ Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ
Ȫ˒ Ʒʂɱ̝ǘʾȇȪɱȇ ˥ʂ Ɔ ˒ʂɑ˺˥Ȫʂɱ ˺ܿ %̰ �ǘɩɩƆ ܪڲܿڶ ̣ǘ ǃǘƷʂɩʳʂ˒ǘ

˺ɱ = �˺ɱ + �˺ɱ Ɔɱǃ Ȅ = �Ȅ + �Ȅ ,
̣Ȫ˥Ț �˺ɱ, �Ȅ � �vڲӘڲ (Ӯ) ◊ �vڲӘڳ (Ӯ) � ڲñӘڱ (Ӯ) ◊ ڳñӘڱ (Ӯ) ,�˺ɱ, �Ȅ � �ñӘڲ (Ӯ) � ղ−6ڱڲӘڳ (Ӯ)� ◊ �ñӘڳ (Ӯ) � պ−6ڱڲӘڲ (Ӯ)� . ݧڲܿڶݦ

�ɱ˒ǘʾ˥Ȫɱȇ ˥Țǘ˒ǘ ݧʂʾ˥ȚʂȇʂɱƆɑݦ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ Ȫɱ ˥Țǘ ǃȪ͍ǘʾǘɱ˥ȪƆɑ ǘʹ˺Ɔ˥Ȫʂɱܪ ̣ǘ ǘɱǃ ˺ʳ
̣Ȫ˥Ț ˥̣ʂ ǘʹ˺Ɔ˥Ȫʂɱ˒ �ֈɱ �˺ɱ = �Ȅ Ɔɱǃ �¬ � ֈɱ� �˺ɱ = �Ȅ ,
ɱʂ˥Ȫɱȇ ˥ȚƆ˥ ˥Țǘ ͘ʾ˒˥ ʂɱǘ Ȫ˒ ˥ʾȪ̝ȪƆɑ Ɔɱǃ ȪɩʳɑȪǘ˒ Ʒʂɱ̝ǘʾȇǘɱƷǘݱڳ� ʂȄ ( �˺ɱ)ɱ∈�ܿ gʂʾ ǃǘƆɑȪɱȇ
̣Ȫ˥Ț ˥Țǘ ˒ǘƷʂɱǃ ǘʹ˺Ɔ˥Ȫʂɱܪ ̣ǘ ɱǘǘǃ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ƆǃǃȪ˥ȪʂɱƆɑ Ɔ˒˒˺ɩʳ˥Ȫʂɱ ʂɱ (˺ɱ)ɱ∈ܪ�
̣ȚȪƷȚ ̣ǘ ̣Ȫɑɑ ʳʾʂ̝ǘ Ȫɱ ˥Țǘ ǘɱǃܩ� ˥ < ڳ/ڲ� � Ʒ � (�,ڱ) � ɱ � � : �˺ɱڳ��˥ (Ӯ) � Ʒ ݧڳܿڶݦ

�ǘ˥ �˥ < ڳ/ڲ� Ɔɱǃ Ʒ � (�,ڱ) ˒˺ƷȚ ˥ȚƆ˥ ݧڳܿڶݦ Țʂɑǃ˒ܿ ĊȚǘɱܪ ƭ̰ Ʒʂɱ˒˥ʾ˺Ʒ˥Ȫʂɱ Ɔɱǃ ܪڳݧڲܿڶݦ
˥Țǘ ˒ǘʹ˺ǘɱƷǘ ( �˺ɱ)ɱ∈� Ȫ˒ ƭʂ˺ɱǃǘǃ Ȫɱ �ñ �˥,Әڲ (Ӯ) � ղ−6ڱڲ �˥,Әڳ (Ӯ)� ◊ �ñ �˥,Әڳ (Ӯ) � պ−6ڱڲ �˥,Әڲ (Ӯ)�ܿ
vǘɱƷǘ ĊȚǘʂʾǘɩݦ ڵܿڴ Ɔɱǃ �ǘɩɩƆ ܪݧڴܿڴ ( �˺ɱ)ɱ∈� ȚƆ˒ Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ ( �˺վ(ɱ))ɱ∈� Ʒʂɱ̝ǘʾȇȪɱȇ
Ȫɱ ˥̃ڳ� (Ӯ) Ȅʂʾ ˒ʂɩǘ �˥ < �˥ Ɔɱǃ ƭ̰ ˥Țǘ ǘʹ˺Ɔ˥Ȫʂɱ ǘ̝ǘɱ Ȫɱ ñ ̃˥,Әڲ (Ӯ) ◊ ñ ̃˥,Әڳ (Ӯ)ܿ ,ʂɱ˒ǘʹ˺ǘɱ˥ɑ ܪ̰
˥Țǘ ǘɱ˥Ȫʾǘ ˒ǘʹ˺ǘɱƷǘ (˺վ(ɱ))ɱ∈� Ʒʂɱ̝ǘʾȇǘ˒ Ȫɱ ñ ̃˥(Ӯ) ˥ʂ ˒ʂɩǘ ˺ ˒Ɔ˥Ȫ˒Ḛ̏Ȫɱȇ

˺ � ñ ̃˥,Әڲ (Ӯ) ◊ ñ ̃˥,Әڳ (Ӯ) Ɔɱǃ �¬ � ֈ� ˺ = Ȅ .
�ǃǃȪ˥ȪʂɱƆɑɑ ܪ̰ ̣Ȫ˥Ț ,ʂʾʂɑɑƆʾ̰ ڴܿڵ Ɔɱǃ �ǘɩɩƆ ڳܿڳ ̣ǘ ʂƭ˥ƆȪɱ Ȅʂʾ ɱ � � Ɔɱǃ ƆʾƭȪ˥ʾƆʾ̰
̝ � Nȇǘɱ(M � ֈ ܪ(

ڱ = � Ȅ , ̝ Ӡ(Ӯ)ڳ�� = � �¬ � ֈվ(ɱ)� ˺վ(ɱ) , ̝ =Ӡ(Ӯ)ڳ�� � ˺վ(ɱ) , �¬ � ֈվ(ɱ)� ̝ Ӡ(Ӯ)ڳ�� = �ֈ � ֈվ(ɱ)� � � ˺վ(ɱ) , ̝ Ӡ(Ӯ)ڳ�� .
vǘɱƷǘ � ˺վ(ɱ) , ̝ Ӡ(Ӯ)ڳ�� = ڱ Ɔɱǃ Ɔ˒ � � , ̝ Ӡ(Ӯ)ڳ�� Ȫ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ʂɱ ˥̃ڳ� (Ӯ) ◊ ˥̃ڳ� (Ӯ) ƭ̰ ܪݧڲݦ ̣ǘ
ʂƭ˥ƆȪɱ � ˺ , ̝ Ӡ(Ӯ)ڳ�� = ɑȪɩɱ�∞� ˺վ(ɱ) , ̝ Ӡ(Ӯ)ڳ�� = ڱ .
ĊȚ˺˒ܪ ˺ʳ ˥ʂ ɱʂ ܪ̣ ̣ǘ ȚƆ̝ǘ Ʒʂɱ˒˥ʾ˺Ʒ˥ǘǃ Ɔ ̝ǘƷ˥ʂʾ ͘ǘɑǃ ˺ � Nȇǘɱ(M � ֈ )⊥Ӡ ܪ ̣ȚȪƷȚ ȚƆ˒
˥Țǘ ʾȪȇȚ˥ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ Ɔɱǃ ˒Ɔ˥Ȫ˒͘ǘ˒ ˥Țǘ ǃȪ͍ǘʾǘɱ˥ȪƆɑ ǘʹ˺Ɔ˥Ȫʂɱܿ %˺˥ Ȅʂʾ ƭǘȪɱȇ Ɔ
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ʾƆǃȪƆ˥Ȫɱȇ ˒ʂɑ˺˥Ȫʂɱܪ Ȫ˥ ˒˥Ȫɑɑ ʾǘɩƆȪɱ˒ ˥ʂ ˒Țʂ ܪ̣ ˥ȚƆ˥ ˺ � ñ<− ڳڲ (Ӯ) Ɔɱǃ ǘɱɀʂ̰˒ ˥Țǘ ʾƆǃȪƆ˥Ȫʂɱ
ƷʂɱǃȪ˥Ȫʂɱ ܿݧڷܿڴݦ gʂʾ ˥ȚƆ˥ܪ ɑǘ˥ ˥ < ܿڳ/ڲ� ĊȚǘɱܪ ƭ̰ �ǘɩɩƆ ܪڵܿڵ ˥Țǘʾǘ ṷ̈́Ȫ˒˥ Ʒ, ձ � (�,ڱ) Ɔɱǃ
˒ʂɩǘ �˥ > ܪڳ/ڲ� ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ ɱ � � ɑƆʾȇǘ ǘɱʂ˺ȇȚ ̣ǘ ʂƭ˥ƆȪɱ ˺ɱȪȄʂʾɩɑ̰ Ȫɱ ցվ(ɱ)ܪ ˺վ(ɱ)ܪ
Ȅ Ɔɱǃ �ʾ > )վ(ɱ)����ñ˥(Ӯ˺����ܩڱ ̃ʾ)) + �����Ӡڱ +�ղڱպڱ ӣ�˺վ(ɱ)ڳ������˥ (Ӯ( ̃ʾ)) � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ����˺վ(ɱ)ڳ�����(Ӯ(ձ)) � .
ýǘɱǃȪɱȇ ɱ ��� Ɔɱǃ ƆȄ˥ǘʾ̣Ɔʾǃ˒ �ʾ ��� ɩʂɱʂ˥ʂɱǘݦ Ʒʂɱ̝ǘʾȇǘɱƷǘܪݧ ̣ǘ ʂƭ˥ƆȪɱ�˺�ñ˥(Ӯ) + �����Ӡڱ +�ղڱպڱ ӣ�˺ڳ������˥ (Ӯ) � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + (Ӯ(ձ))ڳ��˺� � <� , ݧڴܿڶݦ

̰ȪǘɑǃȪɱȇ

˺ � ñ<− ڳڲ (Ӯ) Ɔɱǃ �Ӡڱ +�ղڱպڱ ӣ�˺ � −<ڳ� ڳڲ (Ӯ) .
ĊȚȪ˒ Ʒʂɩʳɑǘ˥ǘ˒ ˥Țǘ ʳʾʂʂȄ ʂȄ ṷ̈́Ȫ˒˥ǘɱƷǘܪ ȪȄ ̣ǘ ƷƆɱ ˒Țʂ̣ ܿݧڳܿڶݦ Ċʂ ˥ȚȪ˒ ǘɱǃܪ ̣ǘ Ɔ˒˒˺ɩǘ Ȫ˥
˥ʂ ƭǘ ̣ʾʂɱȇܪ Ȫܿ ǘܿܪ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ ˥ < ڳ/ڲ� Ɔɱǃ Ɔ ˒ǘʹ˺ǘɱƷǘ (˺ɱ)ɱ∈� � ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ)ܪ
˺ɱ := Lֈɱ

Ȅ ̣Ȫ˥Ț �˺ɱڳ��˥ (Ӯ) ��� Ȅʂʾ ɱ ���ܿ 6ǘ͘ɱȪɱȇ�˺ɱ := �˺ɱ�−ڳ�ڲ˥ (Ӯ) � ˺ɱ Ɔɱǃ �Ȅɱ := �˺ɱ�−ڳ�ڲ˥ (Ӯ) � Ȅ ,
̣ǘ ȚƆ̝ǘ � �˺ɱڳ��˥ (Ӯ) = ڲ , �Ȅ �� ڱ Ȫɱ (Ӯ)˒ڳ� Ɔɱǃ �¬ � ֈɱ� �˺ɱ = �Ȅɱ .
ĊȚǘɱܪ ʾǘʳǘƆ˥Ȫɱȇ ˥Țǘ Ɔʾȇ˺ɩǘɱ˥˒ Ȅʾʂɩ Ɔƭʂ̝ǘܪ ̣ǘ ʂƭ˥ƆȪɱ ˒ʂɩǘ �˥ < ˥ Ɔɱǃ Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ( �˺վ(ɱ))ɱ∈� Ʒʂɱ̝ǘʾȇȪɱȇ Ȫɱ ˥�ڳ� (Ӯ) ˥ʂ ˒ʂɩǘ �˺ � Nȇǘɱ(M � ֈ ) � Nȇǘɱ(M � ֈ )⊥Ӡ ܪ ȚǘɱƷǘ�˺ = ܿڱ %˺˥ �ǘɩɩƆ ڵܿڵ ǘɱ˒˺ʾǘ˒ ˥Țǘ ṷ̈́Ȫ˒˥ǘɱƷǘ ʂȄ Ʒ, ձ � (�,ڱ) ˥Ȫɱǃǘʳǘɱǃǘɱݦ ʂȄ ցվ(ɱ)ܪ�˺վ(ɱ) Ɔɱǃ �Ȅվ(ɱ)ݧ ˒˺ƷȚ ˥ȚƆ˥

ڲ = ���� �˺վ(ɱ)ڳ�����˥ (Ӯ) � Ʒ � ����� �Ȅվ(ɱ) (Ӯ)˒ڳ����� + ���� �˺վ(ɱ)ڳ�����(Ӯ(ձ)) � ɱ�∞������� ڱ

Țʂɑǃ˒݈ Ɔ Ʒʂɱ˥ʾƆǃȪƷ˥Ȫʂɱܿ(ڶ)ܩ �ǘ˥ �˥, ˒ > ܿڳ/ڲ %̰ (ڵ) ˥Țǘ ˒ʂɑ˺˥Ȫʂɱ ʂʳǘʾƆ˥ʂʾ
Lֈ : (Ӯ)˒ڳ� �Nȇǘɱ(M � ֈ )⊥Ӡ�������������������������������������������������=:D(Lֈ) �� �ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ)� �Nȇǘɱ(M � ֈ )⊥Ӡ�����������������������������������������������������������������������������=:R(Lֈ)

Ȫ˒ ̣ǘɑɑ ǃǘ͘ɱǘǃܿ g˺ʾ˥Țǘʾɩʂʾǘܪ ǃ˺ǘ ˥ʂ ˥Țǘ ʳʂɑ̰ɱʂɩȪƆɑ ǃǘƷƆ̰ ʂȄ ǘȪȇǘɱ˒ʂɑ˺˥Ȫʂɱ˒ܪD(Lֈ) Ȫ˒
Ʒɑʂ˒ǘǃ Ȫɱ ܿ(Ӯ)˒ڳ� ĊȚ˺˒ܪ ˥Țǘ Ɔ˒˒ǘʾ˥Ȫʂɱ Ȅʂɑɑʂ̣˒ Ȅʾʂɩ ˥Țǘ Ʒɑʂ˒ǘǃ ȇʾƆʳȚ ˥Țǘʂʾǘɩܪ ȪȄ ̣ǘ ƷƆɱ
˒Țʂ̣ ˥ȚƆ˥ Lֈ Ȫ˒ Ʒɑʂ˒ǘǃܿ ĊȚǘʾǘȄʂʾǘܪ ˥ƆɈǘ (Ȅɱ)ɱ∈� � D(Lֈ) ̣Ȫ˥Ț

Ȅɱ �� Ȅ Ȫɱ (Ӯ)˒ڳ� Ɔɱǃ ˺ɱ := LֈȄɱ �� ˺ Ȫɱ ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ) .
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ĊȚǘɱ ƷɑǘƆʾɑ̰ Ȅ � D(Lֈ)ܪ ˺ � R(Lֈ) Ɔɱǃ Ɔ˒ �¬ � ֈ� ˺ɱ = Ȅɱܪ ̣ǘ ʂƭ˥ƆȪɱ �¬ � ֈ� ˺ = Ȅ ܿ
±ʂ̣ ǘ˒˥ȪɩƆ˥ǘ ݧڴܿڶݦ Ɔɑʂɱȇݦ ̣Ȫ˥Ț ɩʂɱʂ˥ʂɱǘ Ʒʂɱ̝ǘʾȇǘɱƷǘݧ ˒Țʂ̣˒ Ɔ˒ ƭǘȄʂʾǘ

˺ � ñ<− ڳڲ (Ӯ) Ɔɱǃ �Ӡڱ +�ղڱպڱ ӣ�˺ � −<ڳ� ڳڲ (Ӯ) ,
ɩǘƆɱȪɱȇ ˺ Ȫ˒ Ɔ ʾƆǃȪƆ˥Ȫɱȇ ˒ʂɑ˺˥Ȫʂɱܪ Ȫܿ ǘܿܪ ˺ = LֈȄ ܪ ̣ȚȪƷȚ Ʒʂɩʳɑǘ˥ǘ˒ ˥Țǘ ʳʾʂʂȄܿ

ñǘɩƆʾɈ ܿڳܿڶ 6˺ʾȪɱȇ ˥Țǘ ǃȪ˒Ʒ˺˒˒Ȫʂɱ Ɔ˥ ��±¬ê6Fڱڲ Ț˥ڱڲݦ ŀʂʾɈ˒Țʂʳ ʂɱ �ɱƆɑ̰˒Ȫ˒ Ɔɱǃ
�ǃ̝ƆɱƷǘǃ ±˺ɩǘʾȪƷƆɑ ¬ǘ˥Țʂǃ˒ Ȅʂʾ êƆʾ˥ȪƆɑ 6Ȫ͍ǘʾǘɱ˥ȪƆɑ Fʹ˺Ɔ˥Ȫʂɱ˒ܪݧ ¬ܿ ŀƆ˺ʾȪƷɈ Ɔɱǃ
ýܿ Ċʾʂ˒˥ʂʾ͍ ʳʂȪɱ˥ǘǃ ʂ˺˥ ˥ȚƆ˥ Ȫ˥ Ȫ˒ ˒˺͎ƷȪǘɱ˥ ˥ʂ ˺˒ǘ ̣ǘƆɈɑ̰ Ʒʂɱ̝ǘʾȇǘɱ˥ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ˒ Ȅʂʾ
˥Țǘ Ʒʂɱ˒˥ʾ˺Ʒ˥Ȫʂɱ ʂȄ ˥Țǘ ݧʾƆǃȪƆ˥Ȫɱȇݦ ˒ʂɑ˺˥Ȫʂɱܿ ĊȚȪ˒ Ȫ˒ Ȫɱ ȄƆƷ˥ ˥ʾ˺ǘ Țǘ˥ݦ ʾƆǃȪƆ˥Ȫʂɱ ƷʂɱǃȪ˥Ȫʂɱ
Ɔɱǃ ʾǘȇ˺ɑƆʾȪ˥̰ ʳʾʂʳǘʾ˥Ȫǘ˒ Ȅʂɑɑʂ̣ Ȅʾʂɩ �ǘɩɩƆ ڵܿڵ ƭ̰ ˥Țǘ ƭʂ˺ɱǃǘǃɱǘ˒˒ ʂȄ ˥Țǘ ˒ǘʹ˺ǘɱƷǘ
Ɔɱǃ ˥Țǘ ̣ǘƆɈ ɑʂ̣ǘʾ ˒ǘɩȪƷʂɱ˥Ȫɱ˺Ȫ˥̰ ʂȄ ˥Țǘ ɱʂʾɩ˒ܪݧ ƭ˺˥ Ȫ˥ ˒Țʂ˺ɑǃ ƭǘ ɱʂ˥ǘǃܪ ˥ȚƆ˥ ŀǘƷɈކ˒
ɑʂƷƆɑ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ Ȫ˒ ˒˥Ȫɑɑ ɱǘǘǃǘǃ ˥ʂ ʳʾʂ̝ǘ ܪݧڳܿڶݦ ˒ȪɱƷǘ Țǘʾǘ ɱʂʾɩ Ʒʂɱ̝ǘʾȇǘɱƷǘ Ȫ˒
ȪɱǃȪ˒ʳǘɱ˒Ɔƭɑǘ Ȫɱ ʂʾǃǘʾ ˥ʂ ȇǘɱǘʾƆ˥ǘ Ɔ Ʒʂɱ˥ʾƆǃȪƷ˥Ȫʂɱܿ �ɱ̰̣Ɔ ܪ̰ ̣ǘ ˥ȚƆɱɈ ƭʂ˥Ț Ȅʂʾ ˥Țǘ
̝Ȫ̝Ȫǃ ǃȪ˒Ʒ˺˒˒Ȫʂɱ Ɔɱǃ Ʒʂɱ˒˥ʾ˺Ʒ˥Ȫ̝ǘ ƷʾȪ˥ȪƷȪ˒ɩܿ

�ʳʳǘɱǃȪ̭ �ܿ ĊǘƷȚɱȪƷƆɑ ˥ʂʂɑ˒
�ǘɩɩƆ ܿڲܿ� �ǘ˥ Ӯ � ڴ� ƭǘ Ɔɱ ƆʾƭȪ˥ʾƆʾ̰ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ Ɔɱǃ ˒, ˥, յ � � ̣Ȫ˥Ț ˥ < ˒ Ɔɱǃ
յ > ܿڱ ĊȚǘɱ ˥Țǘʾǘ ṷ̈́Ȫ˒˥ Ʒʂɱ˒˥Ɔɱ˥˒ Ʒ, ձ � (�,ڱ) ˒˺ƷȚ ˥ȚƆ˥�̣ڳ��˥ (Ӯ) � Ʒ � (Ӯ(ձ))ڳ��̣� + յ � (Ӯ)˒ڳ��̣�
Țʂɑǃ˒ Ȅʂʾ Ɔɑɑ ̣ � ܿ(Ӯ)˒ڳ�
êʾʂʂȄܿ �ǘ˥ ڴ� \ Ӯ � ę(ʾڱ)ܿ gʂʾ �ʾ � ʾܪڱ ̣ǘ ʂƭ˥ƆȪɱ�̣ڳ�ڳ�˥ (Ӯ) = ˥ڳ�ڳ�̣� (Ӯ( ̃ʾ)) + ˥ڳ�ڳ�̣� (qę( ̃ʾ))� ڲ� + �ʾڳ�ɩƆ̭{ڱ,˥} � )Ӯ)ڳ�ڳ�̣� ̃ʾ)) + ڲ� + �ʾڳ�˥−˒ � )qę)˒ڳ�ڳ�̣� ̃ʾ))� ڲ� + �ʾڳ�ɩƆ̭{ڱ,˥} � )Ӯ)ڳ�ڳ�̣� ̃ʾ)) + ڲ� + �ʾڳ�˥−˒ � (Ӯ)˒ڳ��̣� .
ýȪɱƷǘ ˥ < ܪ˒ ̣ǘ ƷƆɱ ƷȚʂʂ˒ǘ �ʾ ˒˺ƷȚ ˥ȚƆ˥ ڲ� + �ʾڳ�˥−˒ � յܪڳ ̣ȚȪƷȚ Ʒʂɩʳɑǘ˥ǘ˒ ˥Țǘ ʳʾʂʂȄܿ

�ǘɩɩƆ ܿڳܿ� gʂʾ �ʾ > ڱ Ɔɱǃ Ȅ � ܪ(�ɱ)ڲ� Ȫ˥ Țʂɑǃ˒
ɑȪɩ ȪɱȄʾ�∞ ʾ �

ý(ʾ) |Ȅ | ǃչɱ−ڲ˒ = ڱ .
êʾʂʂȄܿ À˥Țǘʾ̣Ȫ˒ǘܪ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ �ʾ > ڱ Ɔɱǃ Ʒ > ڱ ˒˺ƷȚ ˥ȚƆ˥�

ý(ʾ) |Ȅ | ǃչɱ−ڲ˒ � Ʒʾ � ʾ � �ʾ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڶڷڴ

Ɔɱǃ ˺˒Ȫɱȇ g˺ƭȪɱȪކ˒ ˥Țǘʂʾǘɩܪ ̣ǘ ʂƭ˥ƆȪɱ

�Ȅ (�ɱ)ڲ�ڳ� � �
qę( �ʾ) |Ȅ | ǃչɱ =

∞��ʾ �ý(ʾ) |Ȅ | ǃչɱ−ڲ˒ ǃʾ � Ʒ � ∞��ʾ ڲ
ʾ ǃʾ =� ,

Ɔ Ʒʂɱ˥ʾƆǃȪƷ˥Ȫʂɱܿ

�ǘɩɩƆ ܿڴܿ� �ǘ˥ Ӯ � ڴ� ƭǘ Ɔɱ ṷ̈́˥ǘʾȪʂʾ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ ̣Ȫ˥Ț ƭʂ˺ɱǃƆʾ̰ Ә Ɔɱǃ
̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ƭʂ˺ɱǃƆʾ̰ ʳƆʾ˥˒ Әڲ Ɔɱǃ Әڳ = Ә \ Әܿڲ g˺ʾ˥Țǘʾɩʂʾǘܪ ɑǘ˥ �ʾ, �ʾ � �+ ̣Ȫ˥Ț �ʾ > �ʾ
Ɔɱǃ ڴ� \ Ӯ � ę( �ʾ) Ɔ˒ ̣ǘɑɑ Ɔ˒ ֢ � ]�ڱ, �ʾ, �ʾ] ,��ܿ �Ȅ ˺ � ñ˥,Әڲ (Ӯ) ◊ ñ˥,Әڳ (Ӯ) Ȅʂʾ ˒ʂɩǘ ˥ � ܪ� Ȫ˥
Țʂɑǃ˒ �ӫӣ˺ ,Ӡڱ˺ )j)ڳ�� �ʾ, ̃ʾ)) = �ӭñʂ˥ ˺ ,Ӡڱ˺ )Ӯ)ڳ�� ̃ʾ)) + �ӭ˺ ,ñʂ˥ Ӡڱ˺ )Ӯ)ڳ�� ̃ʾ)) , ݧڲܿ�ݦ

̣Țǘʾǘӫ := ֢ � ʾܪӭ := և � ʾܪ Ɔɱǃ
և : ,ڱ] �ʾ] �� �, ց ��� ̃ʾ�

ɩƆ̭{ �ʾ,ց} ֢(ւ) ǃւ.
êʾʂʂȄܿ �˒ ,∞Әڲ (Ӯ) ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ ,∞Әڳ (Ӯ) Ȫ˒ ǃǘɱ˒ǘ Ȫɱ ñ˥,Әڲ (Ӯ) ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ ñ˥,Әڳ (Ӯ) ƭ̰ ǃǘ͘ɱȪݱ
˥Ȫʂɱ Ȫ˥ Ȫ˒ ǘɱʂ˺ȇȚ ˥ʂ ˒Țʂ̣ ǘʹ˺Ɔ˥Ȫʂɱ ݧڲܿ�ݦ Ȅʂʾ ˺ = ,ڲ˺) (ڳ˺ � ,∞Әڲ (Ӯ) ◊ ,∞Әڳ (Ӯ) � ܿ(ڴ�)∞,�
Àƭ˒ǘʾ̝Ȫɱȇ ˥ȚƆ˥ ˥Țǘ ˒˺ʳʳʂʾ˥ ʂȄ ʳʾʂǃ˺Ʒ˥˒ ʂȄ ڲ˺ Ɔɱǃ ڳ˺ Ȫ˒ ƷʂɩʳƆƷ˥ɑ̰ ˒˺ʳʳʂʾ˥ǘǃ Ȫɱ ˒ʂɩǘ
ӝ � ӝ � Ӯܪ ̣ǘ ɩƆ̰ ƷȚʂʂ˒ǘ Ɔ Ʒ˺˥ݱʂ͍ Ȅ˺ɱƷ˥Ȫʂɱ ք � �,∞(Ӯ) � (ڴ�)∞,� ̣Ȫ˥Ț ք|ӝ = ڲ Ɔɱǃ
ʾǘʳɑƆƷǘ ˺ ƭ̰ ք˺ =: ̝ =: (F,v)ܿ ŀȪ˥Țʂ˺˥ ɑʂ˒˒ ʂȄ ȇǘɱǘʾƆɑȪ˥̰ ̣ǘ Ɔ˒˒˺ɩǘ ڴ� \ ӝ � ę( �ʾ)ܿ
ę˒Ȫɱȇ jƆ˺˒˒ކ˒ ǃȪ̝ǘʾȇǘɱƷǘ ˥Țǘʂʾǘɩ ̣ǘ Ʒʂɩʳ˺˥ǘ

�ӫӣ˺ ,Ӡڱ˺ )j)ڳ�� �ʾ, ̃ʾ)) = ̃ʾ��ʾ ֢(ʾ) �ӣ˺ ,Ӡڱ˺ (ý(ʾ))ڳ�� ǃʾ = ̃ʾ��ʾ ֢(ʾ) �ӣ̝ ,Ӡ̝ڱ (ý(ʾ))ڳ�� ǃʾ
= ̃ʾ��ʾ ֢(ʾ)�պڱ� ռ ◊ F ,v (ý(ʾ))ڳ�� � ղڱ� ռ ◊ v ,F (ý(ʾ))ڳ�� � ǃʾ= ̃ʾ��ʾ ֢(ʾ) �ý(ʾ) �պڱռ � �F ◊ v� � ղڱռ � �v ◊ F�� ǃչڳ˒ ǃʾ= ̃ʾ��ʾ ֢(ʾ) �ę(ʾ) �պڱ ǃȪ̝ �F ◊ v� � ղڱ ǃȪ̝ �v ◊ F�� ǃչڴ ǃʾ .

±ʂ˥ǘܪ ˥ȚƆ˥

պڱ ǃȪ̝ �F ◊ v� � ղڱ ǃȪ̝ �v ◊ F�= պڱ�v ʾʂ˥F � F ʾʂ˥v� � ղڱ�F ʾʂ˥v � v ʾʂ˥F�
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= ��պڱv� ʾʂ˥F � �ղڱF� ʾʂ˥v� + �v ʾʂ˥ �ղڱF� � F ʾʂ˥ �պڱv��= Ӡ̝ڱ � ñʂ˥ ̝ + ̝ � ñʂ˥ Ӡ̝ڱ.
vǘɱƷǘܪ ƭ̰ g˺ƭȪɱȪކ˒ ˥Țǘʂʾǘɩܪ ̣ǘ ˒ǘǘ

�ӫӣ˺ ,Ӡڱ˺ )j)ڳ�� �ʾ, ̃ʾ)) = ̃ʾ��ʾ ֢(ʾ) ��ñʂ˥ ̝ ,Ӡ̝ڱ (ę(ʾ))ڳ�� + � ̝ ,ñʂ˥ Ӡ̝ڱ �(ę(ʾ))ڳ�� ǃʾ
= ̃ʾ��ʾ ֢(ʾ) ʾڱ� ��ñʂ˥ ̝ ,Ӡ̝ڱ (ý(ց))ڳ�� + � ̝ ,ñʂ˥ Ӡ̝ڱ �(ý(ց))ڳ�� ǃց ǃʾ
= ̃ʾ�

ڱ

̃ʾ�
ɩƆ̭{ �ʾ,ց} ֢(ʾ) ��ñʂ˥ ̝ ,Ӡ̝ڱ (ý(ց))ڳ�� + � ̝ ,ñʂ˥ Ӡ̝ڱ �(ý(ց))ڳ�� ǃʾ ǃց

= ̃ʾ�
ڱ

և(ց) ��ñʂ˥ ̝ ,Ӡ̝ڱ (ý(ց))ڳ�� + � ̝ ,ñʂ˥ Ӡ̝ڱ �(ý(ց))ڳ�� ǃց= �ӭñʂ˥ ̝ ,Ӡ̝ڱ )ę)ڳ�� ̃ʾ)) + �ӭ̝ ,ñʂ˥ Ӡ̝ڱ )ę)ڳ�� ̃ʾ))= �ӭñʂ˥ ̝ ,Ӡ̝ڱ )Ӯ)ڳ�� ̃ʾ)) + �ӭ̝ ,ñʂ˥ Ӡ̝ڱ )Ӯ)ڳ�� ̃ʾ))= �ӭñʂ˥ ˺ ,Ӡڱ˺ )Ӯ)ڳ�� ̃ʾ)) + �ӭ˺ ,ñʂ˥ Ӡڱ˺ )Ӯ)ڳ�� ̃ʾ)) ,
̣Țǘʾǘ ˥Țǘ ɑƆ˒˥ ɑȪɱǘ Ȅʂɑɑʂ̣˒ ƭ̰ Ʒʂɱ˒˥ʾ˺Ʒ˥Ȫʂɱ ʂȄ ̝ܿ

ŀǘ ǘɱǃ ˥ȚȪ˒ ˒ǘƷ˥Ȫʂɱ ̣Ȫ˥Ț Ɔ ɑǘɩɩƆܪ ̣ȚȪƷȚ ̣Ȫɑɑ ƭǘ ɱǘǘǃǘǃ ˥ʂ ʳʾʂ̝ǘ ˥Țǘ ʳʂɑ̰ɱʂɩȪƆɑ
ǃǘƷƆ̰ Ɔɱǃ Ɔ ʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘ Ȅʂʾ ˥Țǘ vǘɑɩȚʂɑ˥̀ ǘʹ˺Ɔ˥Ȫʂɱ Ɔɱǃ ƷƆɱ ƭǘ ˒Țʂ̣ɱ ƭ̰ ǘɑǘɩǘɱݱ
˥Ɔʾ̰ ʳƆʾ˥ȪƆɑ Ȫɱ˥ǘȇʾƆ˥Ȫʂɱܿ

�ǘɩɩƆ ܿڵܿ� �ǘ˥ ̣ � vڳɑʂƷ(�ɱ)ܪ ڱ � ˒˺ʳʳ̣ܪ ɩ � � Ɔɱǃ �ʾ > ܿڱ ĊȚǘɱ ̣Ȫ˥Ț �ʾ := ռ � ܩ�
ݧڲݦ ñǘ �

ę( ̃ʾ) ʾɩ+ڲә̣�ʾ̣= ڳڲ �
ę( ̃ʾ) ʾɩ�(ɱ +ɩ � ڳ|̣�|(ڳ � �ڳ|ɩ|�ʾ̣ڳ + �ý( ̃ʾ) ʾɩ+ڲ �|�ʾ̣|ڳ � ڳڲ ڳ|̣�| �

ݧڳݦ ñǘ �
ę( ̃ʾ) ʾɩә̣̣= � �

ę( ̃ʾ) ʾɩ�|�̣|ڳ � ɩڳ (ɱ +ɩ � (ڳ ʾ−ڳ|̣|ڳ� + �ý( ̃ʾ) ʾɩ�ñǘ ��ʾ̣̣� � ɩڳ ʾ−ڳ|̣|ڲ�
ݧڴݦ �ɩ �

ę( ̃ʾ) ʾɩә̣̣ = �ɩ �ę( ̃ʾ) ʾɩ−ڲ�ɩ ��ʾ̣̣� + ڳڲ �ý( ̃ʾ) ʾɩ+ڳ|̣|ڲ
ݧڵݦ ñǘ �

ę( ̃ʾ) ʾɩ+̣ڲ �ʾ ̣ = � ڳڲ �ę( ̃ʾ) ʾɩ (ɱ +ɩ)|̣|ڳ + ڳڲ �ý( ̃ʾ) ʾɩ+ڳ|̣|ڲ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڸڷڴ

�ʳʳǘɱǃȪ̭ %ܿ êʂɑ̰ɱʂɩȪƆɑ ǃǘƷƆ̰ Ɔɱǃ ƆݱʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘ
Ȅʂʾ ˥Țǘ vǘɑɩȚʂɑ˥̀ ǘʹ˺Ɔ˥Ȫʂɱ
�ɱ ˥ȚȪ˒ ˒ǘƷ˥Ȫʂɱ ̣ǘ ʳʾǘ˒ǘɱ˥ ̣ǘɑɑݱɈɱʂ̣ɱ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ˥Țǘ vǘɑɩȚʂɑ˥̀ ǘʹ˺Ɔ˥Ȫʂɱܪ ̣ȚȪƷȚ ̣ǘ
̣Ȫɑɑ ˺˒ǘ ˥ʂ ƆƷȚȪǘ̝ǘ ˒ȪɩȪɑƆʾ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ܿ ŀǘ ˒˥Ɔʾ˥ ̣Ȫ˥Ț Ɔ ʾǘȇ˺ɑƆʾȪ˥̰
ʾǘ˒˺ɑ˥ ƷȄܿݦ ܪڸڳݚ �ǘɩɩƆ ݧݛڵ Ɔɱǃ ˥Țǘ ʳʂɑ̰ɱʂɩȪƆɑ ǃǘƷƆ̰ ƷȄܿݦ ܪڸڳݚ �ǘɩɩƆ ܿݧݛڶ

�ǘɩɩƆ ܿڲܿ% �ǘ˥ ˥ � �ܿ �Ȅ ̣ � ˥ڳ� (�ɱ) Ɔɱǃ ә̣ � ˥ڳ� (�ɱ)ܪ Ȫ˥ Țʂɑǃ˒ ̣ � vڳ˥ (�ɱ) Ɔɱǃ�̣�vڳ˥ (�ɱ) � Ʒ � � �ә̣ڳ��˥ (�ɱ) + ˥ڳ��̣� (�ɱ) �
̣Ȫ˥Ț Ʒ � (�,ڱ) Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ̣ Ɔɱǃ ә̣ܿ

êʾʂʂȄܿ gʂʾ ˥ = ܪڱ ̣ǘ ȚƆ̝ǘ ̣,ә̣ � (�ɱ)ڳ� Ɔɱǃ ˺˒Ȫɱȇ gʂ˺ʾȪǘʾ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱܪ ̣ǘ ʂƭ˥ƆȪɱ�ә̣ڳ�ڳ�(�ɱ) + (�ɱ)ڳ�ڳ�̣� = �����ʾڳF(̣)ڳ�ڳ�����(�ɱ) + �F(̣)ڳ�ڳ�(�ɱ)= ��ɱ (ʾڵ + ڳ|(̣)F|(ڲ � ڳڲ � ڲ)����� + ʾڳ)F(̣)ڳ�ڳ�����(�ɱ) , ݧڲܿ%ݦ

̰ȪǘɑǃȪɱȇ ̣ � vڳ(�ɱ) Ɔɱǃ ˥Țǘ ǃǘ˒Ȫʾǘǃ ǘ˒˥ȪɩƆ˥ǘܿ ýʂ ɑǘ˥ ˺˒ ˒̣Ȫ˥ƷȚ ˥ʂ ˥ �= ܿڱ ĊȚǘɱܪ ˺˒Ȫɱȇ Ɔ
̣ǘɑɑݱɈɱʂ̣ɱ ʾǘ˒˺ɑ˥ ƷʂɱƷǘʾɱȪɱȇ Ȫɱɱǘʾ ʾǘȇ˺ɑƆʾȪ˥̰ ǘܿݦ ȇܿܪ ܪڴݚ ,ȚƆʳ˥ǘʾ ĺܪ�� ýǘƷ˥Ȫʂɱ ܪڳ.ڴ ĊȚǘݱ
ʂʾǘɩ ܪݧݛڲ ̣ǘ ƆɑʾǘƆǃ̰ ȚƆ̝ǘ ̣ � vڳɑʂƷ(�ɱ)ܿ ±ʂ̣ ɑǘ˥ �ʾ > ڲ Ɔɱǃ ǃǘ͘ɱǘ մ ̃ʾ � �,∞(�ɱ) ƭ̰
մ ̃ʾ(̭) := տ˥մ(ʾ(̭)/ �ʾ)ܿ ĊȚǘɱ մ ̃ʾ̣ � vڳ(�ɱ)ܪ|�մ ̃ʾ | � Ʒ � տ˥−ڲ ̣Ȫ˥Ț Ʒ = Ʒ(˥) > ڱ ,
Ɔɱǃ � ��մ ̃ʾ̣� ,��մ ̃ʾ̣� (�ɱ)ڳ�� = ñǘ � �̣ ,��մ̃ڳʾ̣� (�ɱ)ڳ�� + ������մ ̃ʾ�̣ڳ�ڳ����(�ɱ)� Ʒ � � �մ ̃ʾә̣ڳ��(�ɱ) �մ ̃ʾ̣ڳ��(�ɱ) + (�ɱ)ڲ−˥ڳ�ڳ�̣� �� Ʒ � � �ә̣ڳ�ڳ�˥ (�ɱ) + ˥ڳ�ڳ�̣� (�ɱ) �,
̣Ȫ˥Ț Ʒ = Ʒ(ɱ, ˥) � ܪ(�,ڱ) ȚǘɱƷǘ��̣ڳ��˥ (%( ̃ʾ)) � ��(մ ̃ʾ̣) � (�մ ̃ʾ)̣ڳ��(�ɱ) � Ʒ(ɱ, ˥) � � �ә̣ڳ��˥ (�ɱ) + ˥ڳ��̣� (�ɱ) � .
ýǘɱǃȪɱȇ �ʾ ��� ɩʂɱʂ˥ʂɱǘݦ Ʒʂɱ̝ǘʾȇǘɱƷǘݧ ˒Țʂ̣˒ ̣ � vڲ˥ (�ɱ) Ɔɱǃ�̣�vڲ˥ (�ɱ) � Ʒ(ɱ, ˥) � � �ә̣ڳ��˥ (�ɱ) + ˥ڳ��̣� (�ɱ) � . ݧڳܿ%ݦ

¬ʂʾǘʂ̝ǘ ʾܪ

ә�տ˥̣� = ˥�ɱ + (˥ � (ڳ ʾڳ
ڲ + ʾڳ �տ˥−̣ڳ + �ʾ̣ڳ−˥ʾտڳ + տ˥ә̣ ,
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˒˺ƷȚ ˥ȚƆ˥ ̣Ȫ˥Ț ݧڳܿ%ݦ ̣ǘ ʂƭ˥ƆȪɱ�����ә�տ˥̣ڳ�������(�ɱ) � Ʒ � � �ә̣ڳ��˥ (�ɱ) + ˥ڳ��̣� (�ɱ) � , ݧڴܿ%ݦ

̣Ȫ˥Ț Ʒ � (�,ڱ) Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ̣ Ɔɱǃ ә̣ܿ vǘɱƷǘ ә�տ˥̣� � (�ɱ)ڳ� Ɔɱǃ ̣ǘ ɩƆ̰ Ɔʳʳɑ̰
˥Țǘ ͘ʾ˒˥ ƷƆ˒ǘܿ ĊȚȪ˒ ˒Țʂ̣˒ տ˥̣ � vڳ(�ɱ) Ɔɱǃ ˺˒Ȫɱȇ ܪݧڲܿ%ݦ ݧڳܿ%ݦ Ɔɱǃ ܪݧڴܿ%ݦ ̣ǘ ʂƭ˥ƆȪɱ
ɱȪȄʂʾɩɑ̰˺ݦ ̣ܿ ܿʾ ˥ܿ ̣ Ɔɱǃ ә̣̣�ݧ�vڳ˥ (�ɱ) � Ʒ � � �����տ˥̣�����vڳ(�ɱ) + �������տ˥��̣ڳ������(�ɱ) + �������տ˥�̣ڳ������(�ɱ) + �|խ|=ڳ ������ �խ տ˥�̣ڳ������(�ɱ) �� Ʒ � � �����ә�տ˥̣ڳ�������(�ɱ) + �����տ˥̣ڳ������(�ɱ) + (�ɱ)ڲ−˥ڳ��̣�� + (�ɱ)ڲ−˥ڳ��̣� �� Ʒ � � �ә̣ڳ��˥ (�ɱ) + ˥ڳ��̣� (�ɱ) �
̰ȪǘɑǃȪɱȇ ̣ � vڳ˥ (�ɱ) Ɔɱǃ ˥Țǘ ʾǘʹ˺Ȫʾǘǃ ǘ˒˥ȪɩƆ˥ǘܿ

�ǘɩɩƆ ڳܿ% êʂɑ̰ɱʂɩȪƆɑݦ ǃǘƷƆ̰ܿݧ �ǘ˥ � � � \ (ڱ) ƭǘ ˒ʂɩǘ Ȫɱ˥ǘʾ̝Ɔɑܪ հ � � Ɔɱǃ ˒, ˥ � �̣Ȫ˥Ț
˥ > ڳ/ڲ� Ɔɱǃ ˥ � ˒ܿ �Ȅ ̣ � ˥ڳ� (�ɱ) Ɔɱǃ ȇ := �ә + հ̣�ڳ � ܪ(�ɱ)ڲ+˒ڳ� Ȫ˥ Țʂɑǃ˒

̣ � vڳ˒(�ɱ) Ɔɱǃ �̣�vڳ˒(�ɱ) � Ʒ � � �ȇڲ+˒ڳ��(�ɱ) + (�ɱ)ڲ−˒ڳ��̣� �
̣Ȫ˥Ț Ʒ = Ʒ(ɱ, ˒, �) � (�,ڱ) ɱʂ˥ ǃǘʳǘɱǃȪɱȇ ʂɱ հܪ ȇ ʂʾ ̣ܿ
êʾʂʂȄܿ ĊȚǘ Ɔ˒˒ǘʾ˥Ȫʂɱ Ȅʂɑɑʂ̣˒ ǃȪʾǘƷ˥ɑ̰ Ȅʾʂɩ �ǘɩɩƆ ܪڲܿ% ȪȄ ̣ǘ ƷƆɱ ˒Țʂ̣

̣ � (�ɱ)˒ڳ� ̣Ȫ˥Ț (�ɱ)˒ڳ��̣� � Ʒ � � �ȇڲ+˒ڳ��(�ɱ) + (�ɱ)ڲ−˒ڳ��̣� � .
ĊȚǘʾǘȄʂʾǘܪ ɑǘ˥ ̝ := �ֆ̣ܪ ̣Țǘʾǘ �ֆ � ,∞(�ɱ) ̣Ȫ˥Ț �ֆ = ڲ ʂɱ qę(ڲ) Ɔɱǃ ̝ƆɱȪ˒ȚȪɱȇ Ȫɱ Ɔ ɱǘȪȇȚݱ
ƭʂʾȚʂʂǃ ʂȄ ˥Țǘ ʂʾȪȇȪɱܿ %̰ Ɔ˒˒˺ɩʳ˥Ȫʂɱܪ ̣ǘ ƆɑʾǘƆǃ̰ ȚƆ̝ǘ ̣ � vڳ˥ (�ɱ) ƷȄܿݦ �ǘɩɩƆ ܪݧڲܿ%
ȚǘɱƷǘ ̝ � vڳɑʂƷ(�ɱ) Ɔɱǃ ̣ǘ ɩƆ̰ Ɔʳʳɑ̰ ˥Țǘ ʳƆʾ˥ȪƆɑ Ȫɱ˥ǘȇʾƆ˥Ȫʂɱ ʾ˺ɑǘ˒ Ȅʾʂɩ �ǘɩɩƆ ڵܿ� ˥ʂ

ñǘ �
j( �ʾ, ̃ʾ) �ә̣ + հ̣ڳ��ʾڲ+˥ڳ�ʾ̣ + ծʾڳ˥̣� = ñǘ �j( �ʾ, ̃ʾ) �ә̝ + հ̝ڳ��ʾڲ+˥ڳ�ʾ �̝ + ծʾڳ˥ �̝� = � � � ,

̣Ȫ˥Ț �ʾ > �ʾ � ڲ Ɔɱǃ
ծ := ɩƆ̭ �(ɱ � ڳ/(ڲ , ˥ + (ɱ � ڳ/(ڲ � .

�Ȅ˥ǘʾ ˒ʂɩǘ ʾǘƆʾʾƆɱȇǘɩǘɱ˥˒ܪ ˥ȚȪ˒ ɑǘƆǃ˒ ˥ʂ�
j( �ʾ, ̃ʾ) ʾڳ˥��ծ � (ɱ + ˥ڳ � ڳ|̣�|�ڳ/(ڳ + �(ɱ + ڳ/(˥ڳ � ծ�հڳ|̣|ڳ�+ ˥ڳ �

j( �ʾ, ̃ʾ) ʾڳ˥ |�ʾ̣|ڳ + �ý( ̃ʾ) �ʾڳ|̣�|ڲ+˥ڳ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ںڷڴ

= �ñǘ �
j( �ʾ, ̃ʾ) �ә̣ + հ̣ڳ��ʾڲ+˥ڳ�ʾ̣ + ծʾڳ˥̣� + ˥(ɱ + ˥ڳ � ծ(ڳ �j( �ʾ, ̃ʾ) ʾڳ|̣|ڳ−˥ڳ+ �

ý( �ʾ) �ʾڲ+˥ڳ�ծ˥ �ʾ−ڳ|̣|ڳ � ծ �ʾ−ڲñǘ ��ʾ̣̣� � |�ʾ̣|ڳ� ݧڵܿ%ݦ

+ �
ý( ̃ʾ) �ʾڲ+˥ڳ�|�ʾ̣|ڳ + ծ �ʾ−ڲñǘ ��ʾ̣̣� � ծ˥ �ʾ−ڳ|̣|ڳ�+ ڳڲ �

ý( ̃ʾ) �ʾڳ|̣�|�ڲ+˥ڳ + հڳ|̣|ڳ� + ڳڲ �ý( �ʾ) �ʾڳ|̣�|�ڲ+˥ڳ � հڳ|̣|ڳ� .
�ǘ˥ ˺˒ ͘ʾ˒˥ ȚƆ̝ǘ Ɔ ɑʂʂɈ ʂɱ ˥Țǘ ɑǘȄ˥ݱȚƆɱǃ ˒Ȫǃǘܿ gʂʾ ˥ � ڱ Ȫܿݦ ǘܿܪ ծ = ˥ + (ɱ � ܪݧڳ/(ڲ ̣ǘ ˒ɈȪʳ
˥Țǘ ˒ǘƷʂɱǃ Ɔɱǃ ˥ȚȪʾǃ Ȫɱ˥ǘȇʾƆɑ ˥ʂ ʂƭ˥ƆȪɱ�

j( �ʾ, ̃ʾ) ʾڳ˥��ծ � (ɱ + ˥ڳ � ڳ|̣�|�ڳ/(ڳ + �(ɱ + ڳ/(˥ڳ � ծ�հڳ|̣|ڳ�+ ˥ڳ �
j( �ʾ, ̃ʾ) ʾڳ˥ |�ʾ̣|ڳ + �ý( ̃ʾ) �ʾڳ|̣�|ڲ+˥ڳ� ڳڲ �

j( �ʾ, ̃ʾ) ʾڳ��˥ڳծ � (ɱ + ˥ڳ � ڳ|̣�|�(ڳ + �(ɱ + (˥ڳ � =�ڳ|̣|ڳծ�հڳ ڳڲ �
j( �ʾ, ̃ʾ) ʾڳ|̣�|�˥ڳ + հڳ|̣|ڳ� ,

̣ȚȪɑǘ Ȫɱ ˥Țǘ ƷƆ˒ǘ ʂȄ ˥ < ڱ Ȫܿݦ ǘܿܪ ծ = (ɱ � ݧڳ/(ڲ ̣ǘ ɀ˺˒˥ ˒ɈȪʳ ˥Țǘ ˥ȚȪʾǃ Ȫɱ˥ǘȇʾƆɑ Ɔɱǃ ǘɱǃ ˺ʳ
̣Ȫ˥Ț �

j( �ʾ, ̃ʾ) ʾڳ˥��ծ � (ɱ + ˥ڳ � ڳ|̣�|�ڳ/(ڳ + �(ɱ + ڳ/(˥ڳ � ծ�հڳ|̣|ڳ�+ ˥ڳ �
j( �ʾ, ̃ʾ) ʾڳ˥ |�ʾ̣|ڳ + �ý( ̃ʾ) �ʾڳ|̣�|ڲ+˥ڳ� �

j( �ʾ, ̃ʾ) ʾڳ˥��ծ � (ɱ + ˥ڳ � ڳ/(ڳ + ڳ|̣�|�˥ڳ + �(ɱ + ڳ/(˥ڳ � ծ�հڳ|̣|ڳ�= � ڳڲ + ˥� �
j( �ʾ, ̃ʾ) ʾڳ|̣�|�˥ڳ + հڳ|̣|ڳ� ,

˒ȪɱƷǘ |�ʾ̣| � |�̣|ܿ ĊȚ˺˒ Ȅʂʾ ƆʾƭȪ˥ʾƆʾ̰ ˥ � � ˥Țǘ ɑǘȄ˥ݱȚƆɱǃ ˒Ȫǃǘ ʂȄ ݧڵܿ%ݦ ƷƆɱ ƭǘ ǘ˒˥ȪɩƆ˥ǘǃ
Ȅʾʂɩ ƭǘɑʂ̣ ƭ̰

ɩȪɱ � ڳڲ , ڳڲ + ˥� �
j( �ʾ, ̃ʾ) ʾڳ|̣�|�˥ڳ + հڳ|̣|ڳ� .
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ڱڸڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

gʂʾ ˥Țǘ ʾȪȇȚ˥ݱȚƆɱǃ ˒Ȫǃǘܪ ̣ǘ ȚƆ̝ǘ ݦ �ʾ > �ݧڲ
ý( ̃ʾ) �ʾڲ+˥ڳ�|�ʾ̣|ڳ + ծ �ʾ−ڲñǘ ��ʾ̣̣� � ծ˥ �ʾ−ڳ|̣|ڳ�� �

ý( ̃ʾ) �ʾڲ+˥ڳ�|�ʾ̣|ڳ + ծ|�ʾ̣̣| + ծ|˥||̣|ڳ� � Ʒ � �ý( ̃ʾ) �ʾڳ|̣�|�ڲ+˥ڳ + �ڳ|̣| ,
Ɔ˒ ̣ǘɑɑ Ɔ˒�

ý( �ʾ) �ʾڲ+˥ڳ�ծ˥ �ʾ−ڳ|̣|ڳ � ծ �ʾ−ڲñǘ ��ʾ̣̣ � � |�ʾ̣|ڳ�� �
ý( ̃ʾ) �ʾڲ+˥ڳ�ծ|˥| �ʾ−ڳ|̣|ڳ + ծ �ʾ−ڲ|�ʾ̣̣|� � Ʒ � �ý( ̃ʾ) �ʾڲ+˥ڳ� �ʾ−ڳ|̣|ڳ + �ڳ|̣�| ,

˒˺ƷȚ ˥ȚƆ˥ ǘʹ˺Ɔ˥Ȫʂɱ ݧڵܿ%ݦ ƭǘƷʂɩǘ˒

ɩȪɱ � ڳڲ , ڳڲ + ˥� �
j( �ʾ, ̃ʾ) ʾڳ|̣�|�˥ڳ + հڳ|̣|ڳ�� �

j( �ʾ, ̃ʾ) ʾ˥+ڲ|ȇ|�ʾ˥ |�̣| + ծʾ˥−ڲ|̣|� + ծ����˥(ɱ + ˥ڳ � ����(ڳ �j( �ʾ, ̃ʾ) ʾڳ|̣|ڳ−˥ڳ+ Ʒ(ɱ, ˥) � � �
ý( �ʾ) �ʾڲ+˥ڳ� �ʾ−ڳ|̣|ڳ + ڳ|̣�| � հڳ|̣|ڳ� + �ý( ̃ʾ) �ʾڳ|̣�|�ڲ+˥ڳ + ��ڳ|̣| .

%̰ Ɔ˒˒˺ɩʳ˥Ȫʂɱܪ ̣ǘ ȚƆ̝ụ̈́ � vڳ˥ (�ɱ)ܪ ˒˺ƷȚ ˥ȚƆ˥ ƆƷƷʂʾǃȪɱȇ ˥ʂ �ǘɩɩƆ�ܿڳ ˥Țǘ ɑʂ̣ǘʾ ɑȪɩȪ˥
Ȅʂʾ �ʾ �� � ʂȄ ˥Țǘ ɑƆ˒˥ ƭʂ˺ɱǃƆʾ̰ Ȫɱ˥ǘȇʾƆɑ ̝ƆɱȪ˒Țǘ˒ܿ vǘɱƷǘ ̣ǘ ɩƆ̰ ʾǘʳɑƆƷǘ j( �ʾ, �ʾ) ƭ̰
qę( �ʾ) Ɔɱǃ Ȫɱ ƆǃǃȪ˥Ȫʂɱ ˺˒ǘ ŋʂ˺ɱȇކ˒ Ȫɱǘʹ˺ƆɑȪ˥̰ ˥ʂ ʂƭ˥ƆȪɱ�����ʾ˥�̣ڳ�ڳ�����(qę( �ʾ)) + հڳ �����ʾ˥̣ڳ�ڳ�����(qę( �ʾ))� Ʒ(ɱ, ˥) � � �����ʾ˥+ڲȇڳ�ڳ�����(qę( �ʾ)) + �����ʾ˥−ڳ�ڳ�����̣ڲ(qę( �ʾ)) + �

ý( �ʾ) �ʾڳ|̣�|�ڲ+˥ڳ � հڳ|̣|ڳ + �ʾ−ڳ|̣|ڳ�� �ݧڶܿ%ݦ Ʒ(ɱ, ˥) � � �ȇڲ+˥ڳ�ڳ�(�ɱ) + (�ɱ)ڲ−˥ڳ�ڳ�̣� + �
ý( �ʾ) �ʾڳ|̣�|�ڲ+˥ڳ � հڳ|̣|ڳ + �ʾ−ڳ|̣|ڳ�� .

±ʂ̣ ˒˺ʳʳʂ˒ǘ ˥ȚƆ˥ ˒ = ˥ܿ ĊȚǘɱ ˥Țǘ Ɔ˒˒ǘʾ˥Ȫʂɱ ˒Ȫɩʳɑ̰ Ȅʂɑɑʂ̣˒ ƭ̰ ƷȚʂʂ˒Ȫɱȇ �ʾ := ڲ Ɔ˒ ˥Țǘ
˥ʾƆƷǘ ˥Țǘʂʾǘɩ ƭʂ˺ɱǃ˒ ˥Țǘ ˒˺ʾȄƆƷǘ Ȫɱ˥ǘȇʾƆɑ ƭ̰ ((ڲ)ę)ڳvڳ�̣� Ɔɱǃ ̣Ȫ˥Ț �ǘɩɩƆ ڲܿ%

�̣�vڲ˥ (�ɱ) � Ʒ(ɱ, ˒, �) � � �ȇڲ+˥ڳ��(�ɱ) + (�ɱ)ڲ−˥ڳ��̣� + �̣�vڳ(ę(ڳ)) �� Ʒ(ɱ, ˒, �) � � �ȇڲ+˥ڳ��(�ɱ) + (�ɱ)ڲ−˥ڳ��̣� + �̣�vڲ−˥ڳ(�ɱ) �
Brought to you by | Columbia University Libraries

Authenticated
Download Date | 8/31/19 4:08 PM
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� Ʒ(ɱ, ˒, �) � � �ȇڲ+˥ڳ��(�ɱ) + (�ɱ)ڲ−˥ڳ��̣� + �ә̣ڲ−ڳ��(�ɱ) �� Ʒ(ɱ, ˒, �) � � �ȇڲ+˥ڳ��(�ɱ) + (�ɱ)ڲ−˥ڳ��̣� �
Țʂɑǃ˒ܿ gʂʾ ˥Țǘ ƷƆ˒ǘ ̣ �� ܪ(�ɱ)˒ڳ� ɑǘ˥ �˒ := ˒˺ʳ �ɩ � � ���� ˺ � ܿ�ɩ(�ɱ)ڳ� ĊȚǘɱܪ ̣ܿ ɑܿ ʂܿ ȇܿڵܪ ̣ǘ
ɩƆ̰ Ɔ˒˒˺ɩǘ �˒ � ڳ/ڲ < ˥ < �˒ < ˒ � ˥ + ڳ/ڲ ,
ȚǘɱƷǘ ձ := �ڲ �˒)ڳ ˥) � ,ڱ) ܿ(ڲ ¬˺ɑ˥Ȫʳɑ̰Ȫɱȇ ݧڶܿ%ݦ ̣Ȫ˥Ț �ʾ−ձ Ɔɱǃ Ȫɱ˥ǘȇʾƆ˥Ȫɱȇ Ȅʾʂɩ ڲ ˥ʂ ˒ʂɩǘ�ʾ > ڲ ɑǘƆǃ˒ ˥ʂܩ�ʾ�

ڲ

�ʾ−ձ �
qę( �ʾ) ʾڳ|̣�|�˥ڳ + հڳ|̣|ڳ� ǃ �ʾ � Ʒ(ɱ, ˥) � �

�ʾ�
ڲ

�ʾ−ձ �
qę( �ʾ) ʾڳ+˥ڳ|ȇ|ڳ + ʾڳ|̣|ڳ−˥ڳ ǃ �ʾ+ �

j(ڲ, �ʾ) ʾڲ+˥ڳ−ձ�|�̣|ڳ � հڳ|̣|ڳ + ʾ−ڳ|̣|ڳ�� ݧڷܿ%ݦ

%̰ g˺ƭȪɱȪކ˒ ˥Țǘʂʾǘɩܪ ̣ǘ ȚƆ̝ǘ Ȅʂʾ ƆʾƭȪ˥ʾƆʾ̰ Ț � ��ʾ(�ɱ)ڲ�
ڲ

�ʾ−ձ �
qę( �ʾ) Ț ǃ �ʾ =

�ʾ�
ڲ

∞��ʾ �ý(ց) �ʾ−ձ Ț ǃց ǃ �ʾ = ڲ�∞ ɩȪɱ{ց, �ʾ}�
ڲ

�ʾ−ձ �
ý(ց) Ț ǃ �ʾ ǃց= ∞�

ڲ

ڲ) � ձ)−ڲ ɩȪɱ �ցڲ−ձ � ,ڲ �ʾڲ−ձ � �ڲ �
ý(ց) Ț ǃց= ∞�

ڲ

�
ý(ց) ڲ) � ձ)−ڲ ɩȪɱ �ʾڲ−ձ � ,ڲ �ʾڲ−ձ � յ:=��������������������������������������������������������������ڲ �ʾ Ț ǃց = �

qę(ڲ) յ �ʾ Ț,
˒˺ƷȚ ˥ȚƆ˥ ݧڷܿ%ݦ ƭǘƷʂɩǘ˒ ɱʂ˥ǘݦ ˥ȚƆ˥ յ �ʾ � ڲ) � ձ)−ڲ � ʾڲ−ձ Ɔɱǃ ڲ � ձ = ˒)ڳ � �ݧ(˥

qę(ڲ) յ �ʾ ʾڳ|̣�|�˥ڳ + հڳ|̣|ڳ� ݧڸܿ%ݦ

� Ʒ(ɱ, ˥) � � �
qę(ڲ) յ �ʾ�ʾڳ+˥ڳ|ȇ|ڳ + ʾڳ|̣|ڳ−˥ڳ� + �j(ڲ, �ʾ) ʾڲ+˥ڳ−ձ�|�̣|ڳ � հڳ|̣|ڳ + ʾ−ڳ|̣|ڳ��� Ʒ(ɱ, ˒) � � �ȇڲ+˒ڳ�ڳ�(�ɱ) + (�ɱ)ڲ−˒ڳ�ڳ�̣� + �

j(ڲ, �ʾ) ʾڳ|̣�|�˒ڳ � հڳ|̣|ڳ�� .
ڵ À˥Țǘʾ̣Ȫ˒ǘܪ ̣ǘ ʾǘʳɑƆƷǘ ˒ Ɔɱǃ ˥ ƭ̰ ˥Ɉ := ˥ + Ɉ/ڵ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ ˒Ɉ := ˥Ɉ+ܪڲ Ɉ = ,ڱ ,ڲ ,ڳ . . . Ɔɱǃ ʂƭ˥ƆȪɱ ˥Țǘ
Ɔ˒˒ǘʾ˥Ȫʂɱ ƆȄ˥ǘʾ ͘ɱȪ˥ǘɑ̰ ɩƆɱ̰ ˒˥ǘʳ˒ ʂȄ ˥Țǘ ˥̰ʳǘ ˥Ɉ < ˒Ɉ ≤ ˥Ɉ + ڳ/ڲ ƷȄܿݦ �ʳʳǘɱǃȪ̭ܪ ýǘƷ˥Ȫʂɱ ܪ, êʾʂʂȄ ʂȄ
�ǘɩɩƆ ܿݧڲܿڵ
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ڳڸڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

gȪɱƆɑɑ ܪ̰ ɑʂʂɈ Ɔ˥

ñǘ �
j(ڲ, �ʾ) ʾڳ˒ẹ̑ = ñǘ �j(ڲ, �ʾ) ʾڳ˒ȇ �̝ .

�ʳʳɑ̰Ȫɱȇ �ǘɩɩƆ ܪڵܿ� ̣ǘ ʂƭ˥ƆȪɱ ƆȄ˥ǘʾݦ ˒ʂɩǘ ʾǘƆʾʾƆɱȇǘɩǘɱ˥˒ݧ�
j(ڲ, �ʾ) ʾڳ|̣�|�˒ڳ � հڳ|̣|ڳ�= �ñǘ �

j(ڲ, �ʾ) ʾڳ˒ẹ̑ + ˒(ɱ + ˒ڳ � (ڳ �j(ڲ, �ʾ) ʾڳ|̣|ڳ−˒ڳ+ �
ý( �ʾ) �ʾڳ˒�ñǘ ��ʾ̣̣� � ˒ �ʾ−ڳ|̣|ڲ� � �ý(ڲ) �ñǘ ��ʾ̣̣� � ��ڳ|̣|˒ Ʒ(ɱ, ˒) � � �

j(ڲ, �ʾ) �ʾڳ+˒ڳ|ȇ|ڳ + ʾڳ|̣|ڳ−˒ڳ� + �ý(ڲ) ڳ|̣�|� + �ڳ|̣| + �ý( �ʾ) �ʾڳ|̣�|�˒ڳ + ��ڳ|̣| ,
ȚǘɱƷǘ Ȫɱȇ˒˺ݦ ˥Țǘ ˥ʾƆƷǘ ˥Țǘʂʾǘɩ Ɔɱǃ �ǘɩɩƆ �ݧڲܿ%

j(ڲ, �ʾ) ʾڳ|̣�|�˒ڳ � հڳ|̣|ڳ�� Ʒ(ɱ, ˒) � � �ȇڲ+˒ڳ�ڳ�(�ɱ) + (�ɱ)ڲ−˒ڳ�ڳ�̣� + ((ڲ)ę)ڳvڳ�̣� + �
ý( �ʾ) �ʾڳ|̣�|�˒ڳ + ���ڳ|̣| Ʒ(ɱ, ˒, �) � � �ȇڲ+˒ڳ�ڳ�(�ɱ) + (�ɱ)ڲ−˒ڳ�ڳ�̣� + �

ý( �ʾ) �ʾڳ|̣�|�˒ڳ + ��ڳ|̣|
ݧڹܿ%ݦ

Ɔɱǃ Ȫɱ˒ǘʾ˥Ȫɱȇ ݧڹܿ%ݦ Ȫɱ˥ʂ ݧڸܿ%ݦ ̣ǘ ǘɱǃ ˺ʳ ̣Ȫ˥Ț�
qę(ڲ) յ �ʾ ʾڳ|̣�|�˥ڳ + հڳ|̣|ڳ� � Ʒ(ɱ, ˒, �) � � �ȇڲ+˒ڳ�ڳ�(�ɱ) + (�ɱ)ڲ−˒ڳ�ڳ�̣� + �ý( �ʾ) �ʾڳ|̣�|�˒ڳ + .��ڳ|̣|
�ȇƆȪɱ ˥Țǘ ɑʂ̣ǘʾ ɑȪɩȪ˥ Ȅʂʾ �ʾ �� � ʂȄ ˥Țǘ ƭʂ˺ɱǃƆʾ̰ Ȫɱ˥ǘȇʾƆɑ ̝ƆɱȪ˒Țǘ˒ ƷȄܿݦ �ǘɩɩƆ ڳܿ�
Ɔɱǃ ʂƭ˒ǘʾ̝ǘ ˥ȚƆ˥̣ � vڳ˒− ڳڲ (�ɱ)ܪ ˒ȪɱƷǘ ڱ < ˒� ˥ � ڳ/ڲ ƭ̰ Ɔ˒˒˺ɩʳ˥Ȫʂɱܪݧ ˒˺ƷȚ ˥ȚƆ˥ ʳƆ˒˒Ȫɱȇ
˥ʂ ˥Țǘ ɑȪɩȪ˥ ʂɱ Ɔ ˒˺Ȫ˥Ɔƭɑǘ ˒˺ƭ˒ǘʹ˺ǘɱƷǘܪ ̣ǘ ʂƭ˥ƆȪɱ�̣ڳ�ڳ�˒(�ɱ) � Ʒ(ɱ, ˒, �) � � �

qę(ڲ)(ڲ � ձ)−ڲʾڲ+˥ڳ−ձ�|�̣|ڳ + հڳ|̣|ڳ� + ((ڲ)ę)˒ڳ�ڳ�̣� �� Ʒ(ɱ, ˒, �) � � ɑȪɩ�ʾ�∞ �
qę(ڲ) յ �ʾʾڳ|̣�|�˥ڳ + հڳ|̣|ڳ� + ((ڲ)ę)ڲ−˒ڳ�ڳ�̣� �� Ʒ(ɱ, ˒, �) � � �ȇڲ+˒ڳ�ڳ�(�ɱ) + (�ɱ)ڲ−˒ڳ�ڳ�̣� � ,

˒Țʂ̣Ȫɱȇ ̣ � (�ɱ)˒ڳ� Ɔɱǃ ˥Țǘ ʾǘʹ˺Ȫʾǘǃ ǘ˒˥ȪɩƆ˥ǘܿ
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڴڸڴ

�ǘɩɩƆ ڴܿ% �ݦ ʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘܿݧ �ǘ˥ ɱ � ܪ� ˥ < ܪڳ/ڲ� ڳ/ڲ < ˒ < ܪڲ Ɔɱǃ ɑǘ˥ � � �\ (ڱ) ƭǘ Ɔɱ
Ȫɱ˥ǘʾ̝Ɔɑܿ ĊȚǘɱ ˥Țǘʾǘ ṷ̈́Ȫ˒˥ Ʒ, ձ � ܪ(�,ڱ) ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ ծ � �+ ̣Ȫ˥Ț ծڳ = ջڳ + Ȫջւܪ ջ � ܪ�
ւ � ,ڱ) [ڲ Ɔɱǃ ȇ � ә)�����(�ɱ)˒ڳ� + ծ)−ڲȇڳ������˥ (�ɱ) + �����ṷ̈́ʳ(�Ȫջʾ)(ә + ծ)−ڲȇ�����vڲ

�(�ɱ)ڳ−˒ Ʒ � � �ȇڳ��˒(�ɱ) + �����(ә + ծ)−ڲȇڳ������(Ӯ(ձ)) � ݧںܿ%ݦ

Țʂɑǃ˒ܿ

�Ɉǘƭǘ Ɔɱǃ ýƆȪ˥ʂ ݛڷݚ ʳʾʂ̝ǘǃ ˥ȚȪ˒ ǘ˒˥ȪɩƆ˥ǘ Ȅʂʾ ˥Țǘ ˒ʳƆƷǘ ǃȪɩǘɱ˒Ȫʂɱ ɱ = ڴ Ɔɱǃ ̣Ȫ˥Ț
˥ = ܪ˒� ̣ȚȪƷȚ ƆɑʾǘƆǃ̰ ˒Țʂ̣˒ ˥Țǘ ʾǘ˒˺ɑ˥ Ɔɑ˒ʂ Ȅʂʾ Ɔɱ̰ ˥ < ڳ/ڲ� Ɔ˒ ˥Țǘ ɱʂʾɩ˒ ǃǘʳǘɱǃ
ɩʂɱʂ˥ʂɱȪƷ ʂɱ ˥Țǘ ʳƆʾƆɩǘ˥ǘʾ˒ ˒ Ɔɱǃ ˥ܿ gʂʾ ƆʾƭȪ˥ʾƆʾ̰ ˒ʳƆƷǘ ǃȪɩǘɱ˒Ȫʂɱ˒ܪ ̣ǘ Ȅʂɑɑʂ̣ ˥Țǘ
ʳʾʂʂȄ ʂȄ ĺʂȇǘɑ˒Ɔɱȇ ܪڲڳݚ ýƆ˥̀ ܿݛڵ

êʾʂʂȄܿ gȪʾ˒˥ ʂȄ Ɔɑɑܪ ʂƭ˒ǘʾ̝ǘ ˥ȚƆ˥

ә : vڳ(�ɱ) � (�ɱ)ڳ� �� ,(�ɱ)ڳ� ̣ ��� ә̣

Ȫ˒ ˒ǘɑȄݱƆǃɀʂȪɱ˥ Ɔɱǃܪ ˥ȚǘʾǘȄʂʾǘܪ ̣ := (ә + ծ)−ڲȇ � vڳ(�ɱ) Ȫ˒ ̣ǘɑɑݱǃǘ͘ɱǘǃܿ ¬ʂʾǘʂ̝ǘ ʾܪ ǃ˺ǘ
˥ʂ ˥Țǘ ɩʂɱʂ˥ʂɱǘ ǃǘʳǘɱǃǘɱƷǘ ʂȄ ˥Țǘ ɱʂʾɩ˒ ʂɱ ˥Țǘ ʳƆʾƆɩǘ˥ǘʾ˒ ˒ Ɔɱǃ ܪ˥ Ȫ˥ Ȫ˒ ǘɱʂ˺ȇȚ ˥ʂ
ƷʂɱƷǘɱ˥ʾƆ˥ǘ ʂɱ ˥Țǘ ƷƆ˒ǘ ˥ = �˒ܿ ŀȪ˥Ț ̣ǘ := ṷ̈́ʳ(�Ȫջʾ)̣ Ɔɱǃ ȇǘ := ṷ̈́ʳ(�Ȫջʾ)ȇܪ ̣ǘ ȚƆ̝ǘ
̣ǘ � vڳ(Ӯ) Ɔɱǃ

ә̣ǘ + Ȫջ�ւ̣ǘ + ɱ � ʾڲ ̣ǘ + ��ʾ̣ǘڳ = ȇǘ .
�ʳʳɑ̰Ȫɱȇ �ǘɩɩƆ ڵܿ� ˥ʂ

ñǘ �
j(ڲ, ̃ʾ) ȇǘ�ʾڲ−˒ڳ�ʾ̣ǘ + ɱ � ڳڲ ʾ̣ڳ−˒ڳǘ + ւڳ ʾ̣ڲ−˒ڳǘ� = � � � ,

̣Ȫ˥Ț �ʾ > ڲ Ɔɱǃ ˺˒Ȫɱȇ ˥Țǘ ˒Ɔɩǘ ˥ǘƷȚɱȪʹ˺ǘ˒ Ɔ˒ Ȫɱ ˥Țǘ ʳʾʂʂȄ ʂȄ �ǘɩɩƆ ڳܿ% ̣ǘ ʂƭ˥ƆȪɱ

ڲ
ڳ �
j(ڲ, ̃ʾ) ʾڵ)�ڳ−˒ڳ˒ � ڳ|�ʾ̣ǘ|(ڵ � ˒ڳ) � �ڳ|ụ̈́�|(ڴ + ڳڲ �

j(ڲ, ̃ʾ) ʾڲ−˒ڳւ|�̣ǘ|ڳ
= �ñǘ �

j(ڲ, ̃ʾ) ȇǘ�ʾڲ−˒ڳ�ʾ̣ǘ + ɱ � ڳڲ ʾ̣ڳ−˒ڳǘ + ւڳ ʾ̣ڲ−˒ڳǘ�
+ ɱ � ڳڲ (˒ � ɱ)(ڲ + ˒ڳ � (ڵ �

j(ڲ, ̃ʾ) ʾڵ−˒ڳ|̣ǘ|ڳ + ւڵ ˒ڳ) � ɱ)(ڲ + ˒ڳ � (ڴ �
j(ڲ, ̃ʾ) ʾڴ−˒ڳ|̣ǘ|ڳ

+ ڳڲ �
ý( ̃ʾ) �ʾڲ−˒ڳ ڳ|�ʾ̣ǘ|ڳ� + ւñǘ ��ʾ̣ụ̈́ǘ� � |�̣ǘ|ڳ � ˒ڳ) � �ʾ(ڲ ւ|̣ǘ|ڳ �
+ (ɱ � ڳ(ڲ �

ý( ̃ʾ) �ʾڳ−˒ڳ �ñǘ ��ʾ̣ụ̈́ǘ� � ˒ � �ʾڲ |̣ǘ|ڳ�
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� ڳڲ �
ý(ڲ) ڳ|�ʾ̣ǘ|ڳ� + ւñǘ ��ʾ̣ụ̈́ǘ� � |�̣ǘ|ڳ � ˒ڳ) � (ڲ ւ|̣ǘ|ڳ�
� (ɱ � ڳ(ڲ �

ý(ڲ) �ñǘ ��ʾ̣ụ̈́ǘ� � (˒ � �ڳ|ụ̈́|(ڲ .
ýȪɱƷǘ ˒ڵ � ڵ < ڱ Ɔɱǃ |�ʾ̣ǘ| � |�̣ǘ|ܪ ˥Țǘ ɑǘȄ˥ݱȚƆɱǃ ˒Ȫǃǘ ƷƆɱ ƭǘ ǘ˒˥ȪɩƆ˥ǘǃ Ȅʾʂɩ ƭǘɑʂ̣

ڲ
ڳ �
j(ڲ, ̃ʾ) ʾڵ)�ڳ−˒ڳ˒ � ڳ|�ʾ̣ǘ|(ڵ � ˒ڳ) � �ڳ|ụ̈́�|(ڴ + ڳڲ �

j(ڲ, ̃ʾ) ʾڲ−˒ڳւ|�̣ǘ|ڳ
� ڳڲ �

j(ڲ, ̃ʾ) ʾڵ)�ڳ−˒ڳ˒ � (ڵ � ˒ڳ) � ڳ|ụ̈́�|�(ڴ = �˒ � �ڳڲ �
j(ڲ, ̃ʾ) ʾڳ−˒ڳ|�̣ǘ|ڳ ,

̣ȚȪɑǘ Ȅʂʾ ˥Țǘ ʾȪȇȚ˥ݱȚƆɱǃ ˒Ȫǃǘ ̣ǘ ʂƭ˥ƆȪɱ� ñǘ �
j(ڲ, ̃ʾ) ȇǘ�ʾڲ−˒ڳ�ʾ̣ǘ + ɱ � ڳڲ ʾ̣ڳ−˒ڳǘ + ւڳ ʾ̣ڲ−˒ڳǘ� + � � �
� �
j(ڲ, ̃ʾ) ʾ˒|ȇǘ|�ʾ˒−ڲ|�̣ǘ| + ɱ � ڳڲ ʾ˒−ڳ|̣ǘ| + ւڳ ʾ˒−ڲ|̣ǘ|�
+ Ʒ �� �

j(ڲ, ̃ʾ) ʾڵ−˒ڳ|̣ǘ|ڳ + ւ �
j(ڲ, ̃ʾ) ʾ˒−ڳ|̣ǘ|ʾ˒−ڲ|̣ǘ|

+ �
ý(ڲ) �|�̣ǘ|ڳ + |�ʾ̣ụ̈́ǘ| + |̣ǘ|ڳ� + �

ý( ̃ʾ) �ʾڲ−˒ڳ�|�̣ǘ|ڳ + |�ʾ̣ụ̈́ǘ| + |̣ǘ|ڳ�� ,
̰ȪǘɑǃȪɱȇ�˒ � �ڳڲ �

j(ڲ, ̃ʾ) ʾڳ−˒ڳ|�̣ǘ|ڳ
� �
j(ڲ, ̃ʾ) ʾ˒|ȇǘ|�ʾ˒−ڲ|�̣ǘ| + ɱ � ڳڲ ʾ˒−ڳ|̣ǘ| + ւڳ ʾ˒−ڲ|̣ǘ|� + Ʒ �� �

j(ڲ, ̃ʾ) ʾڵ−˒ڳ|̣ǘ|ڳ
+ ւ �

j(ڲ, ̃ʾ) ʾڳ−˒ڳ|̣ǘ| + �
ý(ڲ) �|�̣ǘ|ڳ + |̣ǘ|ڳ� + �

ý( ̃ʾ) �ʾڲ−˒ڳ�|�̣ǘ|ڳ + |̣ǘ|ڳ�� .
vǘʾǘܪ Ɔ˒ ̣ǘɑɑ Ɔ˒ Ȫɱ ˥Țǘ ˒ǘʹ˺ǘɑܪ Ʒ � (�,ڱ) ǃǘɱʂ˥ǘ˒ Ɔ ȇǘɱǘʾȪƷ Ʒʂɱ˒˥Ɔɱ˥ Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ջܪ
ւܪ ̣ Ɔɱǃ ȇܿ �ƷƷʂʾǃȪɱȇ ˥ʂ �ǘɩɩƆ ܪڳܿ� ˥Țǘ ɑʂ̣ǘʾ ɑȪɩȪ˥ Ȅʂʾ �ʾ �� � ʂȄ ˥Țǘ ɑƆ˒˥ ƭʂ˺ɱǃƆʾ̰
Ȫɱ˥ǘȇʾƆɑ ̝ƆɱȪ˒Țǘ˒ܿ ĊȚ˺˒ ̣ǘ ɩƆ̰ ʂɩȪ˥ Ȫ˥ Ɔɱǃ ʾǘʳɑƆƷǘ j(ڲ, �ʾ) ƭ̰ qę(ڲ)ܪ ˒˺ƷȚ ˥ȚƆ˥ ˺˒Ȫɱȇ
ŋʂ˺ɱȇކ˒ Ȫɱǘʹ˺ƆɑȪ˥̰ ̣ǘ ǘɱǃ ˺ʳ ̣Ȫ˥Ț�����ʾ˒−ڲ �̣ǘ

((ڲ)qę)ڳ�ڳ�����
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڶڸڴ

� Ʒ � � ����ʾ˒ȇǘڳ�ڳ����(qę(ڲ)) + ւ �����ʾ˒−̣ڲǘ
((ڲ)qę)ڳ�ڳ����� + �����ʾ˒−̣ڳǘ

((ڲ)qę)ڳ�ڳ����� + �
ý(ڲ) �|�̣ǘ|ڳ + |̣ǘ|ڳ��

� Ʒ � � �ȇǘڳ�ڳ�(�ɱ) + ւ �̣ǘڲ−˒ڳ�ڳ�(�ɱ) + �̣ǘڳ−˒ڳ�ڳ�(�ɱ) + �
ý(ڲ) �|�̣ǘ|ڳ + |̣ǘ|ڳ�� .

�ɱ ƆǃǃȪ˥Ȫʂɱܪ ˥Țǘ ˒˺ʾȄƆƷǘ Ȫɱ˥ǘȇʾƆɑ Ȫ˒ ƭʂ˺ɱǃǘǃ ƭ̰ �̣ǘڳ�vڳ(ę(ڲ)) ʾƆƷǘ˥ݦ ˥Țǘʂʾǘɩݧ Ɔɱǃ
�ǘɩɩƆ ڲܿ% ̰Ȫǘɑǃ˒�̣ǘ�vڳ(ę(ڳ)) � Ʒ � �̣ǘ�vڳ−˒(�ɱ) � Ʒ � ��ȇǘڳ��˒(�ɱ) + �̣ǘڳ��−˒(�ɱ) � ,
˒Țʂ̣Ȫɱȇ��̣ǘڲ−˒ڳ�ڳ�(�ɱ) � Ʒ � � �ȇڳ�ڳ�(�ɱ) + ւ �̣ǘڲ−˒ڳ�ڳ�(�ɱ) + �̣ǘڳ−˒ڳ�ڳ�(�ɱ) + �̣ǘڳ�vڳ(ę(ڲ))� Ʒ � � �ȇڳ�ڳ�(�ɱ) + ւ (�ɱ)ڲ−˒ڳ�ڳ�̣� + (�ɱ)ڳ−˒ڳ�ڳ�̣� + (�ɱ)˒−ڳ�ڳ�̣� � .
%̰ ˥Țǘ ǃȪ͍ǘʾǘɱ˥ȪƆɑ ǘʹ˺Ɔ˥Ȫʂɱ ̣ǘ ˒ǘǘ�ȇڳ��(�ɱ) (�ɱ)ڳ��̣� � �����ɩ � ȇ ,̣ ����(�ɱ)ڳ�� = ����Ȫջւ �̣ ,̣ ����(�ɱ)ڳ�� = ւ|ջ| (�ɱ)ڳ�ڳ�̣� ,
ȚǘɱƷǘ ˒�ݦ > ˒ � ڲ�ṷ̈́ʳ(�Ȫջʾ)̣�vݧڳ

(�ɱ)ڳ−˒ � Ʒ � � �̣ǘڳ−˒ڳ��(�ɱ) + ��̣ǘڲ−˒ڳ��(�ɱ) �� Ʒ � � �ȇڳ�ڳ�˒(�ɱ) + ւ (�ɱ)ڲ−˒ڳ�ڳ�̣� + (�ɱ)˒−ڳ�ڳ�̣� �� Ʒ � � �ȇڳ��˒(�ɱ) + (�ɱ)˒−ڳ��̣� � , ݧڱڲܿ%ݦ

Ɔɱǃ Ȫ˥ ʾǘɩƆȪɱ˒ ˥ʂ ǘ˒˥ȪɩƆ˥ǘ ܿ(�ɱ)˒−ڳ��̣� gʂʾ ˥ȚƆ˥ܪ ̣ǘ ƷƆɑƷ˺ɑƆ˥ǘ
�ɩ �

j(ڲ, ̃ʾ) ȇụ̈́ǘ = �ɩ �
j(ڲ, ̃ʾ) ә̣ụ̈́ǘ + �

j(ڲ, ̃ʾ) ջ �ւ̣ǘ + ɱ � ʾڲ ̣ǘ � ̣ǘ + ջڳ ñǘ �
j(ڲ, ̃ʾ)�ʾ̣ụ̈́ǘ = � � � ,

˺˒Ȫɱȇ �ǘɩɩƆ ڵܿ� Ɔɱǃ ʂƭ˥ƆȪɱ

ջ �
j(ڲ, ̃ʾ) ʾ−ڳ)�˒ڳ˒ � ڳ|ụ̈́|(ڲ + ւʾ|̣ǘ|ڳ�
= �ɩ �

j(ڲ, ̃ʾ) ʾڳ−ڲ˒ȇụ̈́ǘ � ˒ڳ) � (ڲ �
j(ڲ, ̃ʾ) ʾ−ڳ˒ �ɩ ��ʾ̣ụ̈́ǘ�

+ �
ý( ̃ʾ) ʾڳ−ڲ˒�ւ|̣ǘ|ڳ + �ɩ ��ʾ̣ụ̈́ǘ�� � �

ý(ڲ) �ւ|̣ǘ|ڳ + �ɩ ��ʾ̣ụ̈́ǘ��
� �
j(ڲ, ̃ʾ) ʾ˒|ȇǘ|ʾڴ−ڲ˒|̣ǘ| + ˒ڳ) � (ڲ �

j(ڲ, ̃ʾ) ʾ˒−ڲ|�ʾ̣ǘ|ʾڴ−ڲ˒|̣ǘ|
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+ Ʒ �� �
ý( ̃ʾ) ʾڳ−ڲ˒�|̣ǘ|ڳ + |�ʾ̣ụ̈́ǘ|� + �

ý(ڲ) �|̣ǘ|ڳ + |�ʾ̣ụ̈́ǘ|��
� � ����ʾ˒ȇǘڳ�����(j(ڲ, ̃ʾ)) + ˒ڳ) � (ڲ �����ʾ˒−ڲ �̣ǘ

,ڲ)j)ڳ������ ̃ʾ)) � � �����ʾڴ−ڲ˒̣ǘ
,ڲ)j)ڳ������ ̃ʾ))+ Ʒ �� �

ý(ڲ) �|̣ǘ|ڳ + |�̣ǘ|ڳ� + �
ý( ̃ʾ) �ʾڳ−ڲ˒�|̣ǘ|ڳ + |�̣ǘ|ڳ�� .

�˒ ƭǘȄʂʾǘܪ ˥Țǘ ɑʂ̣ǘʾ ɑȪɩȪ˥ Ȅʂʾ �ʾ �� � ʂȄ ˥Țǘ ɑƆ˒˥ ƭʂ˺ɱǃƆʾ̰ Ȫɱ˥ǘȇʾƆɑ ̝ƆɱȪ˒Țǘ˒ ƷȄܿݦ
�ǘɩɩƆ ڳܿ� Ɔɱǃ ʂƭ˒ǘʾ̝ǘ ˥ȚƆ˥ ̣ǘ � vڳ(Ӯ)ܪ ˒ > ܪݧڱ ˒˺ƷȚ ˥ȚƆ˥ ̣ǘ ɩƆ̰ ʂɩȪ˥ Ȫ˥ Ɔɱǃ ʾǘʳɑƆƷǘ
j(ڲ, �ʾ) ƭ̰ qę(ڲ)ܪ ̰ȪǘɑǃȪɱȇ Ȫ˥Ț̣ݦ ����ʾ−˒̣ǘݧݧڱڲܿ%ݦ

�((ڲ)qę)ڳ�ڳ���� Ʒ � �� ����ʾ˒ȇǘڳ�����(qę(ڲ)) + �����ʾ˒−̣�ڲǘ
((ڲ)qę)ڳ������ � � �����ʾڴ−ڲ˒̣ǘ

((ڲ)qę)ڳ������ + �
ý(ڲ) �|̣ǘ|ڳ + |�̣ǘ|ڳ��

� Ʒ � �� �ȇǘڳ��˒(�ɱ) + ��̣ǘڲ−˒ڳ��(�ɱ) � � �̣ǘڴ−ڲڳ��˒(�ɱ) + �
ý(ڲ) �|̣ǘ|ڳ + |�̣ǘ|ڳ�� .

�˒ ˥Țǘ ˒˺ʾȄƆƷǘ Ȫɱ˥ǘȇʾƆɑ Ȫ˒ ƭʂ˺ɱǃǘǃ ƭ̰ �̣ǘڳ�vڳ(ę(ڲ)) ʾƆƷǘ˥ݦ ˥Țǘʂʾǘɩݧ Ɔɱǃ ̣Ȫ˥Ț ݧڱڲܿ%ݦ ̣ǘ
ʂƭ˥ƆȪɱ �̣ǘڳ�ڳ�−˒(�ɱ) � Ʒ � �� �ȇǘڳ��˒(�ɱ) + ��̣ǘڲ−˒ڳ��(�ɱ) � � �̣ǘڴ−ڲڳ��˒(�ɱ) + �̣ǘڳ�vڳ(ę(ڳ)) �� Ʒ � �� �ȇǘڳ��˒(�ɱ) + �̣ǘڳ��−˒(�ɱ) � � �̣ǘڴ−ڲڳ��˒(�ɱ) + �̣ǘڳ�vڳ(ę(ڳ)) � ,
ȚǘɱƷǘ ˒ކŋʂ˺ɱȇݦ Ȫɱǘʹ˺ƆɑȪ˥̰̣�ݧǘڳ�ڳ�−˒(�ɱ) � Ʒ � ��ȇǘڳ��˒(�ɱ) + �̣ǘڴ−ڲڳ��˒(�ɱ) + �̣ǘڳ�vڳ(ę(ڳ)) � ,
gȪɱƆɑɑ ܪ̰ ˺˒Ȫɱȇ ʂɱƷǘ ƆȇƆȪɱ �ǘɩɩƆ ڲܿ% ̣ǘ ƆʾʾȪ̝ǘ Ɔ˥�̣ǘڳ�ڳ�−˒(�ɱ) � Ʒ � � �ȇǘڳ��˒(�ɱ) + �̣ǘڴ−ڲڳ��˒(�ɱ) � ,
̣ȚȪƷȚ ˥ʂȇǘ˥Țǘʾ ̣Ȫ˥Ț ݧڱڲܿ%ݦ Ɔɱǃ �ǘɩɩƆ ڲܿ� ȪɩʳɑȪǘ˒�̣ڳ��−˒(�ɱ) + �ṷ̈́ʳ(�Ȫջʾ)̣�vڲ

(�ɱ)ڳ−˒ � Ʒ � � �ȇڳ��˒(�ɱ) + (Ӯ(ձ))ڳ��̣� � ݧڲڲܿ%ݦ

̣Ȫ˥Ț Ʒ, ձ > ڱ Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ջܪ ւܪ ̣ Ɔɱǃ ȇܿ

�ʳʳǘɱǃȪ̭ ,ܿ êʾʂʂȄ˒ Ȫɱ ˥Țǘ ƷƆ˒ǘ ʂȄ ˥Țǘ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ
¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒
ĊȚȪ˒ ˒ǘƷ˥Ȫʂɱ ǃǘƆɑ˒ ̣Ȫ˥Ț ˥Țǘ ʳʾʂʂȄ˒ ʂȄ ˥Țǘ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ ɑǘɩɩƆܪ ˥Țǘ ʳʂɑ̰ɱʂɩȪƆɑ ǃǘƷƆ ܪ̰
Ɔɱǃ ˥Țǘ Ɔ ʳʾȪʂʾȪ ǘ˒˥ȪɩƆ˥ǘܪ ̣ȚȪƷȚ ̣ǘ ˒ɈȪʳʳǘǃ Ȫɱ ˥Țǘ ɩƆȪɱ ʳƆʾ˥ܿ
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êʾʂʂȄ ʂȄ �ǘɩɩƆ ܿڲܿڵ ŀǘ ˒˥Ɔʾ˥ ̣Ȫ˥Ț ˺ = մ˺ + �մ˺ܪ ɱʂ˥Ȫɱȇ ˥ȚƆ˥ �մ˺ � ñ˥ܿ ¬ʂʾǘʂ̝ǘ ʾܪ
ñʂ˥ �մ˺ = ,ñʂ˥, �մ˺ + �մñʂ˥ ˺ = ,ñʂ˥, �մ˺ � Ȫ �մӠȄ � Ȫֈ �մӠ˺

Ɔɱǃ ̣ǘ ȚƆ̝ǘ �ñʂ˥+ ȪֈӠڱ� �մ˺ = �,ñʂ˥, �մ � Ȫֈ �մ �Ӡ�˺ � Ȫ �մӠȄ = Ȅڲ � ˒ڳ� ,
˒ȪɱƷǘ ˒˺ʳʳ� �մ Ȫ˒ ƷʂɩʳƆƷ˥ Ɔɱǃ ˥ + ո � ˒ܿ �ƷƷʂʾǃȪɱȇ ˥ʂ ܪڷڳݚ ĊȚǘʂʾǘɩ ܪݛڵ

Ȅڲ = Ȅñ + Ȅ6 + ȄS � ˒ñڱ � ˒6ڱ � S˒
Țʂɑǃ˒ Ɔɱǃ ̣ǘ ʂƭ˥ƆȪɱ

Ȫֈ �մӠڱ˺ = Ȅڲ � ñʂ˥ �մ˺ = Ȅ6 � ñʂ˥ �մ˺ + Ȅñ + ȄS .
6ǘ͘ɱȪɱȇ
ݮ ڲ˺ := � ȪֈӠ−ڱڲ �Ȅñ + ȄS� � ñ˒݈
ݮ �˺ := �մ˺ � ڲ˺ = Ȫ

ֈӠ−ڱڲ �ñʂ˥ �մ˺ � Ȅ6� � ñ˥ � ܪ˥6ڱ
ܪڹݚ �ǘɩɩƆ ݛڳܿڵ ˒Țʂ̣˒ �˺ � vڲ˥ Ɔɱǃ ̣ǘ ȚƆ̝ǘ�ñʂ˥+ ȪֈӠڱ� �˺ = ñʂ˥ � �մ˺ � �ڲ˺ + ȪֈӠڱ �˺ = Ȅ6 + Ȫ

ֈ
�Ӡڱ
ڲ− ñʂ˥ ȄS = Ȅڳ � ˒6ڱ .

±ṷ̈́˥ܪ ̣ǘ ˒ʂɑ̝ǘ �ñʂ˥+ ڳ˺�ڲ = Ȅܿڳ ę˒Ȫɱȇ gʂ˺ʾȪǘʾ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱܪ ̣ǘ ɑʂʂɈ Ɔ˥�˺ڳ := ڲ� + ʾڲ�ڲ−�ڳ � Ȫʾ ӣ�F(Ȅڳ)
ýȪɱƷǘ ˒ > ڳ/ڲ Ɔɱǃ Ȅڳ � ܪ˒ڳ� ̣ǘ ʂƭ˥ƆȪɱ �˺ � ܪڲڳ� ȚǘɱƷǘ ڳ˺ := F−ڲ( (ڳ˺� � vܿڲ ¬ʂʾǘʂ̝ǘ ʾܪ
F�F(Ȅڳ)� = P(Ȅڳ) � ˒ڳ� ܩPݦ ʳƆʾȪ˥̰ ʂʳǘʾƆ˥ʂʾݧ ̰ȪǘɑǃȪɱȇ F(Ȅڳ) � v˒ Ɔɱǃ Ɔ˒ ʳʾʂǃ˺Ʒ˥ ʂȄ Ɔɱ
v˒͘ݱǘɑǃ ̣Ȫ˥Ț ƭʂ˺ɱǃǘǃ ܪ˒Ȅ˺ɱƷ˥Ȫʂɱݱ∞, �˺ � v˒ ƷȄܿݦ ܪڱڴݚ �ǘɩɩƆ ܪݧݛڳܿڴ ȚǘɱƷǘ ڳ˺ � ܿ˒ڳ� �ɱ
ƆǃǃȪ˥Ȫʂɱ Ɔ ˒˥ʾƆȪȇȚ˥ Ȅʂʾ̣Ɔʾǃ ƷƆɑƷ˺ɑƆ˥Ȫʂɱ ˒Țʂ̣˒ F��ñʂ˥+ �ڳ˺�ڲ = F(Ȅڳ)ܪ ̣ȚȪƷȚ ƭ̰ ܪڹݚ
�ǘɩɩƆ ݛڳܿڵ ȪɩʳɑȪǘ˒ �ñʂ˥+ ڳ˺�ڲ = Ȅڳ Ɔɱǃ ڳ˺ � vڲ˒ � ˒6ڱ .
ĊȚǘɱ ˥ݦ � ݧ˒

ڴ˺ := �˺ � ڳ˺ � vڲ˥ � ˥6ڱ
˒Ɔ˥Ȫ˒͘ǘ˒�ñʂ˥+ ȪֈӠڴ˺�ڱ = �ñʂ˥+ ȪֈӠڱ� �˺ � �ñʂ˥+ ȪֈӠڳ˺�ڱ
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= Ȅڳ � �ñʂ˥+ ڳ˺�ڲ + ڲ� � ȪֈӠڳ˺�ڱ = ڲ� � ȪֈӠڳ˺�ڱ � vڲ˒ � ˒6ڱ
Ɔɱǃ ˺˒Ȫɱȇ ʂɱƷǘ ɩʂʾǘ ܪڹݚ �ǘɩɩƆ ݛڳܿڵ ̣ǘ ȇǘ˥

ڴ˺ � vڳ˥ � ˥6ڱ .
gȪɱƆɑɑ̰

ә˺ڴ = ñʂ˥ �ñʂ˥ �ڴ˺ = ڲ� � Ȫֈ�Ӡڱ�ñʂ˥ ڳ˺ � Ȫֈ�Ӡڱ ñʂ˥ =ڴ˺ ڲ� � Ȫֈ�Ӡڱ��Ȅڳ � �ڳ˺ � Ȫֈ�Ӡڲ��ڱ � ȪֈӠڳ˺�ڱ � ȪֈӠڴ˺ڱ�= ڲ� � Ȫֈ�Ӡڱ� Ȅڳ � ڲ� + ֈڳղڱպڳ˺�ڱ � ֈڳղڱպڴ˺ڱ

Țʂɑǃ˒ܪ Ɔɱǃ ȚǘɱƷǘ �ә + ֈڳղڱպڴ˺�ڱ = ڲ� � Ȫֈ�Ӡڱ� Ȅڳ � ڲ� + ֈڳղڱպڳ˺�ڱ.
ĊȚǘ Ɔ˒˒ǘʾ˥ǘǃ ǘ˒˥ȪɩƆ˥ǘ˒ Ȅʂɑɑʂ̣ ƭ̰ ˒˥ʾƆȪȇȚ˥Ȅʂʾ̣Ɔʾǃ ƷƆɑƷ˺ɑƆ˥Ȫʂɱ˒ ˺˒Ȫɱȇ ܪڹݚ �ǘɩɩƆ ݛڳܿڵ
Ɔɱǃ ˥Țǘ Ʒʂɱ˥Ȫɱ˺Ȫ˥̰ ʂȄ ˥Țǘ ʳʾʂɀǘƷ˥Ȫʂɱ˒ Ȅʾʂɩ ˒ڳ� Ȫɱ˥ʂ ܪ˒ñڱ ˒6ڱ Ɔɱǃ S˒ܿ

êʾʂʂȄ ʂȄ �ǘɩɩƆ ܿڳܿڵ �˒ Ȅʂʾ ˥ � ˒ � ڲ ˥Țǘʾǘ Ȫ˒ ɱʂ˥ȚȪɱȇ ˥ʂ ʳʾʂ̝ǘܪ ̣ǘ ƷʂɱƷǘɱ˥ʾƆ˥ǘ ʂɱ
˺ � ñ˥(Ӯ) ̣Ȫ˥Ț � ڳ/ڲ < ˥ < ˒ � ڲ .

ĊȚǘʾǘȄʂʾǘܪ Ɔ˒˒˺ɩǘ ͘ʾ˒˥ ˥ȚƆ˥ Ȫɱ ƆǃǃȪ˥Ȫʂɱ

˒ � ո < ˥ �� ˥ < ˒ < ˥ + ո .
ĊȚǘɱ ̣ǘ ɩƆ̰ Ɔʳʳɑ̰ �ǘɩɩƆ ڲܿڵ Ɔɱǃ ǃǘƷʂɩʳʂ˒ǘ ˥Țǘ ͘ǘɑǃ ˺ Ȫɱ

˺ = մ˺ + ڲ˺ + ڳ˺ + ڴ˺ ,
̣Ȫ˥Țմ˺+˺ڳ˺+ڲ � ñ˒(Ӯ) Ɔɱǃ˺ڴ � vڳ˥ ˒Ɔ˥Ȫ˒Ḛ̏Ȫɱȇ �ә+ֈڳղڱպڱ ڴ˺� � ܿ˒ڳ� ĊȚ˺˒ ˥Țǘʳʂɑ̰ɱʂɩȪƆɑ
ǃǘƷƆ̰ Ȅʂʾ ˥Țǘ vǘɑɩȚʂɑ˥̀ ǘʹ˺Ɔ˥Ȫʂɱ ƷȄܿݦ �ǘɩɩƆ ݧڳܿ% ˒Țʂ̣˒

ڴ˺ � vڲ−˒ڳ Ɔɱǃ ڲ−˒ڳ�vڴ˺� � Ʒ � � ������ә + ֈڳղڱպڳ������ڴ˺�ڱ˒ + ڳ−˒ڳ��ڴ˺� � ,
Ʒ = Ʒ(˒, �) > ܪڱ ̰ȪǘɑǃȪɱȇ ˺ = մ˺ + ڲ˺ + ڳ˺ + ڴ˺ � ñ˒−ڲ(Ӯ)ܿ ¬ʂʾǘʂ̝ǘ ʾܪ ˺˒Ȫɱȇ ˥Țǘ ǘ˒˥ȪɩƆ˥ǘ˒
ʂȄ �ǘɩɩƆ ڲܿڵ ̣ǘ ʂƭ˥ƆȪɱ ˺ɱȪȄʂʾɩɑ̰ ̣Ȫ˥Ț ʾǘ˒ʳǘƷ˥ ˥ʂ ֈܪ ܪ˺ Ɔɱǃ Ȅ�˺�ñ˒−ڲ(Ӯ) � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� + ڲ−˒ڳ��ڴ˺� �� Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� + ������ә + ֈڳղڱպڳ������ڴ˺�ڱ˒ + ڳ−˒ڳ��ڴ˺� �� Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ɩ(Ӯ)−˒ڳ��˺� � ,
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̣Țǘʾǘɩ := ɩȪɱ{ո, {ڳ Ɔɱǃ Ɔʳʳɑ̰Ȫɱȇ �ǘɩɩƆ ڲܿ� ̣ǘ ǘɱǃ ˺ʳ ̣Ȫ˥Ț�˺�ñ˒−ڲ(Ӯ) � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + (Ӯ(ձ))ڳ��˺� � ,
Ȅʂʾ Ʒ, ձ � (�,ڱ) Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ֈܪ ˺ Ɔɱǃ Ȅ ܿ ýʂ ɑǘ˥ ˺˒ ˒̣Ȫ˥ƷȚ ˥ʂ ˥Țǘ ƷƆ˒ǘ

˥ � ˒ � ո �� ˥ + ո � ˒ .
vǘʾǘܪ ˥Țǘ ȪǃǘƆ Ȫ˒ ˥ʂ ƆʳʳʾʂƆƷȚ ˒ ƭ̰ ʂ̝ǘʾɑƆʳʳȪɱȇ Ȫɱ˥ǘʾ̝Ɔɑ˒ ˥ʂ ̣ȚȪƷȚ ˥Țǘ ͘ʾ˒˥ ƷƆ˒ǘ Ȫ˒ Ɔʳݱ
ʳɑȪƷƆƭɑǘܿ gʂʾ ˥ȚƆ˥ܪ ̣ǘ ƷȚʂʂ˒ǘ ˒ʂɩǘ �Ɉ � ܪ� ˒˺ƷȚ ˥ȚƆ˥ ̣Ȫ˥Ț հ := (ո � ڳ/(ڲ > ڱ ̣ǘ ȚƆ̝ǘ

˥ + ո + � �Ɉ � �ڲ � հ � ˒ � ˥ + ո + �Ɉ � հ ,
Ɔɱǃ Ȅʂʾ Ɉ = ,ڱ ,ڲ . . . , �Ɉ ̣ǘ ǃǘ͘ɱǘ

˥Ɉ := ˥ + Ɉ � հ Ɔ˒ ̣ǘɑɑ Ɔ˒ ˒Ɉ := ˥Ɉ+ڲ + ڲ = ˥Ɉ + (ո + ڳ/(ڲ .
ĊȚǘɱ ˒Ɔݦ ո > ݧڲ

˥Ɉ+ڲ < ˒Ɉ = ˥Ɉ+ڲ + ڲ = ˥ + ո + (Ɉ � (ڲ � հ � ˒,
˥Ɉ < ˥Ɉ+ڲ + ڲ = ˒Ɉ = ˥Ɉ + (ո + ڳ/(ڲ < ˥Ɉ + ո,

˒˺ƷȚ ˥ȚƆ˥ ̣ǘ ƷƆɱ ˒˺ƷƷǘ˒˒Ȫ̝ǘɑ̰ Ɔʳʳɑ̰ ˥Țǘ ͘ʾ˒˥ ƷƆ˒ǘܪ ǘɱǃȪɱȇ ˺ʳ ̣Ȫ˥Ț ˺ � ñ˒ �Ɉ−ڲ(Ӯ)ܿ �Ȅ
˒ = ˒ �Ɉܪ ̣ǘ Ɔʾǘ ǃʂɱǘܿ À˥Țǘʾ̣Ȫ˒ǘܪ ̣ǘ ƷȚʂʂ˒ǘ ˥ �Ɉ+ڲ := ˒ �Ɉ � ڲ Ɔɱǃ Ɔʳʳɑ̰ ˥Țǘ ͘ʾ˒˥ ƷƆ˒ǘ ʂɱƷǘ
ɩʂʾǘܪ ˒ȪɱƷǘ

˥ �Ɉ+ڲ < ˒ �Ɉ < ˒ � ˥ + ո + �Ɉ � հ = ˥ �Ɉ+ڲ + ո .
FȪ˥Țǘʾ ̣Ɔ ܪ̰ ̣ǘ ʂƭ˥ƆȪɱ ˺ � ñ˒−ڲ(Ӯ) Ɔɱǃ ɱʂ̣ ˥Țǘ ǘ˒˥ȪɩƆ˥ǘ Ȅʂɑɑʂ̣˒ Ɔ˒ Ȫɱ ˥Țǘ ͘ʾ˒˥ ƷƆ˒ǘܿ

êʾʂʂȄ ʂȄ �ǘɩɩƆ ܿڵܿڵ ŀȪ˥Țʂ˺˥ ɑʂ˒˒ ʂȄ ȇǘɱǘʾƆɑȪ˥ ܪ̰ ̣ǘ ɩƆ̰ Ɔ˒˒˺ɩǘ ˒ � ,ڳ/ڲ) ܿ(ڲ ĊȚǘɱ ̣ǘ
ȚƆ̝ǘ ˒ � � \ � ̣Ȫ˥Ț ڱ < ˒ < ո Ɔɱǃ ̣ǘ ƷƆɱ Ɔʳʳɑ̰ �ǘɩɩƆ ڲܿڵ Ȫ˥Ț̣ݦ ˥ = ݧڱ ˥ʂ ǃǘƷʂɩʳʂ˒ǘ
˺ := LֈȄ � ñӘڲ (Ӯ) Ȫɱ˥ʂ

˺ = մ˺ + ڲ˺ + ڳ˺ + ڴ˺
̣Ȫ˥Ț ڴ˺ � vڳ ˒ʂɑ̝Ȫɱȇ�ә + ֈڳղڱպڴ˺�ڱ = ڲ� � Ȫֈ�Ӡڱ) Ȅڳ � ڲ� + ֈڳղڱպڳ˺�ڱ =: Ȅڴ � ˒ڳ� ,
̣Țǘʾǘ Ȅڳ Ȫ˒ ǃǘ͘ɱǘǃ Ɔ˒ Ȫɱ �ǘɩɩƆ ܿڲܿڵ ¬ʂʾǘʂ̝ǘ ʾܪ ˥Țǘ ǘ˒˥ȪɩƆ˥ǘ˒ Ȅʾʂɩ �ǘɩɩƆ ڲܿڵ Ɔɑʂɱȇ
̣Ȫ˥Ț �ñʂ˥ � Ȫֈ�ղڱպڱ ӣ�˺ = �ȪӠȄ � Ȫֈ�Ӡڱ +�ղڱպڱ ӣ�˺ � Ȫֈ �Ӡ˺
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ڱڹڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

̰Ȫǘɑǃ �˺�ñ˥(Ӯ) + �����Ӡڱ +�ղڱպڱ ӣ�˺ڲ−˒ڳ�����(Ӯ)� Ʒ � � �˺�ñ˥(Ӯ) + �����ñʂ˥ � Ȫֈ�ղڱպڱ ӣ�˺ڲ−˒ڳ�����(Ӯ) + �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� �� Ʒ � � ˥ڳ��ڴ˺� + �����ñʂ˥ � Ȫֈ�ղڱպڱ ӣ�˺ڲ−˒ڳ�����ڴ + �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� � , ݧڲܿ,ݦ

̣Ȫ˥Ț Ʒ = Ʒ(˒, ˥, �) > ܿڱ 6˺ǘ ˥ʂ ˥Țǘ ɩʂɱʂ˥ʂɱȪƷȪ˥̰ ʂȄ ˥Țǘ ɱʂʾɩ˒ ̣Ȫ˥Ț ʾǘ˒ʳǘƷ˥ ˥ʂ ˥ Ɔɱǃ ܪ˒ ̣ǘ
ɩƆ̰ Ɔ˒˒˺ɩǘ ˥ Ɔɱǃ ˒ ˥ʂ ƭǘ Ʒɑʂ˒ǘ ǘɱʂ˺ȇȚ ˥ʂ ڳ/ڲ� ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ ڳ/ڲ ˒˺ƷȚ ˥ȚƆ˥ ڲ < ˒ � ˥ < ո
Țʂɑǃ˒ܿ vǘɱƷǘܪ ˥Țǘ Ɔ˒˒ǘʾ˥Ȫʂɱ Ȅʂɑɑʂ̣˒ ƭ̰ ݧڲܿ,ݦ Ɔɱǃ �ǘɩɩƆ ܪڲܿ� ȪȄ ̣ǘ ƷƆɱ ˒Țʂ̣�˺ڳ��ڴ˥ + �����ñʂ˥ � Ȫֈ�ղڱպڱ ӣ�˺ڲ−˒ڳ�����ڴ � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� � ,
̣Ȫ˥Ț Ʒ � (�,ڱ) Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ֈܪ ˺ Ɔɱǃ Ȅ ܿ ĊȚǘʾǘȄʂʾǘܪ ɱʂ˥ǘ ˥ȚƆ˥ ˥Țǘ ˒ǘɑȄݱƆǃɀʂȪɱ˥ɱǘ˒˒ ʂȄ
˥Țǘ �ƆʳɑƆƷȪƆɱ ә : vڳ � ڳ� �� ڳ� ̰Ȫǘɑǃ˒ �ә+ֈڳղڱպڲ−�ڱȄڴ = ڴ˺ Ɔɱǃ Ɔʳʳɑ̰Ȫɱȇ �ǘɩɩƆ ڴܿ%
Ʒʂɩʳʂɱǘɱ˥̣Ȫ˒ǘܪ ̣ǘ ʂƭ˥ƆȪɱ�˺ڳ��ڴ˥ + ����ṷ̈́ʳ(�Ȫչ�ղڱպڱʾ)˺ڴ����vڲ

ڳ−˒ � Ʒ � � �Ȅڳ��ڴ˒ + (Ӯ(ձ))ڳ��ڴ˺� � .
ŀȪ˥Ț ñʂ˥�ṷ̈́ʳ(�Ȫչ�ղڱպڱʾ)˺ڴ� = ṷ̈́ʳ(�Ȫչ�ղڱպڱʾ)�ñʂ˥ � Ȫչ�ղڱպڱ ӣ�˺ڴ ˥ȚȪ˒ ɑǘƆǃ˒ ˥ʂ�˺ڳ��ڴ˥ + �����ñʂ˥ � Ȫչ�ղڱպڱ ӣ�˺ڲ−˒ڳ�����ڴ� ˥ڳ��ڴ˺� + ����ñʂ˥ � ṷ̈́ʳ(�Ȫչ�ղڱպڱʾ)˺ڲ−˒ڳ������ڴ� ˥ڳ��ڴ˺� + ����ṷ̈́ʳ(�Ȫչ�ղڱպڱʾ)˺ڴ����vڲ

ڳ−˒ � Ʒ � � �Ȅڳ��ڴ˒ + (Ӯ(ձ))ڳ��ڴ˺� � , ݧڳܿ,ݦ

̣Țǘʾǘ Ʒ > ڱ Ȫ˒ ɱʂ˥ ǃǘʳǘɱǃȪɱȇ ʂɱ ֈܪ ڴ˺ Ɔɱǃ Ȅܿڴ ܪ˥˺% ƆƷ˥˺Ɔɑɑ ܪ̰ ̣ǘ ̣ʂ˺ɑǃ ɑȪɈǘ ˥ʂ ǘ˒˥ȪɩƆ˥ǘ�ñʂ˥ � Ȫֈ�ղڱպڱ ӣ�˺ܿڴ gʂʾ ˥ȚƆ˥ܪ ̣ǘ ɱǘǘǃ ˒ʂɩǘ ƆǃǃȪ˥ȪʂɱƆɑ Ɔʾȇ˺ɩǘɱ˥˒ܪ ˒˥Ɔʾ˥Ȫɱȇ ̣Ȫ˥Ț ˥Țǘ
ʂƭ˒ǘʾ̝Ɔ˥Ȫʂɱ ˥ȚƆ˥

ֈ = |չ|ڲ� + (ց/չ)ڵ/ڲ�ڳ � � ṷ̈́ʳ(Ȫք/ڳ) Ȅʂʾ չ > ڱ
ṷ̈́ʳ(Ȫ(ք/ڳ + վ)) Ȅʂʾ չ < ڱ

̣Ȫ˥Ț ք := ƆʾƷ˥Ɔɱ(ց/չ) � � � վڳ , վڳ � ,
ȚǘɱƷǘ |ñǘ (ֈ)| � ڳ/ڳ� � |չ|ܿ ĊȚǘɱ |ֈ + չ| � ڳ/ڴ� � |չ| Ɔɱǃ ̣ǘ ȚƆ̝ǘ

|ֈ � չ|ڳ = ��������ֈڳ � չڳ
ֈ + չ ڳ�������� = ������� Ȫցչֈ + չ ڳ������� � ڴڳ � ցڳ.

gʾʂɩ ˥ȚȪ˒ Ɔɱǃ ˥Țǘ ʾǘ˒ʂɑ̝ǘɱ˥ ǘ˒˥ȪɩƆ˥ǘܪ�Ȅڳ��ڴ = �����(ә + ֈڳղڱպڱ) ڳ������ڴ˺ � |�ɩ (ֈڳղڱպڱ)| � ڳ��ڴ˺� = ղڱպڱց|չ| � ڳ��ڴ˺� ,
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ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ ࡧ ڲڹڴ

̣ǘ ʂƭ˥ƆȪɱ ˒ݦ > ˥�����ñʂݧڳ/ڲ � Ȫֈ�ղڱպڱ ӣ�˺ڲ−˒ڳ�����ڴ � �����ñʂ˥ � Ȫչ�ղڱպڱ ӣ�˺ڲ−˒ڳ�����ڴ + ����(ֈ � չ)�ղڱպڱ ӣ˺ڲ−˒ڳ�����ڴ� �����ñʂ˥ � Ȫչ�ղڱպڱ ӣ�˺ڲ−˒ڳ�����ڴ + Ʒ � |չ|−ڲ �Ȅڳ��ڴ˒ ,
˒˺ƷȚ ˥ȚƆ˥ ̣Ȫ˥Ț ݧڳܿ,ݦ Ɔɱǃ ˥Țǘ ǘ˒˥ȪɩƆ˥ǘ˒ Ȅʾʂɩ �ǘɩɩƆ ڲܿڵ ˺ɱȪȄʂʾɩɑ̰ ̣Ȫ˥Ț ʾǘ˒ʳǘƷ˥ ˥ʂ ֈܪ ˺
Ɔɱǃ Ȅ ˥ڳ��ڴ˺� + �����ñʂ˥ � Ȫֈ�ղڱպڱ ӣ�˺ڲ−˒ڳ�����ڴ � Ʒ � � �Ȅ (Ӯ)˒ڳ�� + ո(Ӯ)−˒ڳ��˺� � .
%ȪƭɑȪʂȇʾƆʳȚ̰
ݛڲݚ ýܿ %Ɔ˺ǘʾܪ 6ܿ êƆ˺ɑ̰ܪ Ɔɱǃ ¬ܿ ýƷȚʂɩƭ˺ʾȇܪ ĊȚǘ ¬Ɔ̭̣ǘɑɑ ƷʂɩʳƆƷ˥ɱǘ˒˒ ʳʾʂʳǘʾ˥̰ Ȫɱ ƭʂ˺ɱǃǘǃ

̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ ̣Ȫ˥Ț ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ ý��¬ �ܿ ¬Ɔ˥Țܿ �ɱƆɑܿܪ ݧڵݦڹڵ ܪݧڷڲڱڳݦ
ܿڴڵںڳݮڳڲںڳ

ݛڳݚ ¬ܿ ,ʂ˒˥Ɔƭǘɑܪ � ʾǘɩƆʾɈ ʂɱ ˥Țǘ ʾǘȇ˺ɑƆʾȪ˥̰ ʂȄ ˒ʂɑ˺˥Ȫʂɱ˒ ʂȄ ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ ʂɱ �Ȫʳ˒ƷȚȪ˥̀
ǃʂɩƆȪɱ˒ܪ¬Ɔ˥Țܿ ¬ǘ˥Țʂǃ˒ �ʳʳɑܿ ýƷȪܿܪ ݧڵݦڳڲ ܪݧڱںںڲݦ ܿڹڷڴݮڶڷڴ

ݛڴݚ ñܿ 6Ɔ˺˥ʾƆ̰ Ɔɱǃ ܿ�ݱܿ� �Ȫʂɱ˒ܪ¬Ɔ˥ȚǘɩƆ˥ȪƷƆɑ �ɱƆɑ̰˒Ȫ˒ Ɔɱǃ ±˺ɩǘʾȪƷƆɑ ¬ǘ˥Țʂǃ˒ Ȅʂʾ ýƷȪǘɱƷǘ Ɔɱǃ
ĊǘƷȚɱʂɑʂḛ̑ܩ ĺʂɑ˺ɩǘ ڳ ݮ g˺ɱƷ˥ȪʂɱƆɑ Ɔɱǃ ĺƆʾȪƆ˥ȪʂɱƆɑ ¬ǘ˥Țʂǃ˒ܪ ýʳʾȪɱȇǘʾݱĺǘʾɑƆȇܪ ܿڱڱڱڳ

ݛڵݚ 6ܿ¬ܿ FȪǃ˺˒ܪ ĊȚǘ ʳʾȪɱƷȪʳɑǘ ʂȄ ɑȪɩȪ˥Ȫɱȇ Ɔƭ˒ʂʾʳ˥Ȫʂɱܪ ĊʾƆɱ˒ɑܿ �ɩܿ ¬Ɔ˥Țܿ ýʂƷܿ ܪݧڳݦ ڸڵ ܪݧڶڷںڲݦ ܿڲںڲݮڸڶڲ
ݛڶݚ êܿ gǘʾɱƆɱǃǘ˒ Ɔɱǃ jܿ jȪɑƆʾǃȪܪ ¬Ɔȇɱǘ˥ʂ˒˥Ɔ˥ȪƷ Ɔɱǃ ǘɑǘƷ˥ʾʂ˒˥Ɔ˥ȪƷ ʳʾʂƭɑǘɩ˒ Ȫɱ ȪɱȚʂɩʂȇǘɱǘʂ˺˒

ƆɱȪ˒ʂ˥ʾʂʳȪƷ ɩǘǃȪƆ ̣Ȫ˥Ț Ȫʾʾǘȇ˺ɑƆʾ ƭʂ˺ɱǃƆʾ̰ Ɔɱǃ ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ¬Ɔ˥Țܿ ¬ʂǃǘɑ˒
¬ǘ˥Țʂǃ˒ �ʳʳɑܿ ýƷȪܿܪ ݧڸݦڸڱ ܪݧڸںںڲݦ ܿڲںںݮڸڶں

ݛڷݚ Ċܿ �Ɉǘƭǘ Ɔɱǃ ŋܿ ýƆȪ˥ʂܪ �ȪɩȪ˥Ȫɱȇ Ɔƭ˒ʂʾʳ˥Ȫʂɱ ɩǘ˥Țʂǃ Ɔɱǃ Ɔƭ˒ʂɑ˺˥ǘ Ʒʂɱ˥Ȫɱ˺Ȫ˥̰ Ȅʂʾ ˥Țǘ ýƷȚʾʒǃȪɱȇǘʾ
ʂʳǘʾƆ˥ʂʾܪ �ܿ ¬Ɔ˥Țܿ �̰ʂ˥ʂ ęɱȪ̝ܿܪ ݧڴݦڳڲ ܪݧڳڸںڲݦ ܿڳڵڶݮڴڲڶ

ݛڸݚ gܿ �ʂƷȚɩƆɱɱܪ � ƷʂɩʳƆƷ˥ɱǘ˒˒ ʾǘ˒˺ɑ˥ Ȅʂʾ ̝ǘƷ˥ʂʾ ͘ǘɑǃ˒ ̣Ȫ˥Ț ǃȪ̝ǘʾȇǘɱƷǘ Ɔɱǃ Ʒ˺ʾɑ Ȫɱ (Ӯ)ڳ� Ȫɱ̝ʂɑ̝Ȫɱȇ
ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ �ʳʳɑܿ �ɱƆɑܿܪ ݧڲݦڷڷ ܪݧڸںںڲݦ ܿڴڱڳݮںڹڲ

ݛڹݚ êܿ �˺Țɱ Ɔɱǃ 6ܿ êƆ˺ɑ̰ܪ ñǘȇ˺ɑƆʾȪ˥̰ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ȇǘɱǘʾƆɑȪ̀ǘǃ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ȪƷ ʳʾʂƭɑǘɩ˒ܪ �ɱƆɑ̰˒Ȫ˒ܪ
ݧڴݦڱڴ ܪݧڱڲڱڳݦ ܿڳڶڳݮڶڳڳ

ݛںݚ ñܿ �ǘȪ˒ܪ Ś˺ʾ ĊȚǘʂʾȪǘ ǘɑǘɈ˥ʾʂɩƆȇɱǘ˥Ȫ˒ƷȚǘʾ ýƷȚ̣Ȫɱȇ˺ɱȇǘɱ Ȫɱ ƆɱȪ˒ʂ˥ʾʂʳǘɱ ȪɱȚʂɩܿ ¬ǘǃȪǘɱܪ¬Ɔ˥Țܿ
Śܿܪ ڷڱڲ ܪݧڹڷںڲݦ ܿڵڳڳݮڴڲڳ

ݛڱڲݚ ñܿ �ǘȪ˒ܪ �˺˒˒ǘɱʾƆ˺ɩƆ˺ȄȇƆƭǘɱ Ȫɱ ǃǘʾ ĊȚǘʂʾȪǘ ǃǘʾ ¬Ɔ̭̣ǘɑɑ˒ƷȚǘɱ jɑǘȪƷȚ˺ɱȇǘɱܪ Ȫɱ ĊʂʳȪƷ˒ Ȫɱ
�ɱƆɑ̰˒Ȫ˒ܪ ʳʳܿ ܪڸڵڳݮڸڴڳ ýʳʾȪɱȇǘʾܪ %ǘʾɑȪɱܪ vǘȪǃǘɑƭǘʾȇܪ ܿڵڸںڲ

ݛڲڲݚ ñܿ �ǘȪ˒ܪ �ɱȪ˥ȪƆɑ %ʂ˺ɱǃƆʾ̰ ĺƆɑ˺ǘ êʾʂƭɑǘɩ˒ Ȫɱ ¬Ɔ˥ȚǘɩƆ˥ȪƷƆɑ êȚ̰˒ȪƷ˒ܪ ,ʂ˺ʾȪǘʾ ,ʂʾʳʂʾƆ˥Ȫʂɱܪ ܿڴڲڱڳ
ݛڳڲݚ ,ܿ ¬̃ɑɑǘʾܪ ñƆɱǃ̣ǘʾ˥ʳʾʂƭɑǘɩǘ ǃǘʾ ĊȚǘʂʾȪǘ ǘɑǘɈ˥ʾʂɩƆȇɱǘ˥Ȫ˒ƷȚǘʾ ýƷȚ̣Ȫɱȇ˺ɱȇǘɱܪ¬Ɔ˥Țܿ Śܿܪ ݧڴݦڷڶ

ܪݧڳڶںڲݦ ܿڱڸڳݮڲڷڳ
ݛڴڲݚ ,ܿ ¬̃ɑɑǘʾܪ Àɱ ˥Țǘ ƭǘȚƆ̝Ȫʂʾ ʂȄ ˥Țǘ ˒ʂɑ˺˥Ȫʂɱ˒ ʂȄ ˥Țǘ ǃȪ͍ǘʾǘɱ˥ȪƆɑ ǘʹ˺Ɔ˥Ȫʂɱ ә˺ = Ȅ (̭, ˺) Ȫɱ ˥Țǘ

ɱǘȪȇȚƭʂʾȚʂʂǃ ʂȄ Ɔ ʳʂȪɱ˥ܪ ,ʂɩɩ˺ɱܿ ê˺ʾǘ �ʳʳɑܿ ¬Ɔ˥Țܿܪ ݧڴݦڸ ܪݧڵڶںڲݦ ܿڶڲڶݮڶڱڶ
ݛڵڲݚ 6ܿ êƆ˺ɑ̰ܪ ±ȪǘǃǘʾȄʾǘʹ˺ǘɱ̀Ɔ˒̰ɩʳ˥ʂ˥ȪɈ ǃǘʾ ¬Ɔ̭̣ǘɑɑݱjɑǘȪƷȚ˺ɱȇ Ȫɩ ȪɱȚʂɩʂȇǘɱǘɱ ˺ɱǃ ƆɱȪ˒ʂ˥ʾʂʳǘɱ

�˺˞ǘɱȇǘƭȪǘ˥ܪ 6Ȫ˒˒ǘʾ˥Ɔ˥Ȫʂɱܪ ęɱȪ̝ǘʾ˒Ȫ˥Ɩ˥ 6˺Ȫ˒ƭ˺ʾȇݱF˒˒ǘɱܪ gƆɈ˺ɑ˥Ɩ˥ Ȅ̃ʾ ¬Ɔ˥ȚǘɩƆ˥ȪɈܪ ܿڴڱڱڳ
ݛڶڲݚ 6ܿ êƆ˺ɑ̰ܪ �ʂ̣ Ȅʾǘʹ˺ǘɱƷ̰ Ɔ˒̰ɩʳ˥ʂ˥ȪƷ˒ Ȅʂʾ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ ȇǘɱǘʾƆɑȪ̀ǘǃ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ Ȫɱ

ɱʂɱ˒ɩʂʂ˥Ț ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ˒ܪ �ǃ̝ܿ ¬Ɔ˥Țܿ ýƷȪܿ �ʳʳɑܿܪ ݧڳݦڷڲ ܪݧڷڱڱڳݦ ܿڳڳڷݮڲںڶ
ݛڷڲݚ 6ܿ êƆ˺ɑ̰ܪ Àɱ ʳʂɑ̰ɱʂɩȪƆɑ Ɔɱǃ ṷ̈́ʳʂɱǘɱ˥ȪƆɑ ǃǘƷƆ̰ ʂȄ ǘȪȇǘɱݱ˒ʂɑ˺˥Ȫʂɱ˒ ˥ʂ ṷ̈́˥ǘʾȪʂʾ ƭʂ˺ɱǃƆʾ̰ ̝Ɔɑ˺ǘ

ʳʾʂƭɑǘɩ˒ Ȅʂʾ ˥Țǘ ȇǘɱǘʾƆɑȪ̀ǘǃ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ˒̰˒˥ǘɩܪ �˒̰ɩʳ˥ʂ˥ܿ �ɱƆɑܿܪ ݧڲݦںڸ ܪݧڳڲڱڳݦ
ܿڱڷڲݮڴڴڲ
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ڳڹڴ ࡧ gܿ À˒˥ǘʾƭʾȪɱɈ Ɔɱǃ 6ܿ êƆ˺ɑ̰

ݛڸڲݚ 6ܿ êƆ˺ɑ̰ܪ ýʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰ܪ ̝ƆʾȪƆ˥ȪʂɱƆɑ Ȅʂʾɩ˺ɑƆ˥Ȫʂɱ˒ܪ Ɔɱǃ Ȅ˺ɱƷ˥ȪʂɱƆɑ Ɔ ʳʂ˒˥ǘʾȪʂʾȪ ǘʾʾʂʾ ǘ˒˥ȪɩƆ˥ǘ˒
Ȅʂʾ ȇǘɱǘʾƆɑ ͘ʾ˒˥ ʂʾǃǘʾ ˒̰˒˥ǘɩ˒ ̣Ȫ˥Ț ƆʳʳɑȪƷƆ˥Ȫʂɱ˒ ˥ʂ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ʂ ˒˥Ɔ˥ȪƷ˒ Ɔɱǃ ɩʂʾǘܪ ±˺ɩǘʾܿ
g˺ɱƷ˥ܿ �ɱƆɑܿ Àʳ˥Ȫɩܿ ܪݧںڲڱڳݦ Ț˥˥ʳ˒݉݉ܩ Ɔʾ̭Ȫ ̝ܿʂʾȇ݉Ɔƭ˒݉ܿڴںںڳڱܿڲڲڷڲ

ݛڹڲݚ ñܿ êȪƷƆʾǃܪ FȪɱ ̝ǘʾǘȪɱȚǘȪ˥ɑȪƷȚ˥ǘʾ Ś˺ȇƆɱȇ Ȅ̃ʾ ǘȪɱǘ �ɑƆ˒˒ǘ ɑȪɱǘƆʾǘʾ ŀǘɑɑǘɱƆ˺˒ƭʾǘȪ˥˺ɱȇ˒ʳȚƖɱʂɩǘɱǘܪ
ĊǘƷȚɱȪƷƆɑ ñǘʳʂʾ˥ ܪںڹڵ ýg% ܪڳڸ ęɱȪ̝ǘʾ˒Ȫ˥Ɩ˥ %ʂɱɱܪ ܿڳڹںڲ

ݛںڲݚ ñܿ êȪƷƆʾǃܪ �ɱ ǘɑǘɩǘɱ˥Ɔʾ̰ ʳʾʂʂȄ Ȅʂʾ Ɔ ƷʂɩʳƆƷ˥ ȪɩƭǘǃǃȪɱȇ ʾǘ˒˺ɑ˥ Ȫɱ ȇǘɱǘʾƆɑȪ̀ǘǃ ǘɑǘƷ˥ʾʂɩƆȇɱǘ˥ȪƷ
˥Țǘʂʾ̰ܪ¬Ɔ˥Țܿ Śܿܪ ڸڹڲ ܪݧڵڹںڲݦ ܿڵڷڲݮڲڶڲ

ݛڱڳݚ ñܿ êȪƷƆʾǃܪ ±ܿ ŀǘƷɈܪ Ɔɱǃ �ܿ �ܿ ŀȪ˥˒ƷȚܪ ĊȪɩǘݱȚƆʾɩʂɱȪƷ ¬Ɔ̭̣ǘɑɑ ǘʹ˺Ɔ˥Ȫʂɱ˒ Ȫɱ ˥Țǘ ṷ̈́˥ǘʾȪʂʾ ʂȄ
ʳǘʾȄǘƷ˥ɑ̰ Ʒʂɱǃ˺Ʒ˥Ȫɱȇܪ Ȫʾʾǘȇ˺ɑƆʾ ʂƭ˒˥ƆƷɑǘ˒ܪ �ɱƆɑ̰˒Ȫ˒ ܪݧɱȪƷȚ˺¬ݦ ݧڴݦڲڳ ܪݧڲڱڱڳݦ ܿڵڷڳݮڲڴڳ

ݛڲڳݚ ĺܿ ĺʂȇǘɑ˒Ɔɱȇܪ 6Ȫǘ Ɔƭ˒ʂɑ˺˥ǘ ý˥ǘ˥ȪȇɈǘȪ˥ ǃǘ˒ ʳʂ˒Ȫ˥Ȫ̝ǘɱ ýʳǘɈ˥ʾ˺ɩ˒ ǃǘʾ ýƷȚ̣Ȫɱȇ˺ɱȇ˒ȇɑǘȪƷȚ˺ɱȇǘɱ
ɩȪ˥ ʂ˒̀ȪɑɑȪǘʾǘɱǃǘɩ vƆ˺ʳ˥˥ǘȪɑܪ¬Ɔ˥Țܿ Śܿܪ ڲڹڲ ܪݧڳڹںڲݦ ܿڵڲڳݮڲڱڳ

ݛڳڳݚ ,ܿ ŀǘƭǘʾܪ � ɑʂƷƆɑ ƷʂɩʳƆƷ˥ɱǘ˒˒ ˥Țǘʂʾǘɩ Ȅʂʾ ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ܪ¬Ɔ˥Țܿ ¬ǘ˥Țʂǃ˒ �ʳʳɑܿ ýƷȪܿܪ ݧڲݦڳ
ܪݧڱڹںڲݦ ܿڶڳݮڳڲ

ݛڴڳݚ ,ܿ ŀǘƭǘʾܪ ñǘȇ˺ɑƆʾȪ˥̰ ˥Țǘʂʾǘɩ˒ Ȅʂʾ ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ܪ¬Ɔ˥Țܿ ¬ǘ˥Țʂǃ˒ �ʳʳɑܿ ýƷȪܿܪ ݧڲݦڴ ܪݧڲڹںڲݦ
ܿڷڴڶݮڴڳڶ

ݛڵڳݚ ±ܿ ŀǘƷɈܪ ¬Ɔ̭̣ǘɑɑކ˒ ƭʂ˺ɱǃƆʾ̰ ̝Ɔɑ˺ǘ ʳʾʂƭɑǘɩ ʂɱ ñȪǘɩƆɱɱȪƆɱ ɩƆɱȪȄʂɑǃ˒ ̣Ȫ˥Ț ɱʂɱ˒ɩʂʂ˥Ț
ƭʂ˺ɱǃƆʾȪǘ˒ܪ �ܿ ¬Ɔ˥Țܿ �ɱƆɑܿ �ʳʳɑܿܪ ݧڳݦڷڵ ܪݧڵڸںڲݦ ڸܿڴڵݮڱڲڵ

ݛڶڳݚ ±ܿ ŀǘƷɈ Ɔɱǃ �ܿ �ܿ ŀȪ˥˒ƷȚܪ ,ʂɩʳɑǘ˥ǘ ɑʂ̣ Ȅʾǘʹ˺ǘɱƷ̰ ƆɱƆɑ̰˒Ȫ˒ Ȅʂʾ ˥Țǘ ʾǘǃ˺Ʒǘǃ ̣Ɔ̝ǘ ǘʹ˺Ɔ˥Ȫʂɱ
̣Ȫ˥Ț ̝ƆʾȪƆƭɑǘ Ʒʂǘ͎ƷȪǘɱ˥˒ Ȫɱ ˥Țʾǘǘ ǃȪɩǘɱ˒Ȫʂɱ˒ܪ ,ʂɩɩ˺ɱܿ êƆʾ˥ȪƆɑ 6Ȫ͍ǘʾܿ Fʹ˺ܿܪ ݧںݦڸڲ ܪݧڳںںڲݦ
ܿڴڷڷڲݮںڲڷڲ

ݛڷڳݚ ±ܿ ŀǘƷɈ Ɔɱǃ �ܿ �ܿ ŀȪ˥˒ƷȚܪ jǘɱǘʾƆɑȪ̀ǘǃ ˒ʳȚǘʾȪƷƆɑ ȚƆʾɩʂɱȪƷ˒ Ɔɱǃ ṷ̈́˥ǘʾȪʂʾ ǃȪ͍ǘʾǘɱ˥ȪƆ˥Ȫʂɱ Ȫɱ
̣ǘȪȇȚ˥ǘǃ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ܪ¬Ɔ˥Țܿ ¬ǘ˥Țʂǃ˒ �ʳʳɑܿ ýƷȪܿܪ ݧڴڲݦڸڲ ܪݧڵںںڲݦ ܿڴڵڱڲݮڸڲڱڲ

ݛڸڳݚ ±ܿ ŀǘƷɈ Ɔɱǃ �ܿ �ܿ ŀȪ˥˒ƷȚܪ jǘɱǘʾƆɑȪ̀ǘǃ ɑȪɱǘƆʾ ǘɑƆ˒˥ȪƷȪ˥̰ Ȫɱ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ˒ܿ ܩ� ñƆǃȪƆ˥Ȫʂɱ
ʳʾʂƭɑǘɩ˒ܪ¬Ɔ˥Țܿ ¬ǘ˥Țʂǃ˒ �ʳʳɑܿ ýƷȪܿܪ ݧڸڲݦڱڳ ܪݧڸںںڲݦ ܿڱڱڶڲݮںڷڵڲ

ݛڹڳݚ êܿ ŀǘʾɱǘʾܪ ñƆɱǃ̣ǘʾ˥ʳʾʂƭɑǘɩǘ Ȅ̃ʾ ǃȪǘ ̀ǘȪ˥˺ɱƆƭȚƖɱȇȪȇǘɱ ¬Ɔ̭̣ǘɑɑ˒ƷȚǘɱ jɑǘȪƷȚ˺ɱȇǘɱ ɩȪ˥
̝ƆʾȪƆƭɑǘɱ �ʂǘ͎̀Ȫǘɱ˥ǘɱܪ �ʾƷȚܿ ñƆ˥Ȫʂɱܿ ¬ǘƷȚܿ �ɱƆɑܿܪ ݧڴݦڹڲ ܪݧڶڷںڲݦ ܿڶںڲݮڸڷڲ

ݛںڳݚ vܿ ŀṵ̈́ɑܪ 6Ȫǘ ɱƆ˥̃ʾɑȪƷȚǘɱ ñƆɱǃ̣ǘʾ˥Ɔ˺ȄȇƆƭǘɱ Ȫɩ �˺˞ǘɱʾƆ˺ɩ Ȅ̃ʾ ý˥ʾƆȚɑ˺ɱȇ˒Ȅǘɑǃǘʾ ƭǘɑȪǘƭȪȇǘʾ
6Ȫɩǘɱ˒Ȫʂɱ ˺ɱǃ ƭǘɑȪǘƭȪȇǘɱ ñƆɱȇǘ˒ܪ¬Ɔ˥Țܿ Śܿܪ ݧڳݦڷڶ ܪݧڳڶںڲݦ ܿںڲڲݮڶڱڲ

ݛڱڴݚ �ܿ ŀɑʂɈƆܪ êƆʾ˥ȪƆɑ 6Ȫ͍ǘʾǘɱ˥ȪƆɑ Fʹ˺Ɔ˥Ȫʂɱ˒ܪ ,ƆɩƭʾȪǃȇǘ ęɱȪ̝ǘʾ˒Ȫ˥̰ êʾǘ˒˒ܪ ڸܿڹںڲ
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