
ýǘƭƆ˒˥ȪƆɱ %Ɔ˺ǘʾܪ 6ȪʾɈ êƆ˺ɑ̰ܪ Ɔɱǃ ¬ȪƷȚƆǘɑ ýƷȚʂɩƭ˺ʾȇ
ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܩ ĊȚǘ ¬Ɔ̭̣ǘɑɑ
ƷʂɩʳƆƷ˥ɱǘ˒˒ ʳʾʂʳǘʾ˥̰ Ȅʂʾ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ
�Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ ̣Ȫ˥Ț ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰
ƷʂɱǃȪ˥Ȫʂɱ˒ Ȫɱ ƆʾƭȪ˥ʾƆʾ̰ ǃȪɩǘɱ˒Ȫʂɱ˒

�ƭ˒˥ʾƆƷ˥ܩ �˥ Ȫ˒ ʳʾʂ̝ǘǃ ˥ȚƆ˥ ˥Țǘ ˒ʳƆƷǘ ʂȄ ǃȪ͍ǘʾǘɱ˥ȪƆɑ Ȅʂʾɩ˒ ̣Ȫ˥Ț ̣ǘƆɈ ṷ̈́˥ǘʾȪʂʾ Ɔɱǃ
ƷʂݱǃǘʾȪ̝Ɔ˥Ȫ̝ǘܪ Ȫ˒ ƷʂɩʳƆƷ˥ɑ̰ ǘɩƭǘǃǃǘǃ Ȫɱ˥ʂ ˥Țǘ ˒ʳƆƷǘ ʂȄ ˒ʹ˺Ɔʾǘ Ȫɱ˥ǘȇʾƆƭɑǘ ǃȪ͍ǘʾǘɱݱ
˥ȪƆɑ Ȅʂʾɩ˒ܿ ¬Ȫ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ʂɱ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ Ɔʾǘ Ʒʂɱ˒Ȫǃǘʾǘǃܿ
g˺ʾ˥Țǘʾɩʂʾǘܪ ƷƆɱʂɱȪƷƆɑ ƆʳʳɑȪƷƆ˥Ȫʂɱ˒ ˒˺ƷȚ Ɔ˒ ¬Ɔ̭̣ǘɑɑ ǘ˒˥ȪɩƆ˥ǘ˒ܪ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩݱ
ʳʂ˒Ȫ˥Ȫʂɱ˒ Ɔɱǃ Ɔ ˒˥Ɔ˥ȪƷ ˒ʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰ Ɔʾǘ ʳʾʂ̝ǘǃܿ �˒ Ɔ ˒Ȫǃǘ ʳʾʂǃ˺Ʒ˥ Ɔɱǃ Ʒʾ˺ƷȪƆɑ ˥ʂʂɑ Ȅʂʾ
ʂ˺ʾ ʳʾʂʂȄ˒ܪ ̣ǘ ˒Țʂ̣ ˥Țǘ ṷ̈́Ȫ˒˥ǘɱƷǘ ʂȄ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒ Ɔɱǃ ʾǘȇ˺ɑƆʾ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒
Ɔ˒ ̣ǘɑɑܿ

�ṵ̣̈́ʂʾǃ˒ܩ¬Ɔ̭̣ǘɑɑ ƷʂɩʳƆƷ˥ɱǘ˒˒ ʳʾʂʳǘʾ˥ ܪ̰ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܪ¬Ɔ̭̣ǘɑɑ ǘ˒˥ȪɩƆ˥ǘܪ
vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱܪ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ʂ ˒˥Ɔ˥ȪƷ˒ܪ ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ ̝ǘƷݱ
˥ʂʾ ʳʂ˥ǘɱ˥ȪƆɑ˒

¬ý, ܩڱڲڱڳ ܪڴڳ�ڶڴ ڲڷïڶڴ

ۆ �ɱ˥ʾʂǃ˺Ʒ˥Ȫʂɱ
ĊȚǘ ƆȪɩ ʂȄ ˥ȚȪ˒ Ʒʂɱ˥ʾȪƭ˺˥Ȫʂɱ Ȫ˒ ˥ʂ ʳʾʂ̝ǘ Ɔ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇܪ ˒ʂ ƷƆɑɑǘǃ ˒ކŀǘƷɈށ ˒ǘɑǘƷݱ
˥Ȫʂɱ ˥Țǘʂʾǘɩނ ʂʾ ݧȇǘɱǘʾƆɑȪ̀ǘǃݦ ¬Ɔ̭̣ǘɑɑ ƷʂɩʳƆƷ˥ɱǘ˒˒ ʳʾʂʳǘʾ˥̰ ܪڹڳݚ ܪںڳ ܪݛڵڳ ʂȄ ǃȪ͍ǘʾǘɱݱ
˥ȪƆɑ ˒Ȅʂʾɩݱʹ ̣Ȫ˥Ț ̣ǘƆɈ ṷ̈́˥ǘʾȪʂʾ Ɔɱǃ ƷʂݱǃǘʾȪ̝Ɔ˥Ȫ̝ǘ Ȫɱ˥ʂ ˥Țǘ ˒ʳƆƷǘ ʂȄ ˒ʹ˺Ɔʾǘ Ȫɱ˥ǘȇʾƆƭɑǘ
˒Ȅʂʾɩݱʹ ˒˺ƭɀǘƷ˥ ˥ʂ ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ʂɱ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒
Ӯ � �± ܪ Ȫܿ ǘܿܪ �6ʹӘւ (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ) �� (Ӯ)ʹ,ڳ�
Ȫ˒ ƷʂɩʳƆƷ˥ܿ ĊȚǘ ɩƆȪɱ ʾǘ˒˺ɑ˥ Ȫ˒ ȇȪ̝ǘɱ ƭ̰ ĊȚǘʂʾǘɩ ܿڹܿڵ vǘʾǘܪ ± � ڳ Ɔɱǃ ڱ � ʹ � ±
Ɔʾǘ ɱƆ˥˺ʾƆɑ ɱ˺ɩƭǘʾ˒ܪ ˥Țǘ ǃȪɩǘɱ˒Ȫʂɱ ʂȄ ˥Țǘ ǃʂɩƆȪɱ Ӯ Ɔɱǃ ˥Țǘ ʾƆɱɈ ʂȄ ˥Țǘ ǃȪ͍ǘʾǘɱ˥ȪƆɑ

±ʂ˥ǘܩ �ɱ ɩǘɩʂʾȪƆɩ ʂȄ ʂ˺ʾ ǃǘƆʾ ȄʾȪǘɱǃ Ɔɱǃ ɩǘɱ˥ʂʾܪ �Ɔʾɑݱ�ʂ˒ǘȄ ݧȚƆʾɑȪǘ,ݦ ŀȪ˥˒ƷȚ ܿݧڸڲڱڳݮڹڵںڲݦ
�ƷɈɱʂ̣ɑǘǃȇǘɩǘɱ˥ܩ ŀǘ ƷʂʾǃȪƆɑɑ̰ ˥ȚƆɱɈ �ɩɩƆɱ˺ǘɑ �ɱɀƆɩ Ȅʂʾ ʳʾʂ̝ȪǃȪɱȇ ˥Țǘ ȇʾƆʳȚȪƷ˒ Ȫɱ ˥ȚȪ˒ ʳƆʳǘʾܿ

ýǘƭƆ˒˥ȪƆɱ %Ɔ˺ǘʾܪ 6ȪʾɈ êƆ˺ɑ̰ܪ ¬ȪƷȚƆǘɑ ýƷȚʂɩƭ˺ʾȇܪ gƆɈ˺ɑ˥Ɩ˥ Ȅ̃ʾ ¬Ɔ˥ȚǘɩƆ˥ȪɈܪ ęɱȪ̝ǘʾ˒Ȫ˥Ɩ˥
6˺Ȫ˒ƭ˺ʾȇݱF˒˒ǘɱܪ ,Ɔɩʳ˺˒ F˒˒ǘɱܪ jǘʾɩƆɱ̰ܪ ǘݱɩƆȪɑ˒ܩ ˒ǘƭƆ˒˥ȪƆɱܿƭƆ˺ǘʾܿ˒ǘ˺ƭǘʾɑȪƷȚࠩ˺ɱȪݱǃ˺ǘܿǃǘܪ
ǃȪʾɈܿʳƆ˺ɑ̰ࠩ˺ɱȪݱǃ˺ǘܿǃǘܪ ɩȪƷȚƆǘɑܿ˒ƷȚʂɩƭ˺ʾȇࠩ˺ɱȪݱǃ˺ǘܿǃǘ

Ț˥˥ʳ˒݉݉ܩ ǃʂȪܿʂʾȇ݉ڴڱڱݱڳڲڷڴڵڶڱڲڲڴڹڸں݉ڶڲڶڲܿڱڲ
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ڹڸ ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

Ȅʂʾɩ˒ܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ܿ ĊȚȪ˒ ȇǘɱǘʾƆɑȪ˒ǘ˒ ˥Țǘ ʾǘ˒˺ɑ˥˒ Ȅʾʂɩ ܪݛڲݚ ̣Țǘʾǘ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ݱ
ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ Ȫɱ ˥Țǘ ƷɑƆ˒˒ȪƷƆɑ ˒ǘ˥˥Ȫɱȇ ʂȄ ڴ� ̣ǘʾǘ Ʒʂɱ˒Ȫǃǘʾǘǃܿ �ɱ ȄƆƷ˥ܪ ˥Țǘ ʾǘ˒˺ɑ˥˒ Ȅʾʂɩ
ݛڲݚ ƷƆɱ ƭǘ ʾǘƷʂ̝ǘʾǘǃ ƭ̰ ˒ǘ˥˥Ȫɱȇ ± = ڴ Ɔɱǃ ʹ = ڲ ʂʾ ʹ = ܿڳ

ýȪɩȪɑƆʾ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ Ȫɱ ˥Țʾǘǘ ǃȪɩǘɱ˒Ȫʂɱ˒ ƷƆɱ ƭǘ Ȅʂ˺ɱǃ Ȫɱ
ܪڲڲݚ ܿݛڹ gʂʾ Ɔ ȚȪ˒˥ʂʾȪƷƆɑ ʂ̝ǘʾ̝Ȫụ̈́ ʂȄ ˥ȚǘɩƆ˥ȚǘɩƆ˥ȪƷƆɑ ˥ʾǘƆ˥ɩǘɱ˥ ʂȄŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘݱ
ʂʾǘɩ Ɔ̭̣ǘɑɑ¬ݦ ƷʂɩʳƆƷ˥ɱǘ˒˒ ʳʾʂʳǘʾ˥̰ܪݧ ˒ǘǘ ܪڲݚ ܪڴڲ ݛڶڳ Ɔɱǃ ˥Țǘ ɑȪ˥ǘʾƆ˥˺ʾǘ ƷȪ˥ǘǃ ˥ȚǘʾǘȪɱܿ
�ɱ ʳƆʾ˥ȪƷ˺ɑƆ ʾܪ ɑǘ˥ ˺˒ ɩǘɱ˥Ȫʂɱ ˥Țǘ Ȫɩʳʂʾ˥Ɔɱ˥ ʳƆʳǘʾ˒ ܪڹڳݚ ܪڸڳ ܪڵڳ ܪڴ ܪڳڴ ܪڲڲ ܿݛڶڳ ŀǘ ǘɩʳȚƆݱ
˒Ȫ˒ǘ ˥ȚƆ˥ Ȫɱ ݛڳڴݚ ŀȪ˥˒ƷȚ ̣Ɔ˒ Ɔƭɑǘ ˥ʂ ȇʂ ǘ̝ǘɱ ƭṵ̈́ʂɱǃ �Ȫʳ˒ƷȚȪ˥̀ ʾǘȇ˺ɑƆʾȪ˥̰ ܿݧ˒Ʒ˺˒ʳݱʳݦ �ɱ
ܪݛڱڴݚ ŀǘƷɈ ƆʳʳɑȪǘǃ ŀȪ˥˒ƷȚކ˒ ȪǃǘƆ˒ ˥ʂ ˥Țǘ ˥Țǘʂʾ̰ ʂȄ ǘɑƆ˒˥ȪƷȪ˥̰ܿ

ĊȚǘ Ʒǘɱ˥ʾƆɑ ʾʂɑǘ ʂȄ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ˒ ʂȄ ˥ȚȪ˒ ˥̰ʳǘ ƷƆɱܪ Ȅʂʾ ṷ̈́Ɔɩʳɑǘܪ ƭǘ ˒ǘǘɱ Ȫɱ
ƷʂɱɱǘƷ˥Ȫʂɱ ̣Ȫ˥Ț vȪɑƭǘʾ˥ ˒ʳƆƷǘ Ʒʂɩʳɑṷ̈́ǘ˒ܪ ̣Țǘʾǘ ˥Țǘ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ˒ ȪɩɩǘǃȪݱ
Ɔ˥ǘɑ̰ ʳʾʂ̝Ȫǃǘ Ʒɑʂ˒ǘǃ ʾƆɱȇǘ˒ܪ ˒ʂɑ˺˥Ȫʂɱ ˥ȚǘʂʾȪǘ˒ ƭ̰ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ Ȫɱ̝ǘʾ˒ǘ˒ܪ gʾȪǘǃʾȪƷȚ˒݉êʂݱ
ȪɱƷƆʾǚݱ˥̰ʳǘ ǘ˒˥ȪɩƆ˥ǘ˒ܪ Ɔɱǃ ƆƷƷǘ˒˒ ˥ʂ vʂǃȇǘݮvǘɑɩȚʂɑ˥̀ݱ˥̰ʳǘ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ܪ gʾǘǃݱ
Țʂɑɩ ˥Țǘʂʾ ܪ̰ ǃȪ̝ݮƷ˺ʾɑݱ˥̰ʳǘ ɑǘɩɩƆ˒ܪ Ɔɱǃ Ɔ ʳʂ˒˥ǘʾȪʂʾȪ ǘʾʾʂʾ ǘ˒˥ȪɩƆ˥Ȫʂɱ݈ ˒ǘǘ ܪڲڳݚ ܪڱڳ ܿݛڳڳ
�ɱ ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ˒ܪ ̣Țǘʾǘ ɑʂƷƆɑ ̝ǘʾ˒Ȫʂɱ˒ ʂȄ ˥Țǘ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ˒ Țʂɑǃܪ ʂɱǘ ʂƭݱ
˥ƆȪɱ˒ ʾƆǃȪƆ˥Ȫʂɱ ˒ʂɑ˺˥Ȫʂɱ˒ ƷƆ˥˥ǘʾȪɱȇ˒ݦ ˥Țǘʂʾ̰̣ݧȪ˥Ț ˥ȚǘȚǘɑʳ ʂȄ FȪǃ˺˒ކ ɑȪɩȪ˥Ȫɱȇ Ɔƭ˒ʂʾʳ˥Ȫʂɱ
ʳʾȪɱƷȪʳɑǘ ݈ݛڸݮڶݚ ˒ǘǘ ܪڷڲݮڵڲݚ ܪڹڲ ܪڸڲ ܿݛںڲ ŀǘ ǘɑƆƭʂʾƆ˥ǘ ʂɱ ˒ʂɩǘ ʂȄ ˥Țǘ˒ǘ ƆʳʳɑȪƷƆ˥Ȫʂɱ˒ Ȫɱ
ʂ˺ʾ ýǘƷ˥Ȫʂɱ ܿڶ

gȪɱƆɑɑ ܪ̰ ̣ǘ ɱʂ˥ǘ ˥ȚƆ˥ ƭ̰ ˥Țǘ ˒Ɔɩǘ Ɔʾȇ˺ɩǘɱ˥˒ Ɔ˒ Ȫɱ ݛڵڳݚ ʂ˺ʾ ʾǘ˒˺ɑ˥˒ ṷ̈́˥ǘɱǃ ˥ʂ ñȪǘݱ
ɩƆɱɱȪƆɱ ɩƆɱȪȄʂɑǃ˒ܿ

ۇ ±ʂ˥Ɔ˥Ȫʂɱܪ ʳʾǘɑȪɩȪɱƆʾȪǘ˒ Ɔɱǃ ʂ˺˥ɑȪɱǘ ʂȄ ˥Țǘ ʳʾʂʂȄ
�ǘ˥ Ӯ � �± ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܿ gʂʾ Ɔ ʳʾǘƷȪ˒ǘ ǃǘ͘ɱȪ˥Ȫʂɱ ʂȄ ̣ǘƆɈ
�Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ܪ ˒ǘǘ 6ǘ͘ɱȪ˥Ȫʂɱ˒ ڴܿڳ Ɔɱǃ ܿڶܿڳ �ɱ ˒Țʂʾ˥ܪ Ӯ Ȫ˒ Ɔɱ ǃȪɩǘɱ˒ȪʂɱƆɑݱ±
ƭɩƆɱȪȄʂɑǃ˺˒ݱڲ,ڱ, ʂȄ �± ̣Ȫ˥Ț ƭʂ˺ɱǃƆʾ ܪ̰ Ȫܿ ǘܿܪ Ɔ ɩƆɱȪȄʂɑǃ ̣Ȫ˥Ț �Ȫʳ˒ƷȚȪ˥̀ Ɔ˥ɑƆ˒ܿ �ǘ˥
Ә := �Ӯܪ ̣ȚȪƷȚ Ȫ˒ Ȫ˥˒ǘɑȄ Ɔɱ (± � ǃȪɩǘɱ˒ȪʂɱƆɑݱ(ڲ �Ȫʳ˒ƷȚȪ˥̀ݱɩƆɱȪȄʂɑǃ ̣Ȫ˥Țʂ˺˥ ƭʂ˺ɱǃƆʾ ܪ̰
Ʒʂɱ˒Ȫ˒˥ ʂȄ ˥̣ʂ ʾǘɑƆ˥Ȫ̝ǘɑ̰ ʂʳǘɱ ˒˺ƭ˒ǘ˥˒ Әւ Ɔɱǃ Әջ ˒˺ƷȚ ˥ȚƆ˥ Әւ � Әջ = Ә Ɔɱǃ Әւ � Әջ = �ܿ
ĊȚǘ ˒ǘʳƆʾƆ˥Ȫɱȇ ˒ǘ˥ Әւ � Әջ ݧȪɱ˥ǘʾȄƆƷǘݦ ̣Ȫɑɑ ƭǘ Ɔ˒˒˺ɩǘǃ ˥ʂ ƭǘ Ɔܪ ɱʂ˥ ɱǘƷǘ˒˒ƆʾȪɑ̰ Ʒʂɱݱ
ɱǘƷ˥ǘǃܪ (± � ǃȪɩǘɱ˒ȪʂɱƆɑݱ(ڳ �Ȫʳ˒ƷȚȪ˥̀ݱ˒˺ƭɩƆɱȪȄʂɑǃ ʂȄ Әܿ ŀǘ ˒ȚƆɑɑ ƷƆɑɑ (Ӯ, Әւ) Ɔ ̣ǘƆɈ
�Ȫʳ˒ƷȚȪ˥̀ ʳƆȪ ܿʾ

ŀǘ ̣Ȫɑɑ ƭǘ ̣ʂʾɈȪɱȇ Ȫɱ ˥Țǘ ȄʾƆɩụ̈́ʂʾɈ ʂȄ Ɔɑ˥ǘʾɱƆ˥Ȫɱȇ ǃȪ͍ǘʾǘɱ˥ȪƆɑ Ȅʂʾɩ˒݈ ˒ǘǘܪ Ȅʂʾ ǘ ݱ̭
Ɔɩʳɑǘܪ ܿݛڱڲݚ ĊȚǘ ̝ǘƷ˥ʂʾ ˒ʳƆƷǘ �,∞,ʹ(Ӯ) Ȫ˒ ǃǘ͘ɱǘǃ Ɔ˒ ˥Țǘ ˒˺ƭ˒ǘ˥ ʂȄ ,∞,ʹ(Ӯ)ܪ ˥Țǘ ˒ǘ˥ ʂȄ
˒ɩʂʂ˥Ț Ɔɑ˥ǘʾɱƆ˥ȪɱȇǃȪ͍ǘʾǘɱ˥ȪƆɑ Ȅʂʾɩ˒ʂȄ ʾƆɱɈ ܪʹ ȚƆ̝Ȫɱȇ ƷʂɩʳƆƷ˥ ˒˺ʳʳʂʾ˥ ȪɱӮܿ Ċʂȇǘ˥Țǘʾ
̣Ȫ˥Ț ˥Țǘ Ȫɱɱǘʾ ʳʾʂǃ˺Ʒ˥ܪ �F,vڳ��,ʹ(Ӯ) := �

Ӯ

F � �v
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ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ࡧ ںڸ

Ȫ˥ Ȫ˒ Ɔɱ Ȫɱɱǘʾ ʳʾʂǃ˺Ʒ˥ ˒ʳƆƷǘܿڲ ŀǘ ɩƆ̰ ˥Țǘɱ ǃǘ͘ɱǘ (Ӯ)ʹ,ڳ� Ɔ˒ ˥Țǘ Ʒʂɩʳɑǘ˥Ȫʂɱ ʂȄ �,∞,ʹ(Ӯ)
̣Ȫ˥Ț ʾǘ˒ʳǘƷ˥ ˥ʂ ˥Țǘ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ɱʂʾɩܿ (Ӯ)ʹ,ڳ� ƷƆɱ ƭǘ Ȫǃǘɱ˥Ȫ͘ǘǃ ̣Ȫ˥Ț ˥Țʂ˒ǘ ˒Ȅʂʾɩݱʹ
ȚƆ̝Ȫɱȇ ˒˥Ʒʂǘ͎ƷȪǘɱݱڳ� ̣Ȫ˥Ț ʾǘ˒ʳǘƷ˥ ˥ʂ Ɔɱ̰ ƷʂʂʾǃȪɱƆ˥ǘ ˒̰˒˥ǘɩܿ ę˒Ȫɱȇ ˥Țǘ ̣ǘƆɈ ̝ǘʾ˒Ȫʂɱ
ʂȄ ý˥ʂɈǘ˒ކ ˥Țǘʂʾǘɩܪ�ǃF,vڲ+ʹ,ڳ��(Ӯ) = ��F, ձvڳ��,ʹ(Ӯ), F � �,∞,ʹ(Ӯ), v � ,(Ӯ)ڲ+ʹ,∞,� ݧڲݦ

̣ǘƆɈ ̝ǘʾ˒Ȫʂɱ˒ ʂȄ ˥Țǘ ṷ̈́˥ǘʾȪʂʾ ǃǘʾȪ̝Ɔ˥Ȫ̝ǘ Ɔɱǃ ƷʂݱǃǘʾȪ̝Ɔ˥Ȫ̝ǘ ƷƆɱ ƭǘ ǃǘ͘ɱǘǃܿ vǘʾǘܪ ǃ Ȫ˒ ˥Țǘ
ṷ̈́˥ǘʾȪʂʾ ǃǘʾȪ̝Ɔ˥Ȫ̝ǘܪ ձ = ��ǃ(ڲ−ʹ)±(ڲ�) ˥Țǘ ƷʂݱǃǘʾȪ̝Ɔ˥Ȫ̝ǘ Ɔɱǃ � ˥Țǘ vʂǃȇǘݱ˒˥ƆʾݱʂʳǘʾƆ˥ʂʾ
ʂɱ Ӯܿ ŀǘ ˥Ț˺˒ Ȫɱ˥ʾʂǃ˺Ʒǘ ˥Țǘ ýʂƭʂɑǘ̝ ݧ˥vȪɑƭǘʾݦ ˒ʳƆƷǘ˒ ǘʹ˺Ȫʳʳǘǃݦ ̣Ȫ˥Ț ˥ȚǘȪʾ ɱƆ˥˺ʾƆɑ
ȇʾƆʳȚ ɱʂʾɩ˒ݧ

6ʹ(Ӯ) := �F � (Ӯ)ʹ,ڳ� : ǃF � ,�(Ӯ)ڲ+ʹ,ڳ� әʹ(Ӯ) := �F � (Ӯ)ʹ,ڳ� : ձF � �(Ӯ)ڲ−ʹ,ڳ�
Ȫɱ ˥Țǘ ǃȪ˒˥ʾȪƭ˺˥ȪʂɱƆɑ ˒ǘɱ˒ǘܿ �˥ Țʂɑǃ˒�6ʹ(Ӯ) = ә±−ʹ(Ӯ), �әʹ(Ӯ) = 6±−ʹ(Ӯ).

ŀǘ Ȅ˺ʾ˥Țǘʾ ǃǘ͘ɱǘ ˥Țǘ ˥ǘ˒˥ Ȅʂʾɩ˒�,∞,ʹӘւ (Ӯ) := �ք|Ӯ : ք � �,∞,ʹ��±�, ǃȪ˒˥(˒˺ʳʳք, Әւ) > �ڱ
Ɔɱǃ ɱʂ˥ǘ ˥ȚƆ˥ �,∞,ʹ� (Ӯ) = ,∞,ʹ(Ӯ)ܿ ŀǘ ɱʂ̣ ˥ƆɈǘ ƷƆʾǘ ʂȄ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܿ gȪʾ˒˥ܪ ̣ǘ
Ȫɱ˥ʾʂǃ˺Ʒǘ ˒˥ʾʂɱȇ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ Ɔ˒ Ʒɑʂ˒˺ʾǘ˒ ʂȄ ˥ǘ˒˥ Ȅʂʾɩ˒ ƭ̰�6ʹӘւ (Ӯ) := �,∞,ʹӘւ (Ӯ)6ʹ(Ӯ), �әʹӘջ (Ӯ) := �,∞,ʹӘջ (Ӯ)әʹ(Ӯ). ݧڳݦ

gʂʾ ˥Țǘ Ȅ˺ɑɑ ƭʂ˺ɱǃƆʾ̰ ƷƆ˒ǘ Әւ = Ә ܪʾǘ˒ʳܿݦ Әջ = Әܪݧ ̣ǘ ˒ǘ˥�6ʹ(Ӯ) := �6ʹӘւ (Ӯ), �әʹ(Ӯ) := �әʹӘջ (Ӯ).
g˺ʾ˥Țǘʾɩʂʾǘܪ ̣ǘ ǃǘ͘ɱǘ ̣ǘƆɈ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ Ȫɱ ˥Țǘ ˒ʳƆƷǘ˒�6ʹӘւ (Ӯ) := �F � 6ʹ(Ӯ) : �F, ձքڳ��,ʹ(Ӯ) = ��ǃF,քڲ+ʹ,ڳ��(Ӯ) Ȅʂʾ Ɔɑɑ ք � Әջڲ+ʹ,∞,� (Ӯ)�,�әʹӘջ (Ӯ) := �v � әʹ(Ӯ) : �v ,ǃքڳ��,ʹ(Ӯ) = ��ձv ,քڲ−ʹ,ڳ��(Ӯ) Ȅʂʾ Ɔɑɑ ք � Әւڲ−ʹ,∞,� (Ӯ)�, ݧڴݦ

Ɔɱǃ ƆȇƆȪɱ Ȅʂʾ Әւ = Ә ܪʾǘ˒ʳܿݦ Әջ = Әܪݧ ̣ǘ ˒ǘ˥�6ʹ(Ӯ) := �6ʹӘւ (Ӯ), �әʹ(Ӯ) := �әʹӘջ (Ӯ).
ŀǘ ɱʂ˥ǘ ˥ȚƆ˥ Ȫɱ 6ǘ͘ɱȪ˥Ȫʂɱ˒ ݧڲݦ Ɔɱǃ ܪݧڳݦ ˥Țǘ ˒ɩʂʂ˥Ț ˥ǘ˒˥ Ȅʂʾɩ˒ ƷƆɱ ƭ̰ ɩʂɑɑȪ͘ƷƆ˥Ȫʂɱ ƭǘ
ʾǘʳɑƆƷǘǃ ƭ̰ ˥ȚǘȪʾ ʾǘ˒ʳǘƷ˥Ȫ̝ǘ �Ȫʳ˒ƷȚȪ˥̀ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ Ʒʂ˺ɱ˥ǘʾʳƆʾ˥˒ܪ ǘܿ ȇܿܪ �,∞,ʹӘւ (Ӯ) ƷƆɱ ƭǘ

ڲ gʂʾ ˒ȪɩʳɑȪƷȪ˥ ܪ̰ ̣ǘ ̣ʂʾɈ Ȫɱ Ɔ ʾǘƆɑ vȪɑƭǘʾ˥ ˒ʳƆƷǘ ˒ǘ˥˥Ȫɱȇܿ
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ڱڹ ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

ʾǘʳɑƆƷǘǃ ƭ̰ Әւʹ,ڲ,ڱ,� (Ӯ)ܿ ýȪɩȪɑƆʾɑ ܪ̰ Ȫɱ 6ǘ͘ɱȪ˥Ȫʂɱ ݧڴݦ ˥Țǘ ˒ɩʂʂ˥Ț ˥ǘ˒˥ Ȅʂʾɩ˒ ƷƆɱ ƭ̰ Ʒʂɩݱ
ʳɑǘ˥Ȫʂɱ ƭǘ ʾǘʳɑƆƷǘǃ ƭ̰ ˥ȚǘȪʾ ʾǘ˒ʳǘƷ˥Ȫ̝ǘ Ʒɑʂ˒˺ʾǘ˒ܪ Ȫܿ ǘܿܪ Әջڲ+ʹ,∞,� (Ӯ) Ɔɱǃ Әւڲ−ʹ,∞,� (Ӯ) ƷƆɱ ƭǘ
ʾǘʳɑƆƷǘǃ ƭ̰ �әʹ+ڲӘջ (Ӯ) Ɔɱǃ Әւڲ−ʹ�6 (Ӯ)ܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ܿ �ɱ ݧڳݦ Ɔɱǃ ܪݧڴݦ Țʂɩʂȇǘɱǘʂ˺˒ ˥Ɔɱȇǘɱ˥ȪƆɑ
Ɔɱǃ ɱʂʾɩƆɑ ˥ʾƆƷǘ˒ ʂɱ Әւܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ Әջܪ Ɔʾǘ ȇǘɱǘʾƆɑȪ˒ǘǃܿ ,ɑǘƆʾɑ Әւʹ�6ܪ̰ (Ӯ) � �6ʹӘւ (Ӯ), �әʹӘջ (Ӯ) � �әʹӘջ (Ӯ)
Ɔɱǃ Ȫ˥ ̣Ȫɑɑ ɑƆ˥ǘʾ ƭǘ ˒Țʂ̣ɱ ˥ȚƆ˥ Ȫɱ ȄƆƷ˥ ǘʹ˺ƆɑȪ˥̰ Țʂɑǃ˒ ˺ɱǃǘʾ ʂ˺ʾ ʾǘȇ˺ɑƆʾȪ˥̰ Ɔ˒˒˺ɩʳ˥Ȫʂɱ˒
ʂɱ ˥Țǘ ƭʂ˺ɱǃƆʾ̰ܿ �ɱ ƷƆ˒ǘ ʂȄ Ȅ˺ɑɑ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ ˥Țǘ ǘʹ˺ƆɑȪ˥̰ ǘ̝ǘɱ Țʂɑǃ˒ ̣Ȫ˥Țʂ˺˥
Ɔɱ̰ Ɔ˒˒˺ɩʳ˥Ȫʂɱ˒ ʂɱ ˥Țǘ ʾǘȇ˺ɑƆʾȪ˥̰ ʂȄ ˥Țǘ ƭʂ˺ɱǃƆʾ ܪ̰ Ɔ˒ ƷƆɱ ƭǘ ˒ǘǘɱ ƭ̰ Ɔ ˒Țʂʾ˥ Ȅ˺ɱƷݱ
˥ȪʂɱƆɑ ƆɱƆɑ̰˥ȪƷ Ɔʾȇ˺ɩǘɱ˥ ǘǘ˒ݦ ݧݛڲݚ ƭ˺˥ ̣ȚȪƷȚ Ȫ˒ ˺ɱƆ̝ƆȪɑƆƭɑǘ Ȅʂʾ ˥Țǘ ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰
ƷƆ˒ǘܿ

ŀǘ ǃǘ͘ɱǘ ˥Țǘ Ʒɑʂ˒ǘǃ ˒˺ƭ˒ʳƆƷǘ˒

(Ӯ)ڱʹ6 := �F � 6ʹ(Ӯ) : ǃF = ,�ڱ әʹڱ(Ӯ) := �F � әʹ(Ӯ) : ձF = �ڱ
Ɔ˒ ̣ǘɑɑ Ɔ˒ �6ʹӘւ (Ӯ)ڱ, := �6ʹӘւ (Ӯ) � (Ӯ)ڱʹ6 Ɔɱǃ �әʹӘջ (Ӯ)ڱ, := �әʹӘջ (Ӯ) � әʹڱ(Ӯ)ܿ �ɱƆɑʂȇʂ˺˒ɑ ܪ̰ Ȅʂʾ
˥Țǘ ̣ǘƆɈ ˒ʳƆƷǘ˒�6ܪʹӘւ (Ӯ)ڱ, := �6ʹӘւ (Ӯ) � ,(Ӯ)ڱʹ6 �әʹӘջ (Ӯ)ڱ, := �әʹӘջ (Ӯ) � әʹڱ(Ӯ).

�ɱ ƆǃǃȪ˥Ȫʂɱ ˥ʂ ˥Țǘ ɑƆ˥˥ǘʾ ƷƆɱʂɱȪƷƆɑ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ܪ ̣ǘ ̣Ȫɑɑ Ɔɑ˒ʂ ɱǘǘǃ ˥Țǘ ƷɑƆ˒˒Ȫݱ
ƷƆɑ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ Ȅʂʾ ˥Țǘ F˺ƷɑȪǃǘƆɱ Ʒʂɩʳʂɱǘɱ˥˒ ʂȄ ܿ˒Ȅʂʾɩݱʹ ±ʂ˥ǘ ˥ȚƆ˥ Ӯܪ ˥ʂȇǘ˥Țǘʾ
̣Ȫ˥Ț ˥Țǘ ȇɑʂƭƆɑ Ȫǃǘɱ˥Ȫ˥̰ ƷȚƆʾ˥ܪ Ȫ˒ Ɔ ǃȪɩǘɱ˒ȪʂɱƆɑݱ± ñȪǘɩƆɱɱȪƆɱ ɩƆɱȪȄʂɑǃܿ �ɱ ʳƆʾ˥ȪƷ˺ݱ
ɑƆ ʾܪ ˒Ȅʂʾɩݱʹ F � (Ӯ)ʹ,ڳ� ƷƆɱ ƭǘ ʾǘʳʾǘ˒ǘɱ˥ǘǃ ȇɑʂƭƆɑɑ̰ Ȫɱ ,Ɔʾ˥ǘ˒ȪƆɱ ƷʂʂʾǃȪɱƆ˥ǘ˒ ƭ̰ ˥ȚǘȪʾ
Ʒʂɩʳʂɱǘɱ˥˒ F� ܪ Ȫܿ ǘܿܪ F = �� F�ǃ̭� ܿ vǘʾǘܪ ̣ǘ ˺˒ǘ ˥Țǘ ʂʾǃǘʾǘǃ ɩ˺ɑ˥ȪݱȪɱǃṷ̈́ ɱʂ˥Ɔ˥Ȫʂɱ
ǃ̭� = ǃ̭Ȫڲ � � � ��ǃ̭Ȫʹ Ȅʂʾ � = (Ȫڲ, . . . , Ȫʹ) � ,ڲ} . . . ,±}ʹܿ ĊȚǘ Ȫɱɱǘʾ ʳʾʂǃ˺Ʒ˥ Ȅʂʾ F,v � (Ӯ)ʹ,ڳ�
Ȫ˒ ȇȪ̝ǘɱ ƭ̰�F,vڳ��,ʹ(Ӯ) = �

Ӯ

F � �v =�
�
�
Ӯ

F�v� =�
�
�F� ,vڳ���(Ӯ) = � �F, �vڳ��(Ӯ),

̣Țǘʾǘ ̣ǘ Ȫɱ˥ʾʂǃ˺Ʒǘ ˥Țǘ ̝ǘƷ˥ʂʾ ʳʾʂ̭̰ ɱʂ˥Ɔ˥Ȫʂɱܩ�F = [F� ]� � ,�ʹ±�;�Ӯڳ� ±ʹ := �±ʹ �.
gʂʾ Ɉ � ܪ� ̣ǘ ƷƆɱ ɱʂ̣ ǃǘ͘ɱǘ ˥Țǘ ýʂƭʂɑǘ̝ ˒ʳƆƷǘvɈ,ʹ(Ӯ) Ɔ˒ ˥Țǘ ˒˺ƭ˒ǘ˥ ʂȄ (Ӯ)ʹ,ڳ� ȚƆ̝Ȫɱȇ
ǘƆƷȚ Ʒʂɩʳʂɱǘɱ˥ F� Ȫɱ vɈ(Ӯ)ܿ �ɱ ˥Țǘ˒ǘ ƷƆ˒ǘ˒ܪ ̣ǘ ȚƆ̝ǘ Ȅʂʾ |խ| � Ɉܪ�խF =�

�
�խF�ǃ̭� Ɔɱǃ �F,v�vɈ,ʹ(Ӯ) := �

,խ|≤Ɉ��խF|≥ڱ �խvڳ��,ʹ(Ӯ)
Ɔɱǃ ̣ǘ ˺˒ǘ ˥Țǘ ̝ǘƷ˥ʂʾ ʳʾʂ̭̰ ɱʂ˥Ɔ˥Ȫʂɱ Ɔɑ˒ʂ Ȅʂʾ ˥Țǘ ȇʾƆǃȪǘɱ˥ܪ Ȫܿ ǘܿܪ� �F = [�ɱF� ]ɱ,� = [. . .�F� . . .]� � .�ʹ±×±�;�Ӯڳ�
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ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ࡧ ڲڹ

�ɱ ʳƆʾ˥ȪƷ˺ɑƆ ʾܪ Ȅʂʾ F,v � vڲ,ʹ(Ӯ)ܪ
�F,v�vڲ,ʹ(Ӯ) = �F,vڳ��,ʹ(Ӯ) + ±�

ɱ=ڲ��ɱF, �ɱvڳ��,ʹ(Ӯ) =�� ��Ӯ F�v� +�
ɱ
�
Ӯ

�ɱF��ɱv��=�
�
��F� ,vڳ���(Ӯ) + ��F� ,�vڳ���(Ӯ)�= � �F, �vڳ��(Ӯ) + �� �F,� �vڳ��(Ӯ) = � �F, �v�vڲ(Ӯ).

%ʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ Ȅʂʾ vڲ,ʹ(Ӯ)ݱȄʂʾɩ˒ ƷƆɱ ƆȇƆȪɱ ƭǘ ǃǘ͘ɱǘǃ ˒˥ʾʂɱȇɑ̰ Ɔɱǃ ̣ǘƆɈɑ ܪ̰ Ȫܿ ǘܿܪ
ƭ̰ Ʒɑʂ˒˺ʾǘ �vڲ,ʹӘւ (Ӯ) := �,∞,ʹӘւ (Ӯ)vڲ,ʹ(Ӯ)
Ɔɱǃ ƭ̰ Ȫɱ˥ǘȇʾƆ˥Ȫʂɱ ƭ̰ ʳƆʾ˥˒�vڲ,ʹӘւ (Ӯ) := �F � vڲ,ʹ(Ӯ) : �F� , �ɱ (Ӯ)ڳ��֢ = ���ɱ F� (Ӯ)ڳ��֢, Ȅʂʾ Ɔɑɑ ɱ, � Ɔɱǃ Ɔɑɑ ֢ � �,∞Әջ (Ӯ)�,
ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ܿ �ǘ˥ ˺˒ Ɔɑ˒ʂ Ȫɱ˥ʾʂǃ˺Ʒǘ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ýʂƭʂɑǘ̝ ˥̰ʳǘ ˒ʳƆƷǘ˒ܩ

6Ɉ,ʹ(Ӯ) : = �F � vɈ,ʹ(Ӯ) : ǃF � vɈ,ʹ+ڲ(Ӯ)�,
әɈ,ʹ(Ӯ) : = �F � vɈ,ʹ(Ӯ) : ձF � vɈ,ʹ−ڲ(Ӯ)�.

ñǘɩƆʾɈ ܿڲܿڳ ŀǘ ǘɩʳȚƆ˒Ȫ˒ǘ ˥ȚƆ˥ ƭ̰ ˒̣Ȫ˥ƷȚȪɱȇ Әւ Ɔɱǃ Әջ ̣ǘ ƷƆɱ ǃǘ͘ɱǘ ˥Țǘ ʾǘ˒ʳǘƷ˥Ȫ̝ǘ
ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ʂɱ ˥Țǘ ʂ˥Țǘʾ ʳƆʾ˥ ʂȄ ˥Țǘ ƭʂ˺ɱǃƆʾ̰ Ɔ˒ ̣ǘɑɑܿ ¬ʂʾǘʂ̝ǘ ʾܪ Ɔɑɑ ǃǘ͘ɱȪݱ
˥Ȫʂɱ˒ ʂȄ ʂ˺ʾ ˒ʳƆƷǘ˒ ṷ̈́˥ǘɱǃ ɑȪ˥ǘʾƆɑɑ̰ ˥ʂ Ɔɱ̰ ʂʳǘɱ ˒˺ƭ˒ǘ˥ Ӯ � �± Ɔɱǃ Ɔɱ̰ ʾǘɑƆ˥Ȫ̝ǘɑ̰ ʂʳǘɱ
Ʒʂɩʳɑǘɩǘɱ˥Ɔʾ̰ ƭʂ˺ɱǃƆʾ̰ ʳƆȪʾ˒ Әւ Ɔɱǃ Әջܿ

gȪɱƆɑɑ ܪ̰ ̣ǘ Ȫɱ˥ʾʂǃ˺Ʒǘ ʂ˺ʾ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ˒ ղܿ

6ǘ͘ɱȪ˥Ȫʂɱ ܿڳܿڳ � ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ ղ : (Ӯ)ʹ,ڳ� � (Ӯ)ʹ,ڳ� ̣Ȫɑɑ ƭǘ ƷƆɑɑǘǃ ƆǃɩȪ˒˒Ȫƭɑǘܪ ȪȄ ղ Ȫ˒
ƭʂ˺ɱǃǘǃܪ ˒̰ɩɩǘ˥ʾȪƷܪ Ɔɱǃ˺ɱȪȄʂʾɩɑ̰ ʳʂ˒Ȫ˥Ȫ̝ǘ ǃǘ͘ɱȪ˥ǘܿ¬ʂʾǘ ʳʾǘƷȪ˒ǘɑ ܪ̰ ղ Ȫ˒ Ɔ ˒ǘɑȄݱƆǃɀʂȪɱ˥
ʂʳǘʾƆ˥ʂʾ ʂɱ (Ӯ)ʹ,ڳ� Ɔɱǃ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ ղ, ղ > ڱ ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ F � (Ӯ)ʹ,ڳ�

ղ|ղF|ڳ�,ʹ(Ӯ) � |F|ڳ�,ʹ(Ӯ) � ղ��ղF,Fڳ��,ʹ(Ӯ).
ۆܿۇ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒
�ǘ˥ Ӯ � �± ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ǃʂɩƆȪɱ ̣Ȫ˥Ț ƭʂ˺ɱǃƆʾ̰ Ә := �Ӯܿ ŀǘ Ȫɱ˥ʾʂǃ˺Ʒǘ ˥Țǘ ˒ǘ˥˥Ȫɱȇ
̣ǘ ̣Ȫɑɑ ƭǘ ̣ʂʾɈȪɱȇ Ȫɱܿ 6ǘ͘ɱǘ ƷȄܿݦ gȪȇ˺ʾǘ ݧڳܿڴ

� := ,ڲ�) ,(ڲ % := �± � �± , %± := {̭ � % : ±̭± > ,{ڱ ڱ% := {̭ � % : ̭± = ,{ڱ
±,ڱ% := {̭ � ڱ% : ڲ̭± > ,{ڱ ڱ,ڱ% := {̭ � ڱ% : ڲ̭ = .{ڱ
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ڳڹ ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

6ǘ͘ɱȪ˥Ȫʂɱ ڴܿڳ ŀǘƆɈݦ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܿݧ Ӯ Ȫ˒ ƷƆɑɑǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ܪ ȪȄ ˥Țǘ ƭʂ˺ɱǃƆʾ̰ Ә
Ȫ˒ Ɔ �Ȫʳ˒ƷȚȪ˥̀ ˒˺ƭɩƆɱȪȄʂɑǃ ʂȄ ˥Țǘ ɩƆɱȪȄʂɑǃ Ӯܪ Ȫܿ ǘܿܪ ˥Țǘʾǘ ṷ̈́Ȫ˒˥ Ɔ ͘ɱȪ˥ǘ ʂʳǘɱ Ʒʂ̝ǘʾȪɱȇ
ęڲ, . . . ,ę� � �± ʂȄ Ә Ɔɱǃ ̝ǘƷ˥ʂʾ ͘ǘɑǃ˒ ֢Ɉ : ęɈ � ܪ% ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɉ = ,ڲ . . . ,�
ݧȪݦ ֢Ɉ � ęɈ)ڲ,ڱ, ,%) Ȫ˒ ƭȪɀǘƷ˥Ȫ̝ǘ Ɔɱǃ ևɈ := Ɉڲ−֢ � ݈(ęɈ,%)ڲ,ڱ,
ݧȪȪݦ ֢Ɉ(ęɈ � Ӯ) = %−
Țʂɑǃܿ

ñǘɩƆʾɈ ܿڵܿڳ gʂʾ Ɉ = ,ڲ . . . ܪ�, ̣ǘ ȚƆ̝ǘ ֢Ɉ(ęɈ \ Ӯ) = %+ Ɔɱǃ ֢Ɉ(ęɈ � Ә) = ܿڱ%
6ǘ͘ɱȪ˥Ȫʂɱ ڶܿڳ ŀǘƆɈݦ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ Ɔɱǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ Ȫɱ˥ǘʾȄƆƷǘܿݧ �ǘ˥ Ӯ ƭǘ ̣ǘƆɈ
�Ȫʳ˒ƷȚȪ˥̀ܿ � ʾǘɑƆ˥Ȫ̝ǘɑ̰ ʂʳǘɱ ˒˺ƭ˒ǘ˥ Әւ ʂȄ Ә Ȫ˒ ƷƆɑɑǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ܪ ȪȄ Әւ Ȫ˒ Ɔ �Ȫʳ˒ƷȚȪ˥̀
˒˺ƭɩƆɱȪȄʂɑǃ ʂȄ Әܪ Ȫܿ ǘܿܪ ˥Țǘʾǘ Ɔʾǘ Ɔɱʂʳǘɱ Ʒʂ̝ǘʾȪɱȇęڲ, . . . ,ę� � �± ʂȄ Ә Ɔɱǃ̝ǘƷ˥ʂʾ ͘ǘɑǃ˒
֢Ɉ := ęɈ � ܪ% ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɉ = ,ڲ . . . ,� Ɔɱǃ Ȫɱ ƆǃǃȪ˥Ȫʂɱ ˥ʂ ܪݧȪݦ ݧȪȪݦ Ȫɱ 6ǘ͘ɱȪ˥Ȫʂɱ ڴܿڳ ʂɱǘ
ʂȄ
ݧȪȪȪݦ ęɈ � Әւ = �݈
ݧ�ȪȪȪݦ ęɈ � Әւ = ęɈ � Ә � ֢Ɉ(ęɈ � Әւ) = ݈ڱ%
ݧ��ȪȪȪݦ � �= ęɈ � Әւ �= ęɈ � Ә � ֢Ɉ(ęɈ � Әւ) = −,ڱ%
Țʂɑǃ˒ܿ ŀǘ ǃǘ͘ɱǘ Әջ := Ә \ Әւ ˥ʂ ƭǘ ˥Țǘ ʾǘɑƆ˥Ȫ̝ǘɑ̰ ʂʳǘɱ Ʒʂɩʳɑǘɩǘɱ˥ ʂȄ Әւܿ

6ǘ͘ɱȪ˥Ȫʂɱ ڷܿڳ ŀǘƆɈݦ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾܿݧ � ʳƆȪʾ (Ӯ, Әւ) ƷʂɱȄʂʾɩȪɱȇ ˥ʂ 6ǘ͘ɱȪ˥Ȫʂɱ˒ ڴܿڳ
Ɔɱǃ ڶܿڳ ̣Ȫɑɑ ƭǘ ƷƆɑɑǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ܿ

ñǘɩƆʾɈ ܿڸܿڳ �Ȅ (Ӯ, Әւ) Ȫ˒ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ܪ ˒ʂ Ȫ˒ (Ӯ, Әջ)ܿ ¬ʂʾǘʂ̝ǘ ʾܪ Ȅʂʾ ˥Țǘ ƷƆ˒ǘ˒ ܪݧȪȪȪݦ ݧ�ȪȪȪݦ
Ɔɱǃ ݧ��ȪȪȪݦ Ȫɱ 6ǘ͘ɱȪ˥Ȫʂɱ ڶܿڳ ̣ǘ Ȅ˺ʾ˥Țǘʾ ȚƆ̝ǘ
ݧȪȪȪݦ ęɈ � Әւ = � � ęɈ � Әջ = ęɈ � Ә � ֢Ɉ(ęɈ � Әջ) = ݈ڱ%
ݧ�ȪȪȪݦ ęɈ � Әւ = ęɈ � Ә � ęɈ � Әջ = �݈
ݧ��ȪȪȪݦ � �= ęɈ � Әւ �= ęɈ � Ә � � �= ęɈ � Әջ �= ęɈ � Ә � ֢Ɉ(ęɈ � Әջ) = +,ڱ% Ɔɱǃ

֢Ɉ(ęɈ � Әւ � Әջ) = ܿڱ,ڱ%
�ɱ ˥Țǘ ɑȪ˥ǘʾƆ˥˺ʾǘܪ ˥Țǘ ɱʂ˥Ȫʂɱ ʂȄ Ɔ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱӮ � �± Ȫ˒ ʂȄ˥ǘɱ ˺˒ǘǃ Ȅʂʾ Ɔ ˒˥ʾʂɱȇ

�Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܿ gʂʾ ˥ȚȪ˒ܪ ɑǘ˥ ˺˒ ǃǘ͘ɱǘ Ȅʂʾ ̭ � �± ܪ
̭� := ,ڲ̭) ,ڳ̭ . . . , ,(ڲ−±̭ ̭�� := ,ڳ̭) . . . , .(ڲ−±̭

6ǘ͘ɱȪ˥Ȫʂɱ ڹܿڳ ý˥ʾʂɱȇݦ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܿݧ Ӯ Ȫ˒ ƷƆɑɑǘǃ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ܪ ȪȄ ˥Țǘʾǘ Ɔʾǘ Ɔɱ
ʂʳǘɱ Ʒʂ̝ǘʾȪɱȇ ęڲ, . . . ,ę� � �± ʂȄ Әܪ ʾȪȇȪǃ ƭʂǃ̰ ɩʂ˥Ȫʂɱ˒ ñɈ = �Ɉ + ƆɈܪ �Ɉ � �±×±
ʂʾ˥ȚʂȇʂɱƆɑܪ ƆɈ � �± Ɔɱǃ ռɈ � ,ڲ−±�)ڲ,ڱ, ܪ(� ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɉ = ,ڲ . . . ,�
ݧȪݦ ñɈ(ęɈ � Ӯ) = {̭ � % : ̭± < ռɈ(̭�)}ܿ
ñǘɩƆʾɈ ܿںܿڳ gʂʾ Ɉ = ,ڲ . . . ܪ�, ̣ǘ ȚƆ̝ǘ

ñɈ(ęɈ \ Ӯ) = �̭ � % : ̭± > ռɈ�̭���, ñɈ(ęɈ � Ә) = �̭ � % : ̭± = ռɈ�̭���.
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ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ࡧ ڴڹ

6ǘ͘ɱȪ˥Ȫʂɱ ڱڲܿڳ ý˥ʾʂɱȇݦ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ Ɔɱǃ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ Ȫɱ˥ǘʾȄƆƷǘܿݧ �ǘ˥ Ӯ ƭǘ
˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ܿ � ʾǘɑƆ˥Ȫ̝ǘɑ̰ ʂʳǘɱ ˒˺ƭ˒ǘ˥ Әւ ʂȄ Ә Ȫ˒ ƷƆɑɑǘǃ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ܪ ȪȄ ˥Țǘʾǘ ǘ ݱ̭
Ȫ˒˥ Ɔɱ ʂʳǘɱ Ʒʂ̝ǘʾȪɱȇęڲ, . . . ,ę� � �± ʂȄ Әܪ ʾȪȇȪǃ ƭʂǃ̰ɩʂ˥Ȫʂɱ˒ ñɈܪ Ɔɱǃ ռɈ � ,ڲ−±�)ڲ,ڱ, ܪ(�
ճɈ � ,ڳ−±�)ڲ,ڱ, ܪ(� ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɉ = ,ڲ . . . ,� Ɔɱǃ Ȫɱ ƆǃǃȪ˥Ȫʂɱ ˥ʂ ݧȪݦ Ȫɱ 6ǘ͘ɱȪ˥Ȫʂɱ ڹܿڳ ʂɱǘ ʂȄ
ݧȪȪݦ ęɈ � Әւ = �݈
ݧ�ȪȪݦ ęɈ � Әւ = ęɈ � Ә � ñɈ(ęɈ � Әւ) = {̭ � % : ̭± = ռɈ(̭�)}݈
ݧ��ȪȪݦ � �= ęɈ � Әւ �= ęɈ � Ә � ñɈ(ęɈ � Әւ) = {̭ � % : ̭± = ռɈ(̭�), ڲ̭ < ճɈ(̭��)}
Țʂɑǃ˒ܿ ŀǘ ǃǘ͘ɱǘ Әջ := Ә \ Әւ ˥ʂ ƭǘ ˥Țǘ ʾǘɑƆ˥Ȫ̝ǘɑ̰ ʂʳǘɱ Ʒʂɩʳɑǘɩǘɱ˥ ʂȄ Әւܿ

6ǘ͘ɱȪ˥Ȫʂɱ ڲڲܿڳ ý˥ʾʂɱȇݦ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾܿݧ � ʳƆȪʾ (Ӯ, Әւ) ƷʂɱȄʂʾɩȪɱȇ ˥ʂ 6ǘ͘ɱȪ˥Ȫʂɱ˒ ڹܿڳ
Ɔɱǃ ڱڲܿڳ ̣Ȫɑɑ ƭǘ ƷƆɑɑǘǃ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ܿ

ñǘɩƆʾɈ ܿڳڲܿڳ �Ȅ (Ӯ, Әւ) Ȫ˒ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ܪ ˒ʂ Ȫ˒ (Ӯ, Әջ)ܿ ¬ʂʾǘʂ̝ǘ ʾܪ Ȅʂʾ ˥Țǘ ƷƆ˒ǘ˒ ܪݧȪȪݦ ݧ�ȪȪݦ
Ɔɱǃ ݧ��ȪȪݦ Ȫɱ 6ǘ͘ɱȪ˥Ȫʂɱ ڱڲܿڳ ̣ǘ Ȅ˺ʾ˥Țǘʾ ȚƆ̝ǘ
ݧȪȪݦ ęɈ � Әւ = � � ęɈ � Әջ = ęɈ � Ә � ñɈ(ęɈ � Әջ) = {̭ � % : ̭± = ռɈ(̭�)}݈
ݧ�ȪȪݦ ęɈ � Әւ = ęɈ � Ә � ęɈ � Әջ = �݈
ݧ��ȪȪݦ � �= ęɈ � Әւ �= ęɈ � Ә � � �= ęɈ � Әջ �= ęɈ � Ә �

ñɈ(ęɈ � Әջ) = �̭ � % : ̭± = ռɈ�̭��, ڲ̭ > ճɈ�̭����,
ñɈ(ęɈ � Әւ � Әջ) = �̭ � % : ̭± = ռɈ�̭��, ڲ̭ = ճɈ�̭����.

ñǘɩƆʾɈ ܿڴڲܿڳ ĊȚǘ Ȅʂɑɑʂ̣Ȫɱȇ Țʂɑǃ˒ܩ
ݧȪݦ Ӯ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ � Ӯ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀
ݧȪȪݦ (Ӯ, Әւ) ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ � (Ӯ, Әւ) ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ
gʂʾ Ɔ ʳʾʂʂȄ ɀ˺˒˥ ǃǘ͘ɱǘ ֢Ɉ := քɈ � ñɈ ̣Ȫ˥Ț քɈ : ęɈ � % ȇȪ̝ǘɱ ƭ̰

քɈ(̭) := ���
ڲ̭ � ճɈ(̭��)

̭��
̭± � ռɈ(̭�)��� .

±ʂ˥ǘ ˥ȚƆ˥ ˥Țǘ Ʒʂɱ˥ʾƆʾ̰ ǃʂǘ˒ ɱʂ˥ Țʂɑǃ Ɔ˒ ˥Țǘ ȪɩʳɑȪƷȪ˥ Ȅ˺ɱƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ Ȫ˒ ɱʂ˥ Ɔ̝ƆȪɑƆƭɑǘ
Ȅʂʾ �Ȫʳ˒ƷȚȪ˥̀ ɩƆʳ˒ܿ

gʂʾ ɑƆ˥ǘʾ ʳ˺ʾʳʂ˒ǘ˒ܪ ̣ǘ Ȫɱ˥ʾʂǃ˺Ʒǘ ˒ʳǘƷȪƆɑ ɱʂ˥Ɔ˥Ȫʂɱ Ȅʂʾ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ ǃʂɩƆȪɱ

ӣ := %−, հ := �ӣ ݧڵݦ

Ɔɱǃ Ȫ˥˒ ʾǘɑƆ˥Ȫ̝ǘɑ̰ ʂʳǘɱ ƭʂ˺ɱǃƆʾ̰ ʳƆʾ˥˒ հւ Ɔɱǃ հջ := հ \ հւܿ ŀǘ ̣Ȫɑɑ ʂɱɑ̰ Ʒʂɱ˒Ȫǃǘʾ ˥Țǘ
ƷƆ˒ǘ˒

հջ = �, հջ = ,ڱ% հջ = +,ڱ% ݧڶݦ

Ɔɱǃ ̣ǘ ɱʂ˥ǘ ˥ȚƆ˥ ӣ Ɔɱǃ հܪ հւܪ հջ Ɔʾǘ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ܪ ˒ǘǘ gȪȇ˺ʾǘ ܿڲܿڴ
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ڵڹ ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

gȪȇ˺ʾǘ ˒ƆʳʳȪɱȇ¬ܩڲܿڴ ֢Ɉ Ɔɱǃ ևɈ ƭǘ˥̣ǘǘɱ Ɔ ƭƆɑɑ ęɈ Ɔɱǃ ˥Țǘ Ʒ˺ƭǘ %ܿ

ۇܿۇ À˺˥ɑȪɱǘ ʂȄ ˥Țǘ ʳʾʂʂȄ
�ǘ˥ (Ӯ, Әւ) ƭǘ Ɔ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ Ȅʂʾ Ɔ ƭʂ˺ɱǃǘǃ ǃʂɩƆȪɱ Ӯ � �± ܿ
ݮ �˒ Ɔ ͘ʾ˒˥ ˒˥ǘʳܪ ̣ǘ ʂƭ˒ǘʾ̝ǘ �vڲ,ʹӘւ (Ӯ) = �vڲ,ʹӘւ (Ӯ)ܪ Ȫܿ ǘܿܪ Ȅʂʾ ˥Țǘ vڲ,ʹ(Ӯ)ݱ˒ʳƆƷǘ˒ ˥Țǘ ˒˥ʾʂɱȇ

Ɔɱǃ ̣ǘƆɈ ǃǘ͘ɱȪ˥Ȫʂɱ˒ ʂȄ ˥Țǘ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ƷʂȪɱƷȪǃǘ݈ ˒ǘǘ �ǘɩɩƆ ܿڵڲܿڳ
ݮ �ɱ ˥Țǘ ˒ǘƷʂɱǃ Ɔɱǃ ǘ˒˒ǘɱ˥ȪƆɑ ˒˥ǘʳܪ ̣ǘ Ʒʂɱ˒˥ʾ˺Ʒ˥ ̝ƆʾȪʂ˺˒ ʾǘȇ˺ɑƆʾ vݱʹ,ڲʳʂ˥ǘɱ˥ȪƆɑ˒ ʂɱ

˒Ȫɩʳɑǘ ǃʂɩƆȪɱ˒ܪ ɩƆȪɱɑ̰ Ȅʂʾ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ ӣ Ȅʾʂɩ ݧڵݦ ̣Ȫ˥Ț ˥Țǘ ˒ʳǘƷȪƆɑ ƭʂ˺ɱǃƆʾ̰
Ʒʂɱ˒˥ǘɑɑƆ˥Ȫʂɱ˒ ܪݧڶݦ Ȫܿ ǘܿ�6ܪʹӘջ (ӣ)ڱ, = �6ʹհջ (ӣ)ڱ, = ǃ �vڲ−ʹ,ڲհջ (ӣ), �әʹӘջ (ӣ)ڱ, = �әʹӘջ (ӣ)ڱ, = ձ �vڲ+ʹ,ڲհջ (ӣ);
˒ǘǘ ýǘƷ˥Ȫʂɱ ܿڴ êʂ˥ǘɱ˥ȪƆɑ˒ ʂȄ ˥ȚȪ˒ ˥̰ʳǘ Ɔʾǘ ƷƆɑɑǘǃ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒ܿ

ݮ �ɱ ˥Țǘ ˥ȚȪʾǃ ˒˥ǘʳܪ ýǘƷ˥Ȫʂɱ ܪڴܿڴ Ȫ˥ Ȫ˒ ˒Țʂ̣ɱ ˥ȚƆ˥ ˥Țǘ ˒˥ʾʂɱȇ Ɔɱǃ ̣ǘƆɈ ǃǘ͘ɱȪ˥Ȫʂɱ˒ ʂȄ
˥Țǘ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ƷʂȪɱƷȪǃǘ ʂɱ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ ӣ Ȅʾʂɩ ݧڵݦ ̣Ȫ˥Ț ˥Țǘ ˒ʳǘƷȪƆɑ
ƭʂ˺ɱǃƆʾ̰ Ʒʂɱ˒˥ǘɑɑƆ˥Ȫʂɱ ܪݧڶݦ Ȫܿ ǘܿ�6ܪʹӘջ (ӣ) = �6ʹӘջ (ӣ), �әʹӘջ (ӣ) = �әʹӘջ (ӣ). ݧڷݦ

ݮ ĊȚǘ Ȅʂ˺ʾ˥Ț ˒˥ǘʳ ʳʾʂ̝ǘ˒ ˥Țǘ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ ʂɱ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ ӣ Ȅʾʂɩ ݧڵݦ ̣Ȫ˥Ț
˥Țǘ ˒ʳǘƷȪƆɑ ƭʂ˺ɱǃƆʾ̰ Ʒʂɱ˒˥ǘɑɑƆ˥Ȫʂɱ˒ ܪݧڶݦ Ȫܿ ǘܿ�6ܪʹӘւ (ӣ) � ղ−ڲ �әʹӘջ (ӣ) �� (ӣ)ʹ,ڳ� ݧڸݦ

Ȫ˒ ƷʂɩʳƆƷ˥݈ ˒ǘǘ ýǘƷ˥Ȫʂɱ ܿڲܿڵ
ݮ �ɱ ˥Țǘ ͘Ȅ˥Ț ˒˥ǘʳܪ ĊȚǘʂʾǘɩ ܪڸܿڵ ݧڷݦ Ȫ˒ ǘ˒˥ƆƭɑȪ˒Țǘǃ Ȅʂʾ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ܪ Ȫܿ ǘܿ�6ܪʹӘւ (Ӯ) = �6ʹӘւ (Ӯ), �әʹӘջ (Ӯ) = �әʹӘջ (Ӯ).
ݮ �ɱ ˥Țǘ ɑƆ˒˥ ˒˥ǘʳܪ ̣ǘ ͘ɱƆɑɑ̰ ʳʾʂ̝ǘ ˥Țǘ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ ݧڸݦ Ȅʂʾ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀

ʳƆȪʾ˒ܪ Ȫܿ ǘܿܪ �6ʹӘւ (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ) �� (Ӯ)ʹ,ڳ�
Ȫ˒ ƷʂɩʳƆƷ˥݈ ˒ǘǘ ʂ˺ʾ ɩƆȪɱ ʾǘ˒˺ɑ˥ ĊȚǘʂʾǘɩ ܿڹܿڵ
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ۈܿۇ ýʂɩǘ Ȫɩʳʂʾ˥Ɔɱ˥ ʾǘ˒˺ɑ˥˒
ŀȪ˥ȚȪɱ ʂ˺ʾ ʳʾʂʂȄ˒ܪ ̣ǘ ɱǘǘǃ Ɔ Ȅụ̈́ Ȫɩʳʂʾ˥Ɔɱ˥ ˥ǘƷȚɱȪƷƆɑ ɑǘɩɩƆ˒ܿ gȪʾ˒˥ܪ ˥Țǘ ˒˥ʾʂɱȇ Ɔɱǃ
̣ǘƆɈ ǃǘ͘ɱȪ˥Ȫʂɱ˒ ʂȄ ˥Țǘ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ƷʂȪɱƷȪǃǘ Ȅʂʾ vڲ,ʹ(Ӯ)ݱȄʂʾɩ˒ܪ ̣ȚȪƷȚ Ȫ˒ Ɔ
ǃǘɱ˒Ȫ˥̰ ʾǘ˒˺ɑ˥ Ȅʂʾ vڲ,ʹ(Ӯ)ݱȄʂʾɩ˒ܿ ĊȚȪ˒ Ȫ˒ Ɔɱ ȪɩɩǘǃȪƆ˥ǘ Ʒʂɱ˒ǘʹ˺ǘɱƷǘ ʂȄ ˥Țǘ Ʒʂʾʾǘ˒ʳʂɱǃݱ
Ȫɱȇ ˒ƷƆɑƆʾ ʾǘ˒˺ɑ˥ܪ ̣Țʂ˒ǘ ʳʾʂʂȄ ƷƆɱ ƭǘ Ȅʂ˺ɱǃ Ȫɱ ܪڲڲݚ �ǘɩɩƆ ܪڳ �ǘɩɩƆ ݛڴ Ɔɱǃ ̣Ȫ˥Ț Ɔ
˒ȪɩʳɑȪ͘ǘǃ ʳʾʂʂȄ Ȫɱ ܪڲݚ �ǘɩɩƆ ܿݛڲܿڴ

�ǘɩɩƆ ڵڲܿڳ ŀǘƆɈݦ Ɔɱǃ ˒˥ʾʂɱȇ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ƷʂȪɱƷȪǃǘ Ȅʂʾ vڲ,ʹ(Ӯ)ܿݧ �ǘ˥ Ӯ � �±
ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ǃʂɩƆȪɱ Ɔɱǃ ɑǘ˥ (Ӯ, Әւ) ƭǘ Ɔ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ Ɔ˒ ̣ǘɑɑ Ɔ˒�vڲ�,ʹӘւ (Ӯ) := �˺ � vڲ,ʹ(Ӯ) : ˺|Әւ = �ڱ
Ȫɱ ˥Țǘ ˒ǘɱ˒ǘ ʂȄ ˥ʾƆƷǘ˒ܿ ĊȚǘɱ �vڲ,ʹӘւ (Ӯ) = �vڲ�,ʹӘւ (Ӯ) = �vڲ,ʹӘւ (Ӯ)ܿ

�ɱʂ˥Țǘʾ Ʒʾ˺ƷȪƆɑ ˥ʂʂɑ Ȫɱ ʂ˺ʾ Ɔʾȇ˺ɩǘɱ˥˒ Ȫ˒ Ɔ ˺ɱȪ̝ǘʾ˒Ɔɑ ṷ̈́˥ǘɱ˒Ȫʂɱ ʂʳǘʾƆ˥ʂʾ Ȅʂʾ ˥Țǘ
ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ 6Ɉ,ʹ(Ӯ) Ɔɱǃ әɈ,ʹ(Ӯ) ȇȪ̝ǘɱ Ȫɱ ܪݛںݚ ̣ȚȪƷȚ Ȫ˒ ƭƆ˒ǘǃ ʂɱ ˥Țǘ ˺ɱȪ̝ǘʾ˒Ɔɑ ṷ̈́˥ǘɱݱ
˒Ȫʂɱ ʂʳǘʾƆ˥ʂʾ Ȅʂʾ ˒˥ƆɱǃƆʾǃ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ vɈ(Ӯ) Ȫɱ˥ʾʂǃ˺Ʒǘǃ ƭ̰ ý˥ǘȪɱ Ȫɱ ܿݛڷڳݚ ݱęɱȪ̝ǘʾށ
˒ƆɑȪ˥̰ނ Ȫɱ ˥ȚȪ˒ Ʒʂɱ˥ṷ̈́˥ ɩǘƆɱ˒ ˥ȚƆ˥ ˥Țǘ ʂʳǘʾƆ˥ʂ ʾܪ ̣ȚȪƷȚ Ȫ˒ ȇȪ̝ǘɱ ƭ̰ Ɔ ˒Ȫɱȇɑǘ Ȅʂʾɩ˺ɑƆܪ Ȫ˒
Ɔƭɑǘ ˥ʂ ṷ̈́˥ǘɱǃ Ɔɑɑ ʂʾǃǘʾ˒ ʂȄ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ ˒Ȫɩ˺ɑ˥Ɔɱǘʂ˺˒ɑ̰ܿ ¬ʂʾǘ ʳʾǘƷȪ˒ǘɑ ܪ̰ ˥Țǘ Ȅʂɑɑʂ̣ݱ
Ȫɱȇ ˥Țǘʂʾǘɩܪ ̣ȚȪƷȚ Ȫ˒ ˥ƆɈǘɱ Ȅʾʂɩ ܪںݚ ĊȚǘʂʾǘɩ ܪݛڷܿڴ Țʂɑǃ˒ܿ

�ǘɩɩƆ ڶڲܿڳ ˒ކý˥ǘȪɱݦ ṷ̈́˥ǘɱ˒Ȫʂɱ ʂʳǘʾƆ˥ʂʾܿݧ �ǘ˥ Ӯ � �± ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀
ǃʂɩƆȪɱܿ ĊȚǘɱ Ȅʂʾ Ɉ � ڱ� Ɔɱǃ ڱ � ʹ � ± ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ ݧɱȪ̝ǘʾ˒Ɔɑ˺ݦ ɑȪɱǘƆʾ Ɔɱǃ Ʒʂɱ˥Ȫɱ˺ʂ˺˒
ṷ̈́˥ǘɱ˒Ȫʂɱ ʂʳǘʾƆ˥ʂʾ

E : 6Ɉ,ʹ(Ӯ)� 6Ɉ,ʹ��±�.
¬ʂʾǘ ʳʾǘƷȪ˒ǘɑ ܪ̰ E ˒Ɔ˥Ȫ˒͘ǘ˒ EF = F Ɔܿ ǘܿ Ȫɱ Ӯ Ɔɱǃ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ʒ > ڱ ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ
F � 6Ɉ,ʹ(Ӯ) |EF|6Ɉ,ʹ(�± ) � Ʒ|F|6Ɉ,ʹ(Ӯ).
g˺ʾ˥Țǘʾɩʂʾǘܪ E ƷƆɱ ƭǘ ƷȚʂ˒ǘɱ ˒˺ƷȚ ˥ȚƆ˥ EF ȚƆ˒ Ɔ ̭͘ǘǃ ƷʂɩʳƆƷ˥ ˒˺ʳʳʂʾ˥ Ȫɱ �± Ȅʂʾ Ɔɑɑ
F � 6Ɉ,ʹ(Ӯ)ܿ

À˺ʾ ˥ȚȪʾǃ ɑǘɩɩƆ ˒˺ɩɩƆʾȪ˒ǘ˒ ̣ǘɑɑݱɈɱʂ̣ɱ Ɔɱǃ Ȅ˺ɱǃƆɩǘɱ˥Ɔɑ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ˥Țǘ ˥Țǘʂʾ̰
ʂȄ¬Ɔ̭̣ǘɑɑކ˒ ǘʹ˺Ɔ˥Ȫʂɱ˒ Ȅʾʂɩ ܪڴڳݚ ܿݛڵڳ gʂʾ ˥ȚȪ˒ܪ ̣ǘ ǃǘɱʂ˥ǘ ʂʾ˥ȚʂȇʂɱƆɑȪ˥̰ Ɔɱǃ ˥Țǘ ʂʾ˥Țʂȇݱ
ʂɱƆɑ ˒˺ɩ Ȫɱ (Ӯ)ʹ,ڳ� ƭ̰� Ɔɱǃ ܪ� ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ Ɔɱǃ Ȫɱ˥ʾʂǃ˺Ʒǘ ˥Țǘ ȚƆʾɩʂɱȪƷ 6ȪʾȪƷȚɑǘ˥ Ɔɱǃ
±ǘ˺ɩƆɱɱ Ȅʂʾɩ˒

H
ʹ
6(Ӯ) := (Ӯ)ڱʹ�6 � әʹڱ(Ӯ), H

ʹ
± (Ӯ) := (Ӯ)ڱʹ6 � �әʹڱ(Ӯ),

ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ܿ
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ڷڹ ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

�ǘɩɩƆ ڷڲܿڳ ˒ކêȪƷƆʾǃݦ ȇǘɱǘʾƆɑȪ˒Ɔ˥Ȫʂɱ ʂȄ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܪ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩݱ
ʳʂ˒Ȫ˥Ȫʂɱ˒ Ɔɱǃ ¬Ɔ̭̣ǘɑɑ ǘ˒˥ȪɩƆ˥ǘ˒ܿݧ �ǘ˥ Ӯ � �± ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܿ
ĊȚǘɱ ˥Țǘ ǘɩƭǘǃǃȪɱȇ˒�6ʹ(Ӯ) � әʹ(Ӯ) �� ,(Ӯ)ʹ,ڳ� 6ʹ(Ӯ) � �әʹ(Ӯ) �� (Ӯ)ʹ,ڳ�
Ɔʾǘ ƷʂɩʳƆƷ˥ ƆɱǃHʹ

6(Ӯ)ܪHʹ
± (Ӯ) Ɔʾǘ ͘ɱȪ˥ǘݱǃȪɩǘɱ˒ȪʂɱƆɑܿ ¬ʂʾǘʂ̝ǘ ʾܪ ˥Țǘ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩݱ

ʳʂ˒Ȫ˥Ȫʂɱ˒

(Ӯ)ʹ,ڳ� = ǃ (Ӯ)ڲ−ʹ�6 � әʹڱ(Ӯ) (Ӯ)ʹ,ڳ� = ǃ6ʹ−ڲ(Ӯ) � �әʹڱ(Ӯ)= (Ӯ)ڱʹ�6 � ձ әʹ+ڲ(Ӯ) = (Ӯ)ڱʹ6 � ձ �әʹ+ڲ(Ӯ)= ǃ (Ӯ)ڲ−ʹ�6 �Hʹ
6(Ӯ) � ձ әʹ+ڲ(Ӯ), = ǃ6ʹ−ڲ(Ӯ) �Hʹ

± (Ӯ) � ձ �әʹ+ڲ(Ӯ)
Ɔʾǘ ̝ƆɑȪǃܿ �ɱ ʳƆʾ˥ȪƷ˺ɑƆ ʾܪ Ɔɑɑ ʾƆɱȇǘ˒ Ɔʾǘ Ʒɑʂ˒ǘǃ ˒˺ƭ˒ʳƆƷǘ˒ ʂȄ (Ӯ)ʹ,ڳ� Ɔɱǃ

ǃ (Ӯ)ڲ−ʹ�6 = (Ӯ)ڱʹ�6 �Hʹ
6(Ӯ)⊥, ǃ6ʹ−ڲ(Ӯ) = (Ӯ)ڱʹ6 �Hʹ

± (Ӯ)⊥,
ձ әʹ+ڲ(Ӯ) = әʹڱ(Ӯ) �Hʹ

6(Ӯ)⊥, ձ �әʹ+ڲ(Ӯ) = �әʹڱ(Ӯ) �Hʹ
± (Ӯ)⊥.

g˺ʾ˥Țǘʾɩʂʾǘܪ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ʒ > ڱ ˒˺ƷȚ ˥ȚƆ˥
Ʒ|F|ڳ�,ʹ(Ӯ) � |ǃF|ڲ+ʹ,ڳ�(Ӯ) + |ձF|ڲ−ʹ,ڳ�(Ӯ)

Țʂɑǃ˒ Ȅʂʾ Ɔɑɑ F � �6ʹ(Ӯ) � әʹ(Ӯ) �Hʹ
6(Ӯ)⊥ Ɔɱǃ Ɔɑɑ F � 6ʹ(Ӯ) � �әʹ(Ӯ) �Hʹ

± (Ӯ)⊥ܪ Ȫܿ ǘܿܪ ˥Țǘ
¬Ɔ̭̣ǘɑɑ ʂʾݦ gʾȪǘǃʾȪƷȚ˒ݮêʂȪɱƷƆʾǚݱ˥̰ʳǘݧ ǘ˒˥ȪɩƆ˥ǘ˒ Ɔʾǘ ̝ƆɑȪǃܿ

,ʂʾʂɑɑƆʾ̰ ڸڲܿڳ ñǘ͘ɱǘǃݦ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ܿݧ �ǘ˥ Ӯ � �± ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ
�Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܿ ĊȚǘɱ�6ʹ(Ӯ) = (Ӯ)ڱʹ�6 � � �6ʹ(Ӯ) � ձ әʹ+ڲ(Ӯ)�, ǃ �6ʹ(Ӯ) = ǃ� �6ʹ(Ӯ) � ձ әʹ+ڲ(Ӯ)�,

6ʹ(Ӯ) = (Ӯ)ڱʹ6 � �6ʹ(Ӯ) � ձ �әʹ+ڲ(Ӯ)�, ǃ6ʹ(Ӯ) = ǃ�6ʹ(Ӯ) � ձ �әʹ+ڲ(Ӯ)�,
әʹ(Ӯ) = �ǃ (Ӯ)ڲ−ʹ�6 � әʹ(Ӯ)� � әʹڱ(Ӯ), ձ әʹ(Ӯ) = ձ�ǃ (Ӯ)ڲ−ʹ�6 � әʹ(Ӯ)�,�әʹ(Ӯ) = �ǃ6ʹ−ڲ(Ӯ) � �әʹ(Ӯ)� � �әʹڱ(Ӯ), ձ �әʹ(Ӯ) = ձ�ǃ6ʹ−ڲ(Ӯ) � �әʹ(Ӯ)�.

�ǘ˥ վʹ,Ӯ : (Ӯ)ʹ,ڳ� � ձ �әʹ+ڲ(Ӯ) ƭǘ ˥Țǘ ʂʾ˥ȚʂɱʂʾɩƆɑ vǘɑɩȚʂɑ˥̀ ʳʾʂɀǘƷ˥ʂʾ ʂɱ˥ʂ
ձ �әʹ+ڲ(Ӯ)ܿ %̰ ˥Țǘ ɑƆ˥˥ǘʾ ƷʂʾʂɑɑƆʾ ܪ̰ վʹ,Ӯ ɩƆʳ˒ 6ʹ(Ӯ) ˥ʂ

6ʹ(Ӯ) � ձ �әʹ+ڲ(Ӯ) = 6ʹ(Ӯ) � �әʹڱ(Ӯ) �Hʹ
± (Ӯ)⊥.

,ʂʾʂɑɑƆʾ̰ ڹڲܿڳ Ɔ̭̣ǘɑɑ¬ݦ ǘ˒˥ȪɩƆ˥ǘ Ȅʂʾ ǃ Ɔɱǃ ±ǘ˺ɩƆɱɱ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱܿݧ �˒˒˺ɩǘ
Ӯ � �± ˥ʂ ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܿ ĊȚǘɱ Ȅʂʾ Ɔɑɑ F � 6ʹ(Ӯ) Ȫ˥ Țʂɑǃ˒
վʹ,ӮF � 6ʹ(Ӯ) � ձ �әʹ+ڲ(Ӯ) Ɔɱǃ ǃվʹ,ӮF = ǃF Ɔ˒ ̣ǘɑɑ Ɔ˒

Ʒ|վʹ,ӮF|ڳ�,ʹ(Ӯ) � |ǃF|ڲ+ʹ,ڳ�(Ӯ),
̣Ȫ˥Ț Ʒ Ȅʾʂɩ �ǘɩɩƆ ܿڷڲܿڳ
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ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ࡧ ڸڹ

�Ȅ Ӯ = �± ܪ Ɔ ˒ȪɩȪɑƆʾ ˥Țǘʂʾ̰ Țʂɑǃ˒ ˥ʾ˺ǘ ˺˥ȪɑȪ˒Ȫɱȇ ʳʂɑ̰ɱʂɩȪƆɑɑ̰ ̣ǘȪȇȚ˥ǘǃ ýʂƭʂɑǘ̝
˒ʳƆƷǘ˒݈ ˒ǘǘ ݛڴڳݚ Ȅʂʾ ǃǘ˥ƆȪɑ˒ܿ �ǘ˥ վʹ,�± : ±�)ʹ,ڳ� ) � әʹڱ(�± ) ƭǘ ˥Țǘ ʂʾ˥ȚʂɱʂʾɩƆɑ
vǘɑɩȚʂɑ˥̀ ʳʾʂɀǘƷ˥ʂʾ ʂɱ˥ʂ әʹڱ(�± )ܿ
�ǘɩɩƆ ںڲܿڳ ̀˥vǘɑɩȚʂɑݦ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ Ɔɱǃ ¬Ɔ̭̣ǘɑɑ ǘ˒˥ȪɩƆ˥ǘ Ȅʂʾ ǃ Ȫɱ ˥Țǘ ̣Țʂɑǘ
˒ʳƆƷǘܿݧ �˥ Țʂɑǃ˒Hʹ

± (�± ) = Hʹ
6(�± ) = {ڱ} Ɔɱǃ

�±��ʹ,ڳ� = �±��ڱʹ6 � әʹڱ��±�, 6ʹ��±� = �±��ڱʹ6 � �6ʹ��±� � әʹڱ��±��.
¬ʂʾǘʂ̝ǘ ʾܪ Ȅʂʾ Ɔɑɑ F � 6ʹ(�± ) Ȫ˥ Țʂɑǃ˒ վʹ,�± F � 6ʹ(�± ) � әʹڱ(�± ) Ɔɱǃ ǃվʹ,�± F = ǃF Ɔ˒
̣ǘɑɑ Ɔ˒ |վʹ,�± F|6ʹ(�± ) � |F|6ʹ(�± ).

ñǘȇ˺ɑƆʾȪ˥̰ Ȫɱ ˥Țǘ ̣Țʂɑǘ ˒ʳƆƷǘ ܪǘǘ˒ݦ ǘܿ ȇܿܪ ܪڳڲݚ ݧڸܿڵݦ ʂʾ �ǘɩɩƆ ݧݛݧȪݦڳܿڵ ˒Țʂ̣˒ ˥Țǘ Ȅʂɑݱ
ɑʂ̣Ȫɱȇ ʾǘ˒˺ɑ˥ܿ

�ǘɩɩƆ ڱڳܿڳ ̰˥ñǘȇ˺ɑƆʾȪݦ Ȫɱ ˥Țǘ ̣Țʂɑǘ ˒ʳƆƷǘܿݧ 6ʹ(�± ) � әʹ(�± ) = vڲ,ʹ(�± ) ̣Ȫ˥Ț ǘʹ˺Ɔɑ
ɱʂʾɩ˒ܿ ¬ʂʾǘ ʳʾǘƷȪ˒ǘɑ ܪ̰ F � 6ʹ(�± ) � әʹ(�± ) ȪȄ Ɔɱǃ ʂɱɑ̰ ȪȄ F � vڲ,ʹ(�± ) Ɔɱǃ|F|ڳvڲ,ʹ(�± ) = |F|ڳ�ڳ,ʹ(�± ) + |ǃF|ڲ+ʹ,ڳ�ڳ(�± ) + |ձF|ڲ−ʹ,ڳ�ڳ(�± ).
ۈ ñǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒
�˒ ʂɱǘ ʂȄ ʂ˺ʾ ɩƆȪɱ ˒˥ǘʳ˒ ǘʳ˥˒ݦ ܪݧڵ Ȫɱ ýǘƷ˥Ȫʂɱ ڲܿڵ ˥Țǘ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ Ȫ˒ ʳʾʂ̝ǘǃ
ʂɱ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ ӣ � �± ܿ ĊȚȪ˒ ̣Ȫɑɑ ƭǘ ƆƷȚȪǘ̝ǘǃ Ȫɱݦ ˒˥ǘʳ ݧڳ ƭ̰ Ʒʂɱ˒˥ʾ˺Ʒ˥Ȫɱȇ ʾǘȇ˺ɑƆʾ
vڲ(ӣ)ݱʳʂ˥ǘɱ˥ȪƆɑ˒ Ȅʂʾ ǃݱȄʾǘǘ Ɔɱǃ ձݱȄʾǘǘ ܪ˒Ȅʂʾɩݱ(ӣ)ʹ,ڳ� ̣ȚȪƷȚ ̣Ȫɑɑ ˥Țǘɱ ǘɱƆƭɑǘ ˺˒ ˥ʂ ˺˒ǘ
ñǘɑɑȪƷȚކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܿ ĊȚȪ˒ ˒ǘƷ˥Ȫʂɱ Ȫ˒ ǃǘ̝ʂ˥ǘǃ ˥ʂ ˥Țǘ Ʒʂɱ˒˥ʾ˺Ʒ˥Ȫʂɱ Ɔɱǃ ṷ̈́Ȫ˒˥ǘɱƷǘ
ʂȄ ˥Țǘ˒ǘ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒ܪ Ȫܿ ǘܿܪ ˥ʂ ˒˥ǘʳ ܿڳ

ۆܿۈ ñǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒ ̣Ȫ˥Țʂ˺˥ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒
�ǘ˥ ˺˒ ʾǘƷƆɑɑ

ǃ6ʹ−ڲ(Ӯ) = (Ӯ)ڱʹ6 �Hʹ
± (Ӯ)⊥, ձ әʹ+ڲ(Ӯ) = әʹڱ(Ӯ) �Hʹ

6(Ӯ)⊥
Ȅʾʂɩ �ǘɩɩƆ ܿڷڲܿڳ ĊȚǘ ɱṷ̈́˥ ˥̣ʂ ɑǘɩɩƆ˒ ǘɱ˒˺ʾǘ ˥Țǘ ṷ̈́Ȫ˒˥ǘɱƷǘ ʂȄ vڲ,ʹ(Ӯ)ݱʳʂ˥ǘɱ˥ȪƆɑ˒
̣Ȫ˥Țʂ˺˥ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ Ȅʂʾ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ܿ

�ǘɩɩƆ ڲܿڴ ñǘȇ˺ɑƆʾݦ ʳʂ˥ǘɱ˥ȪƆɑ Ȅʂʾ ǃ ̣Ȫ˥Țʂ˺˥ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱܿݧ �ǘ˥ Ӯ � �± ƭǘ Ɔ
ƭʂ˺ɱǃǘǃ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܿ ĊȚǘɱ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ɑȪɱǘƆʾ ʂʳǘʾƆ˥ʂʾ

Tǃ : (Ӯ)ڱʹ6 �Hʹ
± (Ӯ)⊥ � vڲ−ʹ,ڲ��±� � әʹ−ڱڲ ��±�
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ڹڹ ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ F � (Ӯ)ڱʹ6 �Hʹ
± (Ӯ)⊥

ǃ TǃF = F Ȫɱ Ӯ.
F˒ʳǘƷȪƆɑɑ ܪ̰

(Ӯ)ڱʹ6 �Hʹ
± (Ӯ)⊥ = ǃvڲ−ʹ,ڲ(Ӯ) = ǃ�vڲ−ʹ,ڲ(Ӯ) � әʹ−ڱڲ (Ӯ)�

Ɔɱǃ ˥Țǘ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ ǃǘʳǘɱǃ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ɑ̰ ʂɱ ˥Țǘ ǃƆ˥Ɔܿ êƆʾ˥ȪƷ˺ɑƆʾɑ ܪ̰ ˥Țǘ˒ǘ Ɔʾǘ
Ʒɑʂ˒ǘǃ ˒˺ƭ˒ʳƆƷǘ˒ ʂȄ (Ӯ)ʹ,ڳ� Ɔɱǃ Tǃ Ȫ˒ Ɔ ʾȪȇȚ˥ Ȫɱ̝ǘʾ˒ǘ ˥ʂ ǃܿ %̰ Ɔ ˒Ȫɩʳɑǘ Ʒ˺ ʂ͍ݱ˥ ˥ǘƷȚɱȪʹ˺ǘ
Tǃ ɩƆ̰ ƭǘ ɩʂǃȪ͘ǘǃ ˥ʂ

Tǃ : (Ӯ)ڱʹ6 �Hʹ
± (Ӯ)⊥ � vڲ−ʹ,ڲ��±�

˒˺ƷȚ ˥ȚƆ˥ TǃF ȚƆ˒ Ɔ ̭͘ǘǃ ƷʂɩʳƆƷ˥ ˒˺ʳʳʂʾ˥ Ȫɱ �± Ȅʂʾ Ɔɑɑ F � (Ӯ)ڱʹ6 �Hʹ
± (Ӯ)⊥ܿ

êʾʂʂȄܿ ý˺ʳʳʂ˒ǘ F � (Ӯ)ڱʹ6 � Hʹ
± (Ӯ)⊥ܿ %̰ �ǘɩɩƆ ܪڷڲܿڳ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ v � (Ӯ)ڲ−ʹ6 ̣Ȫ˥Ț

ǃv = F Ȫɱ Ӯܿ �ʳʳɑ̰Ȫɱȇ ,ʂʾʂɑɑƆʾ̰ ܪڹڲܿڳ ̣ǘ ȇǘ˥ վʹ−ڲ,Ӯv � (Ӯ)ڲ−ʹ6 � ձ �әʹ(Ӯ) ̣Ȫ˥Ț
ǃվʹ−ڲ,Ӯv = ǃv = F Ɔɱǃ |վʹ−ڲ,Ӯv|6ʹ−ڲ(Ӯ) � Ʒ|F|ڳ�,ʹ(Ӯ).
±ʂ˥ǘ ˥ȚƆ˥ վʹ−ڲ,Ӯv Ȫ˒ ˺ɱȪʹ˺ǘɑ̰ ǃǘ˥ǘʾɩȪɱǘǃܿ %̰ ˥Țǘ ý˥ǘȪɱ ṷ̈́˥ǘɱ˒Ȫʂɱ ʂʳǘʾƆ˥ʂʾ
E : (Ӯ)ڲ−ʹ,ڱ6 � ±�)ڲ−ʹ,ڱ6 ) Ȅʾʂɩ �ǘɩɩƆ ܪڶڲܿڳ ̣ǘ ȚƆ̝ǘ Eվʹ−ڲ,Ӯv � ±�)ڲ−ʹ,ڱ6 )
̣Ȫ˥Ț ƷʂɩʳƆƷ˥ ˒˺ʳʳʂʾ˥ܿ êʾʂɀǘƷ˥Ȫɱȇ ƆȇƆȪɱܪ ɱʂ̣ ̣Ȫ˥Ț �ǘɩɩƆ ںڲܿڳ ʂɱ˥ʂ әʹ−ڱڲ (�± ܪ( ̣ǘ
ʂƭ˥ƆȪɱ վʹ−ڲ,�±Eվʹ−ڲ,Ӯv � ±�)ڲ−ʹ6 ) � әʹ−ڱڲ (�± ) ƆȇƆȪɱݦ ˺ɱȪʹ˺ǘɑ̰ ǃǘ˥ǘʾɩȪɱǘǃݧ ̣Ȫ˥Ț
ǃվʹ−ڲ,�±Eվʹ−ڲ,Ӯv = ǃ Eվʹ−ڲ,Ӯv Ɔɱǃ|վʹ−ڲ,�±Eվʹ−ڲ,Ӯv|6ʹ−ڲ(�± ) � |Eվʹ−ڲ,Ӯv|6ʹ−ڲ(�± ) � Ʒ|վʹ−ڲ,Ӯv|6ʹ−ڲ(Ӯ).
�ǘɩɩƆ ڱڳܿڳ ˒Țʂ̣˒ վʹ−ڲ,�±Eվʹ−ڲ,Ӯv � vڲ−ʹ,ڲ(�± ) � әʹ−ڱڲ (�± ) ̣Ȫ˥Ț|վʹ−ڲ,�±Eվʹ−ڲ,Ӯv|vڲ−ʹ,ڲ(�± ) = |վʹ−ڲ,�±Eվʹ−ڲ,Ӯv|6ʹ−ڲ(�± ).
gȪɱƆɑɑ ܪ̰ TǃF := վʹ−ڲ,�±Eվʹ−ڲ,Ӯv � vڲ−ʹ,ڲ(�± ) � әʹ−ڱڲ (�± )ɩǘǘ˥˒ ʂ˺ʾ ɱǘǘǃ˒ Ɔ˒|TǃF|vڲ−ʹ,ڲ(�± ) � Ʒ|F|ڳ�,ʹ(Ӯ)
Ɔɱǃ ǃ TǃF = ǃվʹ−ڲ,�±Eվʹ−ڲ,Ӯv = ǃ Eվʹ−ڲ,Ӯv = ǃվʹ−ڲ,Ӯv = ǃv = F Ȫɱ Ӯܿ

%̰ vʂǃȇǘݱ�ݱǃ˺ƆɑȪ˥ ܪ̰ ̣ǘ ȇǘ˥ Ɔ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ʾǘ˒˺ɑ˥ Ȅʂʾ ˥Țǘ ձݱʂʳǘʾƆ˥ʂ ܿʾ

�ǘɩɩƆ ڳܿڴ ñǘȇ˺ɑƆʾݦ ʳʂ˥ǘɱ˥ȪƆɑ Ȅʂʾ ձ ̣Ȫ˥Țʂ˺˥ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱܿݧ �ǘ˥ Ӯ � �± ƭǘ Ɔ
ƭʂ˺ɱǃǘǃ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱܿ ĊȚǘɱ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ɑȪɱǘƆʾ ʂʳǘʾƆ˥ʂ ʾܪ

Tձ : әʹڱ(Ӯ) �Hʹ
6(Ӯ)⊥ � vڲ+ʹ,ڲ��±� � ڱڲ+ʹ6 ��±�,
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ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ࡧ ںڹ

˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ F � әʹڱ(Ӯ) �Hʹ
6(Ӯ)⊥

ձ TձF = F Ȫɱ Ӯ.
F˒ʳǘƷȪƆɑɑ ܪ̰

әʹڱ(Ӯ) �Hʹ
6(Ӯ)⊥ = ձvڲ+ʹ,ڲ(Ӯ) = ձ�vڲ+ʹ,ڲ(Ӯ) � ڱڲ+ʹ6 (Ӯ)�

Ɔɱǃ ˥Țǘ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ ǃǘʳǘɱǃ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ɑ̰ ʂɱ ˥Țǘ ǃƆ˥Ɔܿ �ɱ ʳƆʾ˥ȪƷ˺ɑƆ ʾܪ ˥Țǘ˒ǘ Ɔʾǘ
Ʒɑʂ˒ǘǃ ˒˺ƭ˒ʳƆƷǘ˒ ʂȄ (Ӯ)ʹ,ڳ� Ɔɱǃ Tձ Ȫ˒ Ɔ ʾȪȇȚ˥ Ȫɱ̝ǘʾ˒ǘ ˥ʂ ձܿ %̰ Ɔ ˒Ȫɩʳɑǘ Ʒ˺ ʂ͍ݱ˥ ˥ǘƷȚɱȪʹ˺ǘ
Tձ ɩƆ̰ ƭǘ ɩʂǃȪ͘ǘǃ ˥ʂ

Tձ : әʹڱ(Ӯ) �Hʹ
6(Ӯ)⊥ � vڲ+ʹ,ڲ��±�

˒˺ƷȚ ˥ȚƆ˥ TձF ȚƆ˒ Ɔ ̭͘ǘǃ ƷʂɩʳƆƷ˥ ˒˺ʳʳʂʾ˥ Ȫɱ �± Ȅʂʾ Ɔɑɑ F � әʹڱ(Ӯ) �Hʹ
6(Ӯ)⊥ܿ

ۇܿۈ ñǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒ ̣Ȫ˥Ț ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ Ȅʂʾ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ
±ʂ̣ ̣ǘ ˒˥Ɔʾ˥ Ʒʂɱ˒˥ʾ˺Ʒ˥Ȫɱȇ vڲ,ʹ(ӣ)ݱʳʂ˥ǘɱ˥ȪƆɑ˒ ʂɱ ӣ ̣Ȫ˥Ț ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܿ �ǘ˥ ˺˒
ʾǘƷƆɑɑ ʂ˺ʾ ˒ʳǘƷȪƆɑ ˒ǘ˥˥Ȫɱȇ ʂɱ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ

ӣ = %− Ɔɱǃ հջ = �, հջ = ڱ% ʂʾ հջ = .+,ڱ%
g˺ʾ˥Țǘʾɩʂʾǘ ƷȄܿݦ gȪȇ˺ʾǘ ܪݧڳܿڴ ̣ǘ ṷ̈́˥ǘɱǃ ӣ ʂ̝ǘʾ հջ ƭ̰�ӣ = Ȫɱ˥(ӣ � �ӣ), �ӣ := �{̭ � % : ̭± > {ڱ = %+, ȪȄ հջ = ̭},ڱ% � % : ̭± , ڲ̭ > {ڱ = {̭ � %+ : ڲ̭ > {ڱ =: %+,+, ȪȄ հջ = .+,ڱ%
�ǘɩɩƆ ڴܿڴ ñǘȇ˺ɑƆʾݦ ʳʂ˥ǘɱ˥ȪƆɑ Ȅʂʾ ǃ ̣Ȫ˥Ț ʳƆʾ˥ȪƆɑ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ ʂɱ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘܿݧ
ĊȚǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ɑȪɱǘƆʾ ʂʳǘʾƆ˥ʂʾ

Sǃ : �6ʹհջ �(ӣ)ڱ, vڲ−ʹ,ڲ��±� � �vڲ−ʹ,ڲհջ (ӣ),
˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ v � �6ʹհջ (ӣ)ڱ,

ǃSǃv = v Ȫɱ ӣ.
F˒ʳǘƷȪƆɑɑ ܪ̰ �6ʹհջ (ӣ)ڱ, = �6ʹհջ (ӣ)ڱ, = ǃ �vڲ−ʹ,ڲհջ (ӣ) = ǃ հջڲ−ʹ�6 (ӣ) = ǃ հջڲ−ʹ�6 (ӣ)
Ɔɱǃ ˥Țǘ ʾǘȇ˺ɑƆʾ �vڲ−ʹ,ڲհջ (ӣ)ݱʳʂ˥ǘɱ˥ȪƆɑ ǃǘʳǘɱǃ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ɑ̰ ʂɱ ˥Țǘ ǃƆ˥Ɔܿ �ɱ ʳƆʾ˥ȪƷ˺ɑƆ ʾܪ ˥Țǘ˒ǘ
˒ʳƆƷǘ˒ Ɔʾǘ Ʒɑʂ˒ǘǃ ˒˺ƭ˒ʳƆƷǘ˒ ʂȄ (ӣ)ʹ,ڳ� Ɔɱǃ Sǃ Ȫ˒ Ɔ ʾȪȇȚ˥ Ȫɱ̝ǘʾ˒ǘ ˥ʂ ǃܿ ŀȪ˥Țʂ˺˥ ɑʂ˒˒ ʂȄ
ȇǘɱǘʾƆɑȪ˥ ܪ̰ Sǃ ɩƆʳ˒ ˥ʂ Ȅʂʾɩ˒ ̣Ȫ˥Ț Ɔ ̭͘ǘǃ ƷʂɩʳƆƷ˥ ˒˺ʳʳʂʾ˥ Ȫɱ �± ܿ
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ڱں ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

gȪȇ˺ʾǘ ܩڳܿڴ ĊȚǘ ȚƆɑȄݱƷ˺ƭǘ ӣ = ܪ−% ṷ̈́˥ǘɱǃǘǃ ƭ̰ �ӣ ˥ʂ ˥Țǘ ʳʂɑ̰ȇʂɱƆɑ ǃʂɩƆȪɱ �ӣܪ Ɔɱǃ ˥Țǘ ʾǘƷ˥Ɔɱȇɑǘ˒
հջ = ڱ% Ɔɱǃ հջ = ܿ+,ڱ%
êʾʂʂȄܿ ĊȚǘ ƷƆ˒ǘ հջ = � Ȫ˒ ǃʂɱǘ Ȫɱ �ǘɩɩƆ ܿڲܿڴ vǘɱƷǘ ɑǘ˥ հջ = ڱ% ʂʾ հջ = ܿ+,ڱ% ý˺ʳʳʂ˒ǘ
v � �6ʹհջ (ӣ)ڱ, Ɔɱǃ ǃǘ͘ɱǘ �v � (�ӣ)ʹ,ڳ� Ɔ˒ ṷ̈́˥ǘɱ˒Ȫʂɱ ʂȄ v ƭ̰ ̀ǘʾʂ ˥ʂ �ӣ ƭ̰

�v := �v Ȫɱ ӣ,
ڱ Ȫɱ �ӣ. ݧڹݦ

%̰ ǃǘ͘ɱȪ˥Ȫʂɱ ʂȄ �6ʹհջ (ӣ)ڱ, ǃǘ͘ɱȪ˥Ȫʂɱݦ ʂȄ ˥Țụ̈́ǘƆɈ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱܪݧ Ȫ˥ Ȅʂɑɑʂ̣˒ ǃ �v = ڱ
Ȫɱ �ӣܪ Ȫܿ ǘܿܪ �v � ܿ(�ӣ)ڱʹ6 %ǘƷƆ˺˒ǘ �ӣ Ȫ˒ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ Ɔɱǃ ˥ʂʳʂɑʂȇȪƷƆɑɑ̰ ˥ʾȪ̝ȪƆɑܪ ǘ˒ʳǘƷȪƆɑɑ̰
H

ʹ
± (�ӣ) = ܪ{ڱ} �ǘɩɩƆ ڲܿڴ ̰Ȫǘɑǃ˒ Ɔ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ F = Tǃ�v � vڲ−ʹ,ڲ(�± ) � ڱڲ−ʹ6 (�± )

̣Ȫ˥Ț ǃF = �v Ȫɱ �ӣ Ɔɱǃ |F|vڲ−ʹ,ڲ(�± ) � Ʒ|�v|ڳ�,ʹ(�ӣ) � Ʒ|v|ڳ�,ʹ(ӣ).
�ɱ ʳƆʾ˥ȪƷ˺ɑƆ ʾܪ F � vڲ−ʹ,ڲ(�ӣ) Ɔɱǃ ǃF = ڱ Ȫɱ �ӣܪ Ȫܿ ǘܿܪ F � vڲ−ʹ,ڲ(�ӣ) � ڱڲ−ʹ6 (�ӣ)ܿ ę˒Ȫɱȇ
�ǘɩɩƆ ڲܿڴ ƆȇƆȪɱܪ ˥ȚȪ˒ ˥Ȫɩǘ Ȫɱ �ӣܪ ̣ǘ ʂƭ˥ƆȪɱ g = TǃF � vڳ−ʹ,ڲ(�± ) � vڳ−ʹ,ڲ(�ӣ) ̣Ȫ˥Ț
ǃ g = F Ȫɱ �ӣ Ɔɱǃ |g|vڳ−ʹ,ڲ(�± ) � Ʒ|F|ڳ�,ʹ(�ӣ).
ýȪɱƷǘ F � vڲ−ʹ,ڲ(�ӣ)ܪ ̣ǘ ȚƆ̝ǘ g � ܿ(�ӣ)ڳ−ʹ,ڲ6 �ǘ˥ E : (�ӣ)ڳ−ʹ,ڲ6 � ±�)ڳ−ʹ,ڲ6 ) ƭǘ ˥Țǘ ý˥ǘȪɱ
ṷ̈́˥ǘɱ˒Ȫʂɱ ʂʳǘʾƆ˥ʂʾ Ȅʾʂɩ �ǘɩɩƆ ܿڶڲܿڳ ĊȚǘɱ

Sǃ : �6ʹհջ (ӣ)ڱ, �� vڲ−ʹ,ڲ(�± )
v ��� F � ǃ(Eg)

Ȫ˒ ɑȪɱǘƆʾ Ɔɱǃ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ Ɔ˒|Sǃv|vڲ−ʹ,ڲ(�± ) � |F|vڲ−ʹ,ڲ(�± ) + |Eg|6ڳ−ʹ,ڲ(�± )� |F|vڲ−ʹ,ڲ(�± ) + |g|6ڳ−ʹ,ڲ(�ӣ) � |F|vڲ−ʹ,ڲ(�± ) � Ʒ|v|ڳ�,ʹ(ӣ).
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ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ࡧ ڲں

ýȪɱƷǘ Sǃv = ڱ Ȫɱ �ӣܪ ̣ǘ ȚƆ̝ǘ Sǃv|հջ = ܪڱ ̣ȚȪƷȚ ɩǘƆɱ˒ Sǃv � �vڲ−ʹ,ڲ�հջ (ӣ)ܿ ĊȚǘʾǘȄʂʾǘܪ ƭ̰
�ǘɩɩƆ ڵڲܿڳ ̣ǘ ˒ǘǘ Sǃv � �vڲ−ʹ,ڲհջ (ӣ) � հջڲ−ʹ�6 (ӣ) � հջڲ−ʹ�6 (ӣ)ܿ ¬ʂʾǘʂ̝ǘ ʾܪ ǃ(Sǃv) = ǃF = �v
Ȫɱ �ӣܪ ǘ˒ʳǘƷȪƆɑɑ̰ ǃ(Sǃv) = v Ȫɱ ӣܿ gȪɱƆɑɑ ܪ̰ ̣ǘ ɱʂ˥ǘ

ǃ �vڲ−ʹ,ڲհջ (ӣ) � ǃ հջڲ−ʹ�6 (ӣ) � �6ʹհջ ,(ӣ)ڱ, ǃ հջڲ−ʹ�6 (ӣ) � �6ʹհջ (ӣ)ڱ, � ǃ �vڲ−ʹ,ڲհջ (ӣ),
Ʒʂɩʳɑǘ˥Ȫɱȇ ˥Țǘ ʳʾʂʂȄܿ

�ȇƆȪɱ ƭ̰ vʂǃȇǘݱ�ݱǃ˺ƆɑȪ˥ ܪ̰ ̣ǘ ʂƭ˥ƆȪɱ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇܿ
�ǘɩɩƆ ڵܿڴ ñǘȇ˺ɑƆʾݦ ʳʂ˥ǘɱ˥ȪƆɑ Ȅʂʾ ձ ̣Ȫ˥Ț ʳƆʾ˥ȪƆɑ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ ʂɱ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘܿݧ
ĊȚǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ɑȪɱǘƆʾ ʂʳǘʾƆ˥ʂʾ

Sձ : �әʹհջ �(ӣ)ڱ, vڲ+ʹ,ڲ��±� � �vڲ+ʹ,ڲհջ (ӣ),
˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ v � �әʹհջ (ӣ)ڱ,

ձSձv = v Ȫɱ ӣ.
F˒ʳǘƷȪƆɑɑ̰ �әʹհջ (ӣ)ڱ, = �әʹհջ (ӣ)ڱ, = ձ �vڲ+ʹ,ڲհջ (ӣ) = ձ �әʹ+ڲհջ (ӣ) = ձ �әʹ+ڲհջ (ӣ)
Ɔɱǃ ˥Țǘ ʾǘȇ˺ɑƆʾ �vڲ+ʹ,ڲհջ (ӣ)ݱʳʂ˥ǘɱ˥ȪƆɑ ǃǘʳǘɱǃ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ɑ̰ ʂɱ ˥Țǘ ǃƆ˥Ɔܿ �ɱ ʳƆʾ˥ȪƷ˺ɑƆ ʾܪ ˥Țǘ˒ǘ
˒ʳƆƷǘ˒ Ɔʾǘ Ʒɑʂ˒ǘǃ ˒˺ƭ˒ʳƆƷǘ˒ ʂȄ (ӣ)ʹ,ڳ� Ɔɱǃ Sձ Ȫ˒ Ɔ ʾȪȇȚ˥ Ȫɱ̝ǘʾ˒ǘ ˥ʂ ձܿ ŀȪ˥Țʂ˺˥ ɑʂ˒˒ ʂȄ
ȇǘɱǘʾƆɑȪ˥ ܪ̰ Sձ ɩƆʳ˒ ˥ʂ Ȅʂʾɩ˒ ̣Ȫ˥Ț Ɔ ̭͘ǘǃ ƷʂɩʳƆƷ˥ ˒˺ʳʳʂʾ˥ Ȫɱ �± ܿ
ۈܿۈ ŀǘƆɈ Ɔɱǃ ˒˥ʾʂɱȇ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ƷʂȪɱƷȪǃǘ Ȅʂʾ

˥Țǘ ȚƆɑȄݱƷ˺ƭǘ
±ʂ̣ ˥Țǘ ˥̣ʂ ɩƆȪɱ ǃǘɱ˒Ȫ˥̰ ʾǘ˒˺ɑ˥˒ ȪɩɩǘǃȪƆ˥ǘɑ̰ Ȅʂɑɑʂ ̣ܿ ŀǘ ɱʂ˥ǘ ˥ȚƆ˥ ˥ȚȪ˒ ȚƆ˒ ƆɑʾǘƆǃ̰
ƭǘǘɱ ʳʾʂ̝ǘǃ Ȅʂʾ ˥Țǘ vڲ,ʹ(Ӯ)ݱ˒ʳƆƷǘ˒ Ȫɱ �ǘɩɩƆ ܪڵڲܿڳ Ȫܿ ǘܿܪ �vڲ,ʹӘւ (Ӯ) = �vڲ,ʹӘւ (Ӯ)ܿ
�ǘɩɩƆ ڶܿڴ ŀǘƆɈݦ Ɔɱǃ ˒˥ʾʂɱȇ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ƷʂȪɱƷȪǃǘ Ȅʂʾ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ�6ܿݧʹհջ (ӣ) = �6ʹհջ (ӣ) Ɔɱǃ �әʹհջ (ӣ) = �әʹհջ (ӣ).
êʾʂʂȄܿ ý˺ʳʳʂ˒ǘ F � �6ʹհջ (ӣ)ܪ Ɔɱǃ ˥ȚǘʾǘȄʂʾǘ ǃF � հջڲ+ʹ�6 ܿ(ӣ)ڱ, %̰ �ǘɩɩƆ ܪڴܿڴ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒
v = Sǃ ǃF � �vڲ,ʹհջ (ӣ) ̣Ȫ˥Ț ǃv = ǃFܿ %̰ �ǘɩɩƆ ܪڴܿڴ ̣ǘ ȇǘ˥ F � v � �6ʹհջ (ӣ)ڱ, = �6ʹհջ ܪ(ӣ)ڱ,
Ɔɱǃ ȚǘɱƷǘ F � �6ʹհջ (ӣ)ܿ
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ڳں ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

ۉ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ
ۆܿۉ ĊȚǘ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ Ȅʂʾ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ
gȪʾ˒˥ܪ ̣ǘ ˒Țʂ̣ ˥Țǘ ɩƆȪɱ ʾǘ˒˺ɑ˥ ʂɱ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘ ӣ = %− ̣Ȫ˥Ț ˥Țǘ ˒ʳǘƷȪƆɑ ƭʂ˺ɱǃƆʾ̰
ʳƆ˥ƷȚǘ˒

հջ = �, հջ = ڱ% ʂʾ հջ = +,ڱ%
Ȅʾʂɩ ˥Țǘ ɑƆ˥˥ǘʾ ˒ǘƷ˥Ȫʂɱܿ Ċʂ ˥ȚȪ˒ ǘɱǃܪ ɑǘ˥ ղ ƭǘ Ɔɱ ƆǃɩȪ˒˒Ȫƭɑǘ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ ʂɱ (ӣ)ʹ,ڳ�
Ɔɱǃ ɑǘ˥ ˺˒ Ʒʂɱ˒Ȫǃǘʾ ˥Țǘ ǃǘɱ˒ǘɑ̰ ǃǘ͘ɱǘǃ Ɔɱǃ Ʒɑʂ˒ǘǃ ݧɱƭʂ˺ɱǃǘǃ˺ݦ ɑȪɱǘƆʾ ʂʳǘʾƆ˥ʂʾ

ǃʹ−ڲւ : հւڲ−ʹ�6 (ӣ) � �(ӣ)ڲ−ʹ,ڳ� ղʹ,ڳ� (ӣ) ; F �� ǃF

˥ʂȇǘ˥Țǘʾ ̣Ȫ˥Ț Ȫ˥˒ ˥vȪɑƭǘʾݦ ˒ʳƆƷǘݧ ƆǃɀʂȪɱ˥� ձʹջ ղ := �ǃʹ−ڲւ �∗ : ղ−ڲ �әʹհջ (ӣ) � ղʹ,ڳ� (ӣ)� (ӣ)ڲ−ʹ,ڳ� ; v �� � ձ ղv .
±ʂ˥ǘ ˥ȚƆ˥ ƭ̰ �ǘɩɩƆ ڶܿڴ ̣ǘ ȚƆ̝ǘ �әʹհջ (ӣ) = �әʹհջ (ӣ)ܿ vǘʾǘܪ ղʹ,ڳ� (ӣ) ǃǘɱʂ˥ǘ˒ (ӣ)ʹ,ڳ� ǘʹ˺Ȫʳʳǘǃ
̣Ȫ˥Ț ˥Țǘ Ȫɱɱǘʾ ʳʾʂǃ˺Ʒ˥ � � , � ղʹ,ڳ�� (ӣ) := �ղ � , � ܿ(ӣ)ʹ,ڳ�� �ǘ˥ �ղ ǃǘɱʂ˥ǘ ˥Țǘ ʂʾ˥ȚʂȇʂɱƆɑ ˒˺ɩ
̣Ȫ˥Ț ʾǘ˒ʳǘƷ˥ ˥ʂ ˥Țǘ ղʹ,ڳ� ƷƆɑƆʾ˒ݱ ʳʾʂǃ˺Ʒ˥ܿ ĊȚǘ ʳʾʂɀǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ̰Ȫǘɑǃ˒ ȪɩɩǘǃȪƆ˥ǘɑ̰ܿ

�ǘɩɩƆ ڲܿڵ ñǘȇ˺ɑƆʾݦ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ Ȅʂʾ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘܿݧ ĊȚǘ vǘɑɩȚʂɑ˥̀ ǃǘݱ
Ʒʂɩʳʂ˒Ȫ˥Ȫʂɱ˒

ղʹ,ڳ� (ӣ) = �6ʹհւ (ӣ)ڱ, �ղ ղ−ڲ �әʹհջ ,(ӣ)ڱ, �6ʹհւ (ӣ)ڱ, = ǃ �vڲ−ʹ,ڲհւ (ӣ), �әʹհջ (ӣ)ڱ, = ձ �vڲ+ʹ,ڲհջ (ӣ)
Țʂɑǃܿ ¬ʂʾǘʂ̝ǘ ʾܪ ˥Țǘ ʾǘ͘ɱǘǃ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒�6ʹհւ (ӣ) = ǃ �vڲ−ʹ,ڲհւ (ӣ) �ղ � �6ʹհւ (ӣ) � ղ−ڲ ձ �vڲ+ʹ,ڲհջ (ӣ)�,

ղ−ڲ �әʹհջ (ӣ) = �ǃ �vڲ−ʹ,ڲհւ (ӣ) � ղ−ڲ �әʹհջ (ӣ)� �ղ ղ−ڲ ձ �vڲ+ʹ,ڲհջ (ӣ),�6ʹհւ (ӣ) � ղ−ڲ �әʹհջ (ӣ) = �ǃ �vڲ−ʹ,ڲհւ (ӣ) � ղ−ڲ �әʹհջ (ӣ)� �ղ � �6ʹհւ (ӣ) � ղ−ڲ ձ �vڲ+ʹ,ڲհջ (ӣ)�
Ɔʾǘ ̝ƆɑȪǃܪ Ɔɱǃ ˥Țǘ ʾǘ˒ʳǘƷ˥Ȫ̝ǘ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒ܪ ȇȪ̝ǘɱ ƭ̰ ˥Țǘ ʂʳǘʾƆ˥ʂʾ˒ Sǃ Ɔɱǃ Sձ Ȅʾʂɩ
�ǘɩɩƆ ڴܿڴ Ɔɱǃ �ǘɩɩƆ ܪڵܿڴ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ ǃǘʳǘɱǃ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ɑ̰ ʂɱ ˥Țǘ ǃƆ˥Ɔܿ

êʾʂʂȄܿ ĊȚǘ ʳʾʂɀǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ̰Ȫǘɑǃ˒ ղʹ,ڳ� (ӣ) = ǃ հւڲ−ʹ�6 (ӣ) �ղ ղ−ڲ �әʹհջ ܿ(ӣ)ڱ, g˺ʾ˥Țǘʾɩʂʾǘܪ

ǃ հւڲ−ʹ�6 (ӣ) = ǃ հւڲ−ʹ�6 (ӣ) = ǃ �vڲ−ʹ,ڲհւ (ӣ) = �6ʹհւ (ӣ)ڱ,
ƭ̰ �ǘɩɩƆ ڴܿڴ Ɔɱǃ �әʹհջ (ӣ)ڱ, = �әʹհջ (ӣ)ڱ, = ձ �vڲ+ʹ,ڲհջ (ӣ)
ƭ̰ �ǘɩɩƆ ܿڵܿڴ ĊȚǘ ʂ˥Țǘʾ Ɔ˒˒ǘʾ˥Ȫʂɱ˒ Ȅʂɑɑʂ̣ ȪɩɩǘǃȪƆ˥ǘɑ̰ܿ
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ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ࡧ ڴں

�ǘɩɩƆ ڳܿڵ ˒ކŀǘƷɈݦ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ Ȅʂʾ ˥Țǘ ȚƆɑȄݱƷ˺ƭǘܿݧ ĊȚǘ ǘɩƭǘǃǃȪɱȇ�6ʹհւ (ӣ) � ղ−ڲ �әʹհջ (ӣ) �� ղʹ,ڳ� (ӣ)
Ȫ˒ ƷʂɩʳƆƷ˥ܿ

êʾʂʂȄܿ �ǘ˥ (vɱ)ɱ∈� ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ˒ǘʹ˺ǘɱƷǘ Ȫɱ �6ʹհւ (ӣ)�ղ−ڲ �әʹհջ (ӣ)ܿ %̰ �ǘɩɩƆ ܪڲܿڵ ̣ǘ ƷƆɱ
ǃǘƷʂɩʳʂ˒ǘ

vɱ = vǃ
ɱ + vձ

ɱ = ǃFǃɱ + ղ−ڲ ձFձɱ � �ǃ �vڲ−ʹ,ڲհւ (ӣ) � ղ−ڲ �әʹհջ (ӣ)� �ղ � �6ʹհւ (ӣ) � ղ−ڲ ձ �vڲ+ʹ,ڲհջ (ӣ)�,
̣Ȫ˥Ț Fǃɱ = Sǃvǃ

ɱ Ɔɱǃ Fձɱ = Sձvձ
ɱ ܿ ĊȚǘɱ ǃvձ

ɱ = ǃvɱ Ɔɱǃ ձ ղvǃ
ɱ = ձ ղvɱ Ɔ˒ ̣ǘɑɑ Ɔ˒|Fǃɱ |vڲ−ʹ,ڲ(ӣ) � Ʒ |vǃ

ɱ (ӣ)ʹ,ڳ�| � Ʒ |vɱ|ڳ�,ʹղ (ӣ),|Fձɱ|vڲ+ʹ,ڲ(ӣ) � Ʒ |vձ
ɱ (ӣ)ʹ,ڳ�| � Ʒ |vɱ|ڳ�,ʹղ (ӣ).

%̰ ñǘɑɑȪƷȚކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ Ɔɱǃ ̣Ȫ˥Țʂ˺˥ ɑʂ˒˒ ʂȄ ȇǘɱǘʾƆɑȪ˥ ܪ̰ (Fǃɱ ) Ɔɱǃ (Fձɱ) Ʒʂɱ̝ǘʾȇǘ
Ȫɱ (ӣ)ڲ−ʹ,ڳ� Ɔɱǃ ܪ(ӣ)ڲ+ʹ,ڳ� ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ܿ ¬ʂʾǘʂ̝ǘ ʾܪ|vǃ

ɱ � vǃ
ɩ|ڳ�ڳ,ʹղ (ӣ) = �vǃ

ɱ � vǃ
ɩ,ǃ�Fǃɱ � Fǃɩڳ���,ʹղ (ӣ)= ��ձ ղ�vǃ
ɱ � vǃ

ɩ�,Fǃɱ � Fǃɩڲ−ʹ,ڳ��(ӣ) � Ʒ |Fǃɱ � Fǃɩ|ڲ−ʹ,ڳ�(ӣ),|vձ
ɱ � vձ

ɩ|ڳ�ڳ,ʹղ (ӣ) = �vձ
ɱ � vձ

ɩ, ղ−ڲ ձ�Fձɱ � Fձɩڳ���,ʹղ (ӣ)= ��ǃ�vձ
ɱ � vձ

ɩ�,Fձɱ � Fձɩڲ+ʹ,ڳ��(ӣ) � Ʒ |Fձɱ � Fձɩ|ڲ+ʹ,ڳ�(ӣ).
ĊȚ˺˒ (vǃ

ɱ ) Ɔɱǃ (vձ
ɱ) Ʒʂɱ̝ǘʾȇǘ Ȫɱ ղʹ,ڳ� (ӣ) Ɔɱǃ Ɔɑ˥ʂȇǘ˥Țǘʾ (vɱ) Ʒʂɱ̝ǘʾȇǘ˒ Ȫɱ ղʹ,ڳ� (ӣ) Ɔ˒ ̣ǘɑɑܿ

ñǘɩƆʾɈ ܿڴܿڵ ĊȚǘ ˺˒ǘ ʂȄ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ Ɔɱǃ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒ Ȫɱ ˥Țǘ ʳʾʂʂȄ
ʂȄ �ǘɩɩƆ ڳܿڵ ǃǘɩʂɱ˒˥ʾƆ˥ǘ˒ ˥Țǘ ɩƆȪɱ ȪǃǘƆ ƭǘȚȪɱǃ Ɔɱ ǘɑǘȇƆɱ˥ ʳʾʂʂȄ ʂȄ Ɔ ƷʂɩʳƆƷ˥ ǘɩݱ
ƭǘǃǃȪɱȇܿ ĊȚȪ˒ ȇǘɱǘʾƆɑ ȪǃǘƆ ƷƆʾʾȪǘ˒ ʂ̝ǘʾ ˥ʂ ʳʾʂʂȄ˒ ʂȄ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ˒ ʾǘɑƆ˥ǘǃ ˥ʂ
ʂ˥Țǘʾ ɈȪɱǃ˒ ʂȄ vȪɑƭǘʾ˥ Ʒʂɩʳɑṷ̈́ǘ˒ Ɔ˒ ̣ǘɑɑܪ ƆʾȪ˒Ȫɱȇܪ ǘܿ ȇܿܪ Ȫɱ ǘɑƆ˒˥ȪƷȪ˥ ܪ̰ ȇǘɱǘʾƆɑ ʾǘɑƆ˥Ȫ̝Ȫ˥̰
ʂʾ ƭȪȚƆʾɩʂɱȪƷ ʳʾʂƭɑǘɩ˒݈ ˒ǘǘܪ Ȅʂʾ ṷ̈́Ɔɩʳɑǘܪ ܿݛڳڳݚ

ۇܿۉ ĊȚǘ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ Ȅʂʾ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒
ĊȚǘ ƆȪɩ ʂȄ ˥ȚȪ˒ ˒ǘƷ˥Ȫʂɱ Ȫ˒ ˥ʂ ˥ʾƆɱ˒Ȅǘʾ �ǘɩɩƆ ڳܿڵ ˥ʂ ƆʾƭȪ˥ʾƆʾ̰ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ˒(Ӯ, Әւ)ܿ Ċʂ ˥ȚȪ˒ ǘɱǃܪ ̣ǘ ̣Ȫɑɑ ǘɩʳɑʂ̰ Ɔ ˥ǘƷȚɱȪƷƆɑ ɑǘɩɩƆܪ ̣Țʂ˒ǘ ʳʾʂʂȄ Ȫ˒ ˒Ɉǘ˥ƷȚǘǃ Ȫɱ ܪڵڳݚ
ýǘƷ˥Ȫʂɱ ݛڴ Ɔɱǃ ܪڲڴݚ ñǘɩƆʾɈ ܿݛڳ ŀǘ ȇȪ̝ǘ Ɔ ǃǘ˥ƆȪɑǘǃ ʳʾʂʂȄ Ȫɱ ˥Țǘ �ʳʳǘɱǃȪ̭ܿ �ǘ˥ ˺˒ Ʒʂɱݱ
˒Ȫǃǘʾ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ˒Ȫ˥˺Ɔ˥Ȫʂɱܩ �ǘ˥ ӝܪ�ӝƭǘ ˥̣ʂƭʂ˺ɱǃǘǃǃʂɩƆȪɱ˒ Ȫɱ�± ̣Ȫ˥Ț ƭʂ˺ɱǃƆʾȪǘ˒
ԃ := �ӝܪ �ԃ := ��ӝ Ɔɱǃ ɑǘ˥ ԃڱ � ԃ ƭǘ ʾǘɑƆ˥Ȫ̝ǘɑ̰ ʂʳǘɱܿ ¬ʂʾǘʂ̝ǘ ʾܪ ɑǘ˥

֢ : ӝ� �ӝ, և := ڲ−֢ : �ӝ� ӝ
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ڵں ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

ƭǘ �Ȫʳ˒ƷȚȪ˥̀ ǃȪ͍ǘʂɩʂʾʳȚȪ˒ɩ˒ܪ ˥ȚȪ˒ Ȫ˒ܪ ֢ � (ӝ,�ӝ)ڲ,ڱ, Ɔɱǃ և = ڲ−֢ � ܿ(�ӝ,ӝ)ڲ,ڱ, ĊȚǘɱ�ӝ = ֢(ӝ)ܪ �ԃ = ֢(ԃ) Ɔɱǃ ̣ǘ ǃǘ͘ɱǘ �ԃڱ := ֢(ԃڱ)ܿ
�ǘɩɩƆ ڵܿڵ ƭƆƷɈݱê˺ɑɑݦ ɑǘɩɩƆ Ȅʂʾ �Ȫʳ˒ƷȚȪ˥̀ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ˒ܿݧ �ǘ˥ F � �6ʹԃڱ (ӝ)ܪ ʾǘ˒ʳǘƷݱ
˥Ȫ̝ǘɑ ܪ̰ F � �6ʹԃڱ (ӝ) Ɔɱǃ v � ղ−ڲ �әʹԃڱ (ӝ)ܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ v � ղ−ڲ �әʹԃڱ (ӝ) Ȅʂʾ Ɔɱ ƆǃɩȪ˒˒Ȫƭɑǘ
˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ ղ ʂɱ ܿ(ӝ)ʹ,ڳ� ĊȚǘɱ
և∗F � �6ʹ�ԃڱ (�ӝ), ʾǘ˒ʳܿܪ �6ʹ�ԃڱ (�ӝ) Ɔɱǃ ǃև∗F = և∗ ǃF,
և∗v � պ−ڲ �әʹ�ԃڱ (�ӝ), ʾǘ˒ʳܿܪ պ−ڲ �әʹ�ԃڱ (�ӝ) Ɔɱǃ ձ պև∗v = ± � ǃև∗ � ղv = ± � և∗ � ձ ղv ,
̣Țǘʾǘ պ := ڲ−±ʹ(ڲ�) � և∗ � ղ֢∗ Ȫ˒ Ɔɱ ƆǃɩȪ˒˒Ȫƭɑǘ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱܿ ¬ʂʾǘʂ̝ǘ ʾܪ ˥Țǘʾǘ ṷ̈́Ȫ˒˥˒
Ʒ > ܪڱ Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ F Ɔɱǃ vܪ ˒˺ƷȚ ˥ȚƆ˥|և∗F|6ʹ(�ӝ) � Ʒ|F|6ʹ(ӝ), |և∗v|պ−ڲәʹ(�ӝ) � Ʒ|v|ղ−ڲәʹ(ӝ).

�ǘ˥ (Ӯ, Әւ) ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ Ɔ˒ Ȫɱ˥ʾʂǃ˺Ʒǘǃ Ȫɱ 6ǘ͘ɱȪ˥Ȫʂɱ˒ ڴܿڳ
Ɔɱǃ ܿڶܿڳ ŀǘ Ɔǃɀ˺˒˥ �ǘɩɩƆ ڵܿڵ ˥ʂ ʂ˺ʾ ˒Ȫ˥˺Ɔ˥Ȫʂɱܩ �ǘ˥ ęڲ, . . . ,ę� ƭǘ Ɔɱ ʂʳǘɱ Ʒʂ̝ǘʾȪɱȇ
ʂȄ Ә ƆƷƷʂʾǃȪɱȇ ˥ʂ 6ǘ͘ɱȪ˥Ȫʂɱ˒ ڴܿڳ Ɔɱǃ ڶܿڳ Ɔɱǃ ˒ǘ˥ ęڱ := Ӯܿ ĊȚǘʾǘȄʂʾǘܪ ęڱ, . . . ,ę� Ȫ˒ Ɔɱ
ʂʳǘɱ Ʒʂ̝ǘʾȪɱȇ ʂȄ Ӯܿ ¬ʂʾǘʂ̝ǘ ʾܪ ɑǘ˥ ֆɈ � �,∞(ęɈ)ܪ Ɉ � ,ڱ} . . . ܪ{�, ƭǘ Ɔ ʳƆʾ˥Ȫ˥Ȫʂɱ ʂȄ ˺ɱȪ˥̰
˒˺ƭʂʾǃȪɱƆ˥ǘ ˥ʂ ˥Țǘ ʂʳǘɱ Ʒʂ̝ǘʾȪɱȇ ęڱ, . . . ,ę� ܿ ±ʂ̣ ˒˺ʳʳʂ˒ǘ Ɉ � ,ڲ} . . . ,�}ܿ ŀǘ ǃǘ͘ɱǘ

ӮɈ := ęɈ � Ӯ, ӘɈ := ęɈ � Ә, Әւ,Ɉ := ęɈ � Әւ, Әջ,Ɉ := ęɈ � Әջ ,�ӘɈ := �ӮɈ , ӧɈ := �ӘɈ \ Ә, �Әւ,Ɉ := Ȫɱ˥(Әւ,Ɉ � ӧɈ), �Әջ,Ɉ := Ȫɱ˥(Әջ,Ɉ � ӧɈ),
ց := հ \ ,ڱ% �հւ := Ȫɱ˥(հւ � ց), �հջ := Ȫɱ˥(հջ � ց).

�ǘɩɩƆ ڵܿڵ ̣Ȫɑɑ Ȅʾʂɩ ɱʂ̣ ʂɱ ƭǘ ˺˒ǘǃ ̣Ȫ˥Ț

ӝ := ӮɈ , �ӝ := ӣ, ֢ := ֢Ɉ : ӮɈ � ӣ, և := ևɈ : ӣ� ӮɈ

Ɔɱǃ ̣Ȫ˥Ț ʂɱǘ ʂȄ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇ ƷƆ˒ǘ˒ܩ

ԃڱ := Әւ,Ɉ , ԃڱ := �Әւ,Ɉ , ԃڱ := Әջ,Ɉ , ԃڱ := �Әջ,Ɉ .
ĊȚǘɱ ԃ = �ӘɈ Ɔɱǃ �ԃ = ֢Ɉ(�ӘɈ) = հ Ɔ˒ ̣ǘɑɑ Ɔ˒ ǃǘʳǘɱǃȪɱȇݦ ʂɱ ˥Țǘ ʾǘ˒ʳǘƷ˥Ȫ̝ǘ ƷƆ˒ǘݧ�ԃڱ = ֢Ɉ(Әւ,Ɉ) = հւ, �ԃڱ = ֢Ɉ(�Әւ,Ɉ) = �հւ, հւ � ,{−,ڱ%,ڱ%,�} հջ = հ \ հւ,�ԃڱ = ֢Ɉ(Әջ,Ɉ) = հջ , �ԃڱ = ֢Ɉ(�Әջ,Ɉ) = �հջ , հջ � ,{+,ڱ%,ڱ%,�} հւ = հ \ հջ .
ñǘɩƆʾɈ ܿڶܿڵ �ǘɩɩƆ˒ ܪڴܿڴ ܪڵܿڴ ܪڶܿڴ ܪڲܿڵ ڳܿڵ Țʂɑǃ Ȅʂʾ հջ = −,ڱ% ̣Ȫ˥Țʂ˺˥ Ɔɱ̰ ݧƭ˒˥Ɔɱ˥ȪƆɑ˺˒ݦ
ɩʂǃȪ͘ƷƆ˥Ȫʂɱ Ɔ˒ ̣ǘɑɑܿ

�˥ Ȫ˒ ˒˥ʾƆȪȇȚ˥Ȅʂʾ̣Ɔʾǃ ˥ʂ ˒Țʂ̣ ˥Țǘ Ȅʂɑɑʂ̣Ȫɱȇܿ

Brought to you by | Columbia University Libraries
Authenticated

Download Date | 8/31/19 4:03 PM



ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ࡧ ڶں

�ǘɩɩƆ ڷܿڵ ܿݧ�ʂƷƆɑȪ˒Ɔ˥Ȫʂɱݦ �ǘ˥ (Ӯ, Әւ) ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ Ɔɱǃ ɑǘ˥ Ɉ ƭǘ Ȫɱ{ڲ, . . . ,�}ܿ ĊȚǘɱ Ȅʂʾ F � �6ʹӘւ (Ӯ)ܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ F � �6ʹӘւ (Ӯ) Ɔɱǃ v � �әʹӘջ (Ӯ)ܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰
v � �әʹӘջ (Ӯ) Ȫ˥ Țʂɑǃ˒

F � �6ʹӘւ,Ɉ (ӮɈ), ֆɈF � �6ʹ�Әւ,Ɉ (ӮɈ), v � �әʹӘջ,Ɉ (ӮɈ), ֆɈv � �әʹ�Әջ,Ɉ (ӮɈ),
F � �6ʹӘւ,Ɉ (ӮɈ), ֆɈF � �6ʹ�Әւ,Ɉ (ӮɈ), v � �әʹӘջ,Ɉ (ӮɈ), ֆɈv � �әʹ�Әջ,Ɉ (ӮɈ).

ĊȚǘʂʾǘɩ ڸܿڵ ŀǘƆɈݦ Ɔɱǃ ˒˥ʾʂɱȇ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ ƷʂȪɱƷȪǃǘܿݧ �ǘ˥ ˥Țǘ ʳƆȪʾ (Ӯ, Әւ) ƭǘ
ƭʂ˺ɱǃǘǃ Ɔɱǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ܿ ĊȚǘɱ �6ʹӘւ (Ӯ) = �6ʹӘւ (Ӯ) Ɔɱǃ �әʹӘջ (Ӯ) = �әʹӘջ (Ӯ)ܿ
êʾʂʂȄܿ ý˺ʳʳʂ˒ǘ F � �6ʹӘւ (Ӯ)ܿ ĊȚǘɱ ̣ǘ ˒ǘǘ ֆڱF � �6ʹ(Ӯ) � �6ʹӘւ (Ӯ) ƭ̰ ɩʂɑɑȪ͘ƷƆ˥Ȫʂɱܿ �ǘ˥
Ɉ � ,ڲ} . . . ,�}ܿ ĊȚǘɱ ֆɈF � �6ʹ�Әւ,Ɉ (ӮɈ)ƭ̰�ǘɩɩƆܿڷܿڵ �ǘɩɩƆܪڵܿڵ �ǘɩɩƆڶܿڴ Ȫ˥Ț̣ݦ հջ := հւݧ
Ɔɱǃ ñǘɩƆʾɈ ڶܿڵ ̰Ȫǘɑǃ

և∗Ɉ (ֆɈF) � �6ʹ�հւ (ӣ) = �6ʹ�հւ (ӣ), �հւ = ֢Ɉ(�Әւ,Ɉ), հւ � .{−,ڱ%,ڱ%,�}
ĊȚǘɱ ֆɈF = ֆɈ֢∗Ɉև∗Ɉ F � �6ʹ�Әւ,Ɉ (ӮɈ) � �6ʹӘւ (Ӯ) Ȅʂɑɑʂ̣˒ ƭ̰ �ǘɩɩƆ ܿڵܿڵ ĊȚǘʾǘȄʂʾǘܪ ̣ǘ ʂƭ˥ƆȪɱ
F = �Ɉ ֆɈF � �6ʹӘւ (Ӯ)ܿ �әʹӘջ (Ӯ) = �әʹӘջ (Ӯ) Ȅʂɑɑʂ̣˒ ƆɱƆɑʂȇʂ˺˒ɑ̰ ʂʾ ƭ̰ vʂǃȇǘݱ�ݱǃ˺ƆɑȪ˥̰ܿ

±ʂ̣ ˥Țǘ ƷʂɩʳƆƷ˥ ǘɩƭǘǃǃȪɱȇ Ȅʂʾ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ˒ (Ӯ, Әւ) ƷƆɱ ƭǘ
ʳʾʂ̝ǘǃܿ

ĊȚǘʂʾǘɩ ڹܿڵ ˒ކŀǘƷɈݦ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܿݧ �ǘ˥ (Ӯ, Әւ) ƭǘ Ɔ ƭʂ˺ɱǃǘǃ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ
Ɔɱǃ ɑǘ˥ ղ ƭǘ Ɔɱ ƆǃɩȪ˒˒Ȫƭɑǘ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ ʂɱ ܿ(Ӯ)ʹ,ڳ� ĊȚǘɱ ˥Țǘ ǘɩƭǘǃǃȪɱȇ�6ʹӘւ (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ) �� ղʹ,ڳ� (Ӯ)
Ȫ˒ ƷʂɩʳƆƷ˥ܿ

êʾʂʂȄܿ ý˺ʳʳʂ˒ǘ (Fɱ) Ȫ˒ Ɔ ƭʂ˺ɱǃǘǃ ˒ǘʹ˺ǘɱƷǘ Ȫɱ �6ʹӘւ (Ӯ)�ղ−ڲ �әʹӘջ (Ӯ)ܿ ĊȚǘɱƭ̰ɩʂɑɑȪ͘ƷƆ˥Ȫʂɱ

Fڱ,ɱ := ֆڱFɱ � �6ʹ(Ӯ) � ղ−ڲ �әʹ(Ӯ)
Ɔɱǃ Fڱ,ɱ ǘ̝ǘɱ ȚƆ˒ ƷʂɩʳƆƷ˥ ˒˺ʳʳʂʾ˥ Ȫɱ Ӯܿ %̰ ƷɑƆ˒˒ȪƷƆɑ ʾǘ˒˺ɑ˥˒ ǘǘ˒ݦ ܪڹڳݚ ܪںڳ ܪݧݛڵڳ (Fڱ,ɱ)
Ʒʂɱ˥ƆȪɱ˒ Ɔ ˒˺ƭ˒ǘʹ˺ǘɱƷǘܪ ̣ȚȪƷȚ Ȫ˒ ƆȇƆȪɱ ǃǘɱʂ˥ǘǃ ƭ̰ (Fڱ,ɱ)ܪ Ʒʂɱ̝ǘʾȇȪɱȇ Ȫɱ ղʹ,ڳ� (Ӯ)ܿ �ǘ˥
Ɉ � ,ڲ} . . . ,�}ܿ %̰ �ǘɩɩƆ ܪڷܿڵ

FɈ,ɱ := ֆɈFɱ � �6ʹ�Әւ,Ɉ (ӮɈ), ղFɈ,ɱ � �әʹ�Әջ,Ɉ (ӮɈ),
Ɔɱǃ ˥Țǘ ˒ǘʹ˺ǘɱƷǘ (FɈ,ɱ) Ȫ˒ ƭʂ˺ɱǃǘǃ Ȫɱ �6ʹ�Әւ,Ɉ (ӮɈ) � ղ−ڲ �әʹ�Әջ,Ɉ (ӮɈ) ƭ̰ ˥Țǘ ʳʾʂǃ˺Ʒ˥ ʾ˺ɑǘܿ %̰
�ǘɩɩƆ ܪڵܿڵ ̣ǘ ȚƆ̝ǘ և∗Ɉ FɈ,ɱ � �6ʹ�հւ (ӣ) Ɔɱǃ|և∗Ɉ FɈ,ɱ|6ʹ(ӣ) � Ʒ|FɈ,ɱ|6ʹ(ӮɈ),
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ڷں ࡧ ýܿ %Ɔ˺ǘʾ ǘ˥ Ɔɑܿ

˒Țʂ̣Ȫɱȇ ˥ȚƆ˥ (և∗Ɉ FɈ,ɱ) Ȫ˒ ƭʂ˺ɱǃǘǃ Ȫɱ �6ʹ�հւ (ӣ)ܿ �ɱƆɑʂȇʂ˺˒ɑ ܪ̰ (և∗Ɉ FɈ,ɱ) � պ−ڲɈ �әʹ�հջ (ӣ) Ȫ˒
ƭʂ˺ɱǃǘǃ Ȫɱ պ−ڲɈ �әʹ�հջ (ӣ) ̣Ȫ˥Ț ˥Țǘ ƆǃɩȪ˒˒Ȫƭɑǘ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ պɈ := ڲ−±ʹ(ڲ�) � և∗Ɉ � ղ֢∗Ɉ ܿ
ĊȚ˺˒ (և∗Ɉ FɈ,ɱ) Ȫ˒ ƭʂ˺ɱǃǘǃ Ȫɱ�6ʹ�հւ (ӣ) � պ−ڲɈ �әʹ�հջ (ӣ) � �6ʹ�հւ (ӣ) � պ−ڲɈ �әʹհջ (ӣ), հջ � ,{+,ڱ%,ڱ%,�} �հւ = հ \ հջ .
ĊȚ˺˒ܪ ƭ̰ �ǘɩɩƆ ڳܿڵ Ɔɱǃ ̣Ȫ˥Țʂ˺˥ ɑʂ˒˒ ʂȄ ȇǘɱǘʾƆɑȪ˥ ܪ̰ (և∗Ɉ FɈ,ɱ) Ȫ˒ Ɔ ,Ɔ˺ƷȚ̰ ˒ǘʹ˺ǘɱƷǘ Ȫɱ
ܿ(ӣ)ʹ,ڳ� ±ʂ̣

FɈ,ɱ = ֢∗Ɉև∗Ɉ FɈ,ɱ � (ӮɈ)ʹ,ڳ�
Ɔɱǃ �ǘɩɩƆ ڵܿڵ ̰Ȫǘɑǃ˒|FɈ,ɱ � FɈ,ɩ|ڳ�,ʹ(ӮɈ) � Ʒ|և∗Ɉ FɈ,ɱ � և∗Ɉ FɈ,ɩ|ڳ�,ʹ(ӣ).
vǘɱƷǘ (FɈ,ɱ) Ȫ˒ Ɔ ,Ɔ˺ƷȚ̰ ˒ǘʹ˺ǘɱƷǘ Ȫɱ (ӮɈ)ʹ,ڳ� Ɔɱǃ ˒ʂ Ȫɱ ղʹ,ڳ� (Ӯ) Ȅʂʾ ˥ȚǘȪʾ ṷ̈́˥ǘɱ˒Ȫʂɱ˒ ƭ̰
̀ǘʾʂ ˥ʂ Ӯܿ gȪɱƆɑɑ ܪ̰ ṷ̈́˥ʾƆƷ˥Ȫɱȇ Ʒʂɱ̝ǘʾȇǘɱ˥ ˒˺ƭ˒ǘʹ˺ǘɱƷǘ˒ Ȅʂʾ Ɉ = ,ڲ . . . ܪ�, ̣ǘ ˒ǘǘ ˥ȚƆ˥(Fɱ) = � ��

Ɉ=ڱ ֆɈFɱ� = � ��
Ɉ=ڱFɈ,ɱ�

Ȫ˒ Ɔ ,Ɔ˺ƷȚ̰ ˒ǘʹ˺ǘɱƷǘ Ȫɱ ղʹ,ڳ� (Ӯ)ܿ
ñǘɩƆʾɈ ںܿڵ �ɱǃǘʳǘɱǃǘɱƷǘݦ ʂȄ ˥Țǘ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱܿݧ %̰ ˒˥ƆɱǃƆʾǃ ˥ǘƷȚɱȪʹ˺ǘ˒ܪ Ȫ˥ ƷƆɱ ƭǘ
˒Țʂ̣ɱ ˥ȚƆ˥ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ Ȫ˒ Ȫɱǃǘʳǘɱǃǘɱ˥ ʂȄ ˥Țǘ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ ղܪ Ȫܿ ǘܿܪ ˥Țǘ
ƷʂɩʳƆƷ˥ɱǘ˒˒ ʂȄ ˥Țǘ ǘɩƭǘǃǃȪɱȇ Ȫɱ ĊȚǘʂʾǘɩ ڹܿڵ ǃʂǘ˒ ɱʂ˥ ǃǘʳǘɱǃ ʂɱ ղܿ gʂʾ ǃǘ˥ƆȪɑ˒ܪ
˒ǘǘ ܿݛڳݚ

ۊ �ʳʳɑȪƷƆ˥Ȫʂɱ˒
gʾʂɩɱʂ̣ ʂɱܪ ɑǘ˥ Ӯ � �± ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ǃʂɩƆȪɱ Ɔɱǃ ɑǘ˥ (Ӯ, Әւ) ƭǘ Ɔ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ
Ɔ˒ ̣ǘɑɑ Ɔ˒ ղ : �(Ӯ)ʹ,ڳ� (Ӯ)ʹ,ڳ� ƭǘ ƆǃɩȪ˒˒Ȫƭɑǘܿ ĊȚǘɱ ƭ̰ ĊȚǘʂʾǘɩ ܪڹܿڵ ˥Țǘ ǘɩƭǘǃǃȪɱȇ�6ʹӘւ (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ) �� (Ӯ)ʹ,ڳ� ݧںݦ

Ȫ˒ ƷʂɩʳƆƷ˥ܿ ĊȚǘ ʾǘ˒˺ɑ˥˒ ʂȄ ˥ȚȪ˒ ˒ǘƷ˥Ȫʂɱ ȪɩɩǘǃȪƆ˥ǘɑ̰ Ȅʂɑɑʂ̣ Ȫɱ ˥Țǘ ȄʾƆɩụ̈́ʂʾɈ ʂȄ Ɔ ȇǘɱݱ
ǘʾƆɑ Ȅ˺ɱƷ˥ȪʂɱƆɑ ƆɱƆɑ̰˥ȪƷ ˥ʂʂɑƭʂ̭݈ ˒ǘǘ ܪڲڳݚ ܪڱڳ ܿݛڳڳ gʂʾ ǃǘ˥ƆȪɑ˒ܪ ˒ǘǘ Ɔɑ˒ʂ ˥Țǘ ʳʾʂʂȄ˒ Ȫɱ ݛڲݚ
Ȅʂʾ ˥Țǘ ƷɑƆ˒˒ȪƷƆɑ ƷƆ˒ǘ ʂȄ ̝ǘƷ˥ʂʾ ƆɱƆɑ̰˒Ȫ˒ܿ

ۆܿۊ ĊȚǘ ¬Ɔ̭̣ǘɑɑ ǘ˒˥ȪɩƆ˥ǘ
�͘ʾ˒˥ Ʒʂɱ˒ǘʹ˺ǘɱƷǘʂȄ ݧںݦ Ȫ˒ ˥ȚƆ˥ ˥Țǘ ˒ʳƆƷǘʂȄ ˒ʂݱƷƆɑɑǘǃ ǘ˺ɩƆɱɱ±ݮ˥6ȪʾȪƷȚɑǘނȚƆʾɩʂɱȪƷށ
Ȅʂʾɩ˒

H
ʹ
ղ (Ӯ) := �6ʹӘւ (Ӯ)ڱ, � ղ−ڲ �әʹӘջ (Ӯ)ڱ,
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Ȫ˒ ͘ɱȪ˥ǘݱǃȪɩǘɱ˒ȪʂɱƆɑܪ Ɔ˒ ˥Țǘ ˺ɱȪ˥ ƭƆɑɑ ȪɱH
ʹ
ղ (Ӯ) Ȫ˒ ƷʂɩʳƆƷ˥ ƭ̰ ܿݧںݦ ę˒Ȫɱȇ ˥Țǘ vǘɑɩȚʂɑ˥̀

ʳʾʂɀǘƷ˥Ȫʂɱ˒ ʂȄ ĊȚǘʂʾǘɩ ܪڳܿڶ ̣ǘ ˒ǘǘ ˥ȚƆ˥ ˥Țǘ ǃȪɩǘɱ˒Ȫʂɱ ʂȄ Hʹ
ղ (Ӯ) ǃʂǘ˒ ɱʂ˥ ǃǘʳǘɱǃ ʂɱ

ղܪ Ȫɱ ʳƆʾ˥ȪƷ˺ɑƆʾ ǃȪɩH
ʹ
ղ (Ӯ) = Hʹ(Ӯ)ܿ %̰ Ɔ ˒˥ƆɱǃƆʾǃ ȪɱǃȪʾǘƷ˥ Ɔʾȇ˺ɩǘɱ˥ܪ ݧںݦ ȪɩɩǘǃȪƆ˥ǘɑ̰

ȪɩʳɑȪǘ˒ ˥Țǘ ˒ʂݱƷƆɑɑǘǃ ¬Ɔ̭̣ǘɑɑ ǘ˒˥ȪɩƆ˥ǘܿ

ĊȚǘʂʾǘɩ ڲܿڶ Ɔ̭̣ǘɑɑ¬ݦ ǘ˒˥ȪɩƆ˥ǘܿݧ ĊȚǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ ʳʂ˒Ȫ˥Ȫ̝ǘ Ʒʂɱ˒˥Ɔɱ˥ Ʒɩܪ ˒˺ƷȚ ˥ȚƆ˥ Ȅʂʾ Ɔɑɑ
F � �6ʹӘւ (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ) �Hʹ

ղ (Ӯ)⊥ղ|F|ڳ�,ʹղ (Ӯ) � Ʒɩ �|ǃF|ڲ+ʹ,ڳ�ڳ(Ӯ) + | ձ ղF|ڲ−ʹ,ڳ�ڳ(Ӯ)ڳ/ڲ�.
vǘʾǘܪ ̣ǘ ǃǘɱʂ˥ǘ ƭ̰ �ղ ʂʾ˥ȚʂȇʂɱƆɑȪ˥̰ ̣Ȫ˥Ț ʾǘ˒ʳǘƷ˥ ˥ʂ ˥Țǘ ղʹ,ڳ� (Ӯ)ݱȪɱɱǘʾ ʳʾʂǃ˺Ʒ˥ܿ

ۇܿۊ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒
�ʳʳɑ̰Ȫɱȇ ˥ȚǘʳʾʂɀǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ˥ʂ ˥Țǘǃǘɱ˒ǘɑ̰ǃǘ͘ɱǘǃƆɱǃƷɑʂ˒ǘǃ ݧɱƭʂ˺ɱǃǘǃ˺ݦ ɑȪɱǘƆʾ
ʂʳǘʾƆ˥ʂʾ˒ܪ

ǃʹ−ڲւ : Әւڲ−ʹ�6 (Ӯ) � �(Ӯ)ڲ−ʹ,ڳ� ղʹ,ڳ� (Ӯ) ; F �� ǃF

̣Ȫ˥Ț ˥vȪɑƭǘʾݦ ˒ʳƆƷǘݧ ƆǃɀʂȪɱ˥ ǘǘ˒ݦ ĊȚǘʂʾǘɩ �ݧڸܿڵ ձʹջ ղ := �ǃʹ−ڲւ �∗ : ղ−ڲ �әʹӘջ (Ӯ) � ղʹ,ڳ� (Ӯ)� (Ӯ)ڲ−ʹ,ڳ� ; v �� � ձ ղv
Ɔɱǃ �ղ−ڲ ձʹ+ڲջ : ղ−ڲ �әʹ+ڲӘջ (Ӯ) � �(Ӯ)ڲ+ʹ,ڳ� ղʹ,ڳ� (Ӯ) ; v �� �ղ−ڲ ձv
̣Ȫ˥Ț ƆǃɀʂȪɱ˥ ǘǘ˒ݦ ĊȚǘʂʾǘɩ ݧڸܿڵ

ǃʹւ := ��ղ−ڲ ձʹ+ڲջ �∗ : �6ʹӘւ (Ӯ) � ղʹ,ڳ� (Ӯ)� (Ӯ)ڲ+ʹ,ڳ� ; F �� ǃF

̣ǘ ʂƭ˥ƆȪɱ ˥Țǘ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒

ղʹ,ڳ� (Ӯ) = ǃ Әւڲ−ʹ�6 (Ӯ) �ղ ղ−ڲ �әʹӘջ ,(Ӯ)ڱ, ݧڱڲݦ

ղʹ,ڳ� (Ӯ) = �6ʹӘւ (Ӯ)ڱ, �ղ ղ−ڲ ձ �әʹ+ڲӘջ (Ӯ). ݧڲڲݦ

ĊȚǘʾǘȄʂʾǘܪ �6ʹӘւ (Ӯ)ڱ, = ǃ Әւڲ−ʹ�6 (Ӯ)�ղHʹ
ղ (Ӯ) Ɔɱǃܪ Ɔɑ˥ʂȇǘ˥Țǘ ʾܪ ̣ǘ ȇǘ˥ ˥Țǘ ʾǘ͘ɱǘǃ vǘɑɩȚʂɑ˥̀

ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ

ղʹ,ڳ� (Ӯ) = ǃ Әւڲ−ʹ�6 (Ӯ) �ղ Hʹ
ղ (Ӯ) �ղ ղ−ڲ ձ �әʹ+ڲӘջ (Ӯ). ݧڳڲݦ

ĊȚǘʂʾǘɩ ڳܿڶ ̀˥vǘɑɩȚʂɑݦ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ܿݧ ĊȚǘ ʂʾ˥ȚʂɱʂʾɩƆɑ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒

ղʹ,ڳ� (Ӯ) = ǃ Әւڲ−ʹ�6 (Ӯ) �ղ ղ−ڲ �әʹӘջ (Ӯ)ڱ,
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= �6ʹӘւ (Ӯ)ڱ, �ղ ղ−ڲ ձ �әʹ+ڲӘջ (Ӯ)= ǃ Әւڲ−ʹ�6 (Ӯ) �ղ Hʹ
ղ (Ӯ) �ղ ղ−ڲ ձ �әʹ+ڲӘջ (Ӯ)

Țʂɑǃܿ g˺ʾ˥Țǘʾɩʂʾǘܪ

ǃ �6ʹӘւ (Ӯ) = ǃ� �6ʹӘւ (Ӯ) � ղ−ڲ ձ �әʹ+ڲӘջ (Ӯ)� = ǃ� �6ʹӘւ (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ)ڱ, �Hʹ
ղ (Ӯ)⊥ղ�,

ձ �әʹӘջ (Ӯ) = ձ� �әʹӘջ (Ӯ) � ղ ǃ Әւڲ−ʹ�6 (Ӯ)� = ձ� �әʹӘջ (Ӯ) � ղ� �6ʹӘւ (Ӯ)ڱ, �Hʹ
ղ (Ӯ)⊥ղ��

Ɔɱǃ

ǃ Әւڲ−ʹ�6 (Ӯ) = �6ʹӘւ (Ӯ)ڱ, �Hʹ
ղ (Ӯ)⊥ղ , ձ �әʹ+ڲӘջ (Ӯ) = �әʹӘջ (Ӯ)ڱ, �Hʹ

ղ (Ӯ)⊥,�6ʹӘւ (Ӯ)ڱ, = ǃ Әւڲ−ʹ�6 (Ӯ) �ղ Hʹ
ղ (Ӯ), �әʹӘջ (Ӯ)ڱ, = ձ �әʹ+ڲӘջ (Ӯ) �ղ−ڲ ղHʹ

ղ (Ӯ).
ĊȚǘ ʾƆɱȇǘ˒ ǃ Әւڲ−ʹ�6 (Ӯ) Ɔɱǃ ձ �әʹ+ڲӘջ (Ӯ) Ɔʾǘ Ʒɑʂ˒ǘǃ ˒˺ƭ˒ʳƆƷǘ˒ ʂȄ ղʹ,ڳ� (Ӯ)ܿ ¬ʂʾǘʂ̝ǘ ʾܪ ˥Țǘ ǃܪݱ
ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ ձݱʳʂ˥ǘɱ˥ȪƆɑ˒ Ɔʾǘ ˺ɱȪʹ˺ǘɑ̰ ǃǘ˥ǘʾɩȪɱǘǃ Ȫɱ �6ʹӘւ (Ӯ)� ղ−ڲ �әʹӘջ ʹ�H(Ӯ)ڱ,

ղ (Ӯ)⊥ղ Ɔɱǃ�әʹӘջ (Ӯ)�ղ( �6ʹӘւ ʹ�H(Ӯ)ڱ,
ղ (Ӯ)⊥ղ ܪ( ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ Ɔɱǃ ǃǘʳǘɱǃ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ɑ̰ ʂɱ ˥ȚǘȪʾ ʾǘ˒ʳǘƷ˥Ȫ̝ǘ

ȪɩƆȇǘ˒ܿ

êʾʂʂȄܿ gʂʾ ղ = Ȫǃܪ ݧڱڲݦ Ɔɱǃ ݧڲڲݦ ̰Ȫǘɑǃ�әʹӘջ (Ӯ) = �ǃ Әւڲ−ʹ�6 (Ӯ) � �әʹӘջ (Ӯ)� � �әʹӘջ �6ʹӘւ,(Ӯ)ڱ, (Ӯ) = �6ʹӘւ (Ӯ)ڱ, � � �6ʹӘւ (Ӯ) � ձ �әʹ+ڲӘջ (Ӯ)�
Ɔɱǃ ˥Ț˺˒ ̣Ȫ˥Ț ܪݧڱڲݦ ݧڲڲݦ Ɔɱǃ ݧڳڲݦ

ձ �әʹӘջ (Ӯ) = ձ� �әʹӘջ (Ӯ) � ǃ Әւڲ−ʹ�6 (Ӯ)� = ձ� �6ʹӘւ (Ӯ)ڱ, � �әʹӘջ (Ӯ) �Hʹ(Ӯ)⊥�,
ǃ �6ʹӘւ (Ӯ) = ǃ� �6ʹӘւ (Ӯ) � ձ �әʹ+ڲӘջ (Ӯ)� = ǃ� �6ʹӘւ (Ӯ) � �әʹӘջ (Ӯ)ڱ, �Hʹ(Ӯ)⊥�.

±ʂ̣ ĊȚǘʂʾǘɩ ڲܿڶ ȪɩʳɑȪǘ˒ ˥Țǘ Ʒɑʂ˒ǘǃɱǘ˒˒ ʂȄ ˥Țǘ ʾƆɱȇǘ˒ Ɔɱǃ ˥Țǘ Ʒʂɱ˥Ȫɱ˺Ȫ˥̰ ʂȄ ˥Țǘ ʳʂ˥ǘɱݱ
˥ȪƆɑ˒ܿ ĊȚǘ ʂ˥Țǘʾ Ɔ˒˒ǘʾ˥Ȫʂɱ˒ Ȅʂɑɑʂ̣ ȪɩɩǘǃȪƆ˥ǘɑ̰ܿ

,ʂʾʂɑɑƆʾ̰ ڴܿڶ ñǘ͘ɱǘǃݦ vǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ܿݧ �˥ Țʂɑǃ˒�6ʹӘւ (Ӯ) = ǃ Әւڲ−ʹ�6 (Ӯ) �ղ � �6ʹӘւ (Ӯ) � ղ−ڲ �әʹӘջ =�(Ӯ)ڱ, �6ʹӘւ (Ӯ)ڱ, �ղ � �6ʹӘւ (Ӯ) � ղ−ڲ ձ �әʹ+ڲӘջ (Ӯ)�= ǃ Әւڲ−ʹ�6 (Ӯ) �ղ Hʹ
ղ (Ӯ) �ղ � �6ʹӘւ (Ӯ) � ղ−ڲ ձ �әʹ+ڲӘջ (Ӯ)�,

ղ−ڲ �әʹӘջ (Ӯ) = �ǃ Әւڲ−ʹ�6 (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ)� �ղ ղ−ڲ �әʹӘջ =(Ӯ)ڱ, � �6ʹӘւ (Ӯ)ڱ, � ղ−ڲ �әʹӘջ (Ӯ)� �ղ ղ−ڲ ձ �әʹ+ڲӘջ (Ӯ)= �ǃ Әւڲ−ʹ�6 (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ)� �ղ Hʹ
ղ (Ӯ) �ղ ղ−ڲ ձ �әʹ+ڲӘջ (Ӯ).
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ۈܿۊ ý˥Ɔ˥ȪƷ ˒ʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰
�˒ Ɔ Ȅ˺ʾ˥Țǘʾ ƆʳʳɑȪƷƆ˥Ȫʂɱܪ ̣ǘ ˥˺ʾɱ ˥ʂ ˥Țǘ ƭʂ˺ɱǃƆʾ̰ ̝Ɔɑ˺ǘ ʳʾʂƭɑǘɩ ʂȄ ȇǘɱǘʾƆɑȪ̀ǘǃ ǘɑǘƷݱ
˥ʾʂ Ɔɱǃ ɩƆȇɱǘ˥ʂ˒˥Ɔ˥ȪƷ˒ ̣Ȫ˥Ț ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ̝Ɔɑ˺ǘ˒ܩ �ǘ˥ g � ܪ(Ӯ)ڲ+ʹ,ڳ� j � ܪ(Ӯ)ڲ−ʹ,ڳ�
Fւ, Fջ � ղʹ,ڳ� (Ӯ) Ɔɱǃ ɑǘ˥ ղ ƭǘ ƆǃɩȪ˒˒Ȫƭɑǘܿ ĊȚǘ ʳʾʂƭɑǘɩ Ȫ˒ ˥ʂ ͘ɱǃ F � 6ʹ(Ӯ) � ղ−ڲәʹ(Ӯ)
˒˺ƷȚ ˥ȚƆ˥

ǃF = g,
ձ ղF = j,

F � Fւ � �6ʹӘւ (Ӯ),
ղ(F � Fջ) � �әʹӘջ (Ӯ).

ݧڴڲݦ

gʂʾ ˺ɱȪʹ˺ǘɱǘ˒˒ܪ ̣ǘ ʾǘʹ˺Ȫʾǘ ˥Țǘ ƆǃǃȪ˥ȪʂɱƆɑ ƷʂɱǃȪ˥Ȫʂɱ˒�ղF,6ڳ���,ʹղ (Ӯ) = խ� � �, � = ,ڲ . . . , ǃ, ݧڵڲݦ

̣Țǘʾǘ ǃ Ȫ˒ ˥Țǘ ǃȪɩǘɱ˒Ȫʂɱ Ɔɱǃ {6�} Ɔɱ ղݱʂʾ˥ȚʂɱʂʾɩƆɑ ƭƆ˒Ȫ˒ ʂȄ Hʹ
ղ (Ӯ)ܿ ĊȚǘ ƭʂ˺ɱǃƆʾ̰

̝Ɔɑ˺ǘ˒ ʂɱ Әւ Ɔɱǃ Әջܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ Ɔʾǘ ʾǘƆɑȪ˒ǘǃ ƭ̰ ˥Țǘ ȇȪ̝ǘɱ ̝ʂɑ˺ɩǘ Ȅʂʾɩ˒ Fւ Ɔɱǃ Fջܪ
ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ̰ܿ

ĊȚǘʂʾǘɩ ڵܿڶ ý˥Ɔ˥ȪƷݦ ˒ʂɑ˺˥Ȫʂɱ ˥Țǘʂʾ̰ܿݧ ݧڴڲݦ ƆǃɩȪ˥˒ Ɔ ˒ʂɑ˺˥Ȫʂɱܪ ȪȄ Ɔɱǃ ʂɱɑ̰ ȪȄ

Fւ � 6ʹ(Ӯ), Fջ � ղ−ڲәʹ(Ӯ),
Ɔɱǃ

g � ǃFւ � �әʹ+ڲӘջ ,(Ӯ)ڱ, j � ձ ղFջ � Әւڲ−ʹ�6 .(Ӯ)ڱ, ݧڶڲݦ

ĊȚǘ ˒ʂɑ˺˥Ȫʂɱ F � 6ʹ(Ӯ) � ղ−ڲәʹ(Ӯ) ƷƆɱ ƭǘ ƷȚʂ˒ǘɱ Ȫɱ Ɔ ̣Ɔ̰ ˒˺ƷȚ ˥ȚƆ˥ ƷʂɱǃȪ˥Ȫʂɱ ݧڵڲݦ
̣Ȫ˥Ț խ � �ǃ Ȫ˒ Ȅ˺ɑ͘ɑɑǘǃܪ ̣ȚȪƷȚ ˥Țǘɱ ˺ɱȪʹ˺ǘɑ̰ ǃǘ˥ǘʾɩȪɱǘ˒ ˥Țǘ ˒ʂɑ˺˥Ȫʂɱܿ g˺ʾ˥Țǘʾɩʂʾǘܪ ˥Țǘ
˒ʂɑ˺˥Ȫʂɱ ǃǘʳǘɱǃ˒ ɑȪɱǘƆʾɑ̰ Ɔɱǃ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ɑ̰ ʂɱ ˥Țǘ ǃƆ˥Ɔܿ

±ʂ˥ǘ ˥ȚƆ˥ ݧڶڲݦ Ȫ˒ ǘʹ˺Ȫ̝Ɔɑǘɱ˥ ˥ʂ

g � ǃFւ � ǃ �6ʹӘւ (Ӯ), j � ձ ղFջ � ձ �әʹӘջ (Ӯ).
gʂʾ Țʂɩʂȇǘɱǘʂ˺˒ ƭʂ˺ɱǃƆʾ̰ ǃƆ˥Ɔܪ Ȫܿ ǘܿܪ Fւ = Fջ = ܪڱ ˥Țǘ ɑƆ˥˥ǘʾ ˥Țǘʂʾǘɩ ȪɩɩǘǃȪƆ˥ǘɑ̰
Ȅʂɑɑʂ̣˒ ȄʾʂɩƆ Ȅ˺ɱƷ˥ȪʂɱƆɑ ƆɱƆɑ̰˥ȪƷ ˥ʂʂɑƭʂ̭ ǘǘ˒ݦ ܪڲڳݚ ܪڱڳ ȚȪƷȚ̣ܪݧݛڳڳ ǘ̝ǘɱ ˒˥Ɔ˥ǘ˒ Ɔ ˒ȚƆʾʳǘʾ
ʾǘ˒˺ɑ˥ܩ ĊȚǘ ɑȪɱǘƆʾ ˒˥Ɔ˥ȪƷ ¬Ɔ̭̣ǘɑɑݱʂʳǘʾƆ˥ʂʾ

¬ : �6ʹӘւ (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ) �� ǃ �6ʹӘւ (Ӯ) ◊ ձ �әʹӘջ (Ӯ) ◊ �ǃ
F ��� (ǃF, ձ ղF, (�ղF,6ڳ���,ʹղ (Ӯ))ǃ�=ڲ)

Ȫ˒ Ɔ ˥ʂʳʂɑʂȇȪƷƆɑ Ȫ˒ʂɩʂʾʳȚȪ˒ɩܿ �˥˒ Ȫɱ̝ǘʾ˒ǘ¬−ڲ ɩƆʳ˒ ɱʂ˥ ʂɱɑ̰ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ɑ̰ ʂɱ˥ʂ Ȫ˥˒ ǃʂݱ
ɩƆȪɱ ʂȄ ǃǘ͘ɱȪ˥Ȫʂɱ �6ʹӘւ (Ӯ)�ղ−ڲ �әʹӘջ (Ӯ)ܪ ƭ˺˥ Ɔɑ˒ʂ ƷʂɩʳƆƷ˥ɑ̰ Ȫɱ˥ʂ ղʹ,ڳ� (Ӯ) ƭ̰ ܿݧںݦ gʂʾ Țʂɩʂݱ
ȇǘɱǘʂ˺˒ Ɉǘʾɱǘɑ ǃƆ˥Ɔܪ Ȫܿ ǘܿܪ Ȅʂʾ

ڱ¬ : �6ʹӘւ (Ӯ) � ղ−ڲ �әʹӘջ (Ӯ) �Hʹ
ղ (Ӯ)⊥ղ �� ǃ �6ʹӘւ (Ӯ) ◊ ձ �әʹӘջ (Ӯ)

F ��� (ǃF, ձ ղF) ,
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̣ǘ ȚƆ̝ǘ ڱڲ−¬|| || � (Ʒڳɩ + ܿڳ/ڲ(ڲ gʂʾ ǃǘ˥ƆȪɑ˒ Ɔɱǃ Ɔ ʳʾʂʂȄ ʂȄ ĊȚǘʂʾǘɩ ڵܿڶ Ȫɱ ˥Țǘ ƷɑƆ˒˒ȪƷƆɑ
˒ǘ˥˥Ȫɱȇ ʂȄ ̝ǘƷ˥ʂʾ ƆɱƆɑ̰˒Ȫ˒ܪ ˒ǘǘ ܿݛڲݚ

ۉܿۊ jǘɱǘʾƆɑ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒ Ɔɱǃ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒
� Ʒɑʂ˒ǘʾ Ȫɱ˒ʳǘƷ˥Ȫʂɱ ʂȄ ˥Țǘ ʳʾʂʂȄ ʂȄ �ǘɩɩƆ ڴܿڴ ˒Țʂ̣˒ ˥ȚƆ˥ �ǘɩɩƆ ڴܿڴ Ɔɱǃ �ǘɩɩƆ ڵܿڴ
Țʂɑǃ Ȅʂʾ ɩʂʾǘ ȇǘɱǘʾƆɑ ˒Ȫ˥˺Ɔ˥Ȫʂɱ˒ܿ ę˒Ȫɱȇ ˥Țǘ ʳƆʾ˥Ȫ˥Ȫʂɱ ʂȄ ˺ɱȪ˥̰ Ȅʾʂɩ ýǘƷ˥Ȫʂɱ ڳܿڵ Ɔɱǃ ˥Țǘ
ƷʂɱƷǘʳ˥ ʂȄ ṷ̈́˥ǘɱǃƆƭɑǘ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ˒ܪ ̣ǘ ƷƆɱ ǘ̝ǘɱ ȇǘɱǘʾƆɑȪ˒ǘ �ǘɩɩƆ ڴܿڴ Ɔɱǃ
�ǘɩɩƆ ڵܿڴ ˥ʂ ȇǘɱǘʾƆɑ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾ˒ܿ ±ʂ˥ǘ ˥ȚƆ˥ ƭ̰ ĊȚǘʂʾǘɩ ڳܿڶ

ǃ �6ʹӘւ (Ӯ) = Әւڲ+ʹ�6 (Ӯ)ڱ, �Hʹ+ڲ
ղ (Ӯ)⊥ղ , Әւڲ+ʹ�6 (Ӯ)ڱ, = ǃ �6ʹӘւ (Ӯ) �ղ Hʹ+ڲ

ղ (Ӯ). ݧڷڲݦ

ĊȚǘʂʾǘɩ ڶܿڶ ñǘȇ˺ɑƆʾݦ ʳʂ˥ǘɱ˥ȪƆɑ˒ Ɔɱǃ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ Ȅʂʾ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ܿݧ
�ǘ˥ Ӯ � �± Ɔɱǃ ɑǘ˥ (Ӯ, Әւ) ƭǘ Ɔ ƭʂ˺ɱǃǘǃ ˒˥ʾʂɱȇ �Ȫʳ˒ƷȚȪ˥̀ ʳƆȪʾܿ
ݧȪݦ ĊȚǘʾǘ ṷ̈́Ȫ˒˥˒ Ɔ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ɑȪɱǘƆʾ ʂʳǘʾƆ˥ʂʾ

S
ʹ
ǃ : ǃ Әւڲ−ʹ�6 (Ӯ)� �vڲ−ʹ,ڲӘւ (Ӯ),

˒˺ƷȚ ˥ȚƆ˥ ǃS
ʹ
ǃ = Ȫǃ |ǃ Әւڲ−ʹ�6 (Ӯ)ܿ F˒ʳǘƷȪƆɑɑ ܪ̰

ǃ Әւڲ−ʹ�6 (Ӯ) = ǃ �vڲ−ʹ,ڲӘւ (Ӯ)
Ɔɱǃ ˥Țǘ ʾǘȇ˺ɑƆʾ �vڲ−ʹ,ڲӘւ (Ӯ)ݱʳʂ˥ǘɱ˥ȪƆɑ ǃǘʳǘɱǃ˒ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ɑ̰ ʂɱ ˥Țǘ ǃƆ˥Ɔܿ �ɱ ʳƆʾ˥ȪƷ˺ɑƆ ʾܪ
˥Țǘ˒ǘ ˒ʳƆƷǘ˒ Ɔʾǘ Ʒɑʂ˒ǘǃ ˒˺ƭ˒ʳƆƷǘ˒ ʂȄ (Ӯ)ʹ,ڳ� Ɔɱǃ S

ʹ
ǃ Ȫ˒ Ɔ ʾȪȇȚ˥ Ȫɱ̝ǘʾ˒ǘ ˥ʂ ǃܿ

ݧȪȪݦ ĊȚǘ ʾǘȇ˺ɑƆʾ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒�6ʹӘւ (Ӯ) = �vڲ,ʹӘւ (Ӯ) + ǃ �vڲ−ʹ,ڲӘւ (Ӯ) �6ʹӘւ (Ӯ)ڱ, = ǃ �vڲ−ʹ,ڲӘւ (Ӯ) + � �vڲ,ʹӘւ (Ӯ) � �6ʹӘւ =�(Ӯ)ڱ, Sʹ+ڲ
ǃ ǃ �6ʹӘւ (Ӯ) � �6ʹӘւ ,(Ӯ)ڱ, = ǃ �vڲ−ʹ,ڲӘւ (Ӯ) �Hʹ(Ӯ)= ǃ �vڲ−ʹ,ڲӘւ (Ӯ) �ղ Hʹ

ղ (Ӯ)
Țʂɑǃ ̣Ȫ˥Ț ɑȪɱǘƆʾ Ɔɱǃ Ʒʂɱ˥Ȫɱ˺ʂ˺˒ ʾǘȇ˺ɑƆʾ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱܪ ʾǘ˒ʳǘƷ˥Ȫ̝ǘɑ ܪ̰ ʳʂ˥ǘɱ˥ȪƆɑ ʂʳݱ
ǘʾƆ˥ʂʾ˒ܪ ̣ȚȪƷȚ ƷƆɱ ƭǘ ǃǘ͘ɱǘǃ ṷ̈́ʳɑȪƷȪ˥ɑ̰ ƭ̰ ˥Țǘ ʂʾ˥ȚʂɱʂʾɩƆɑ vǘɑɩȚʂɑ˥̀ ʳʾʂɀǘƷ˥ʂʾ˒
Ɔɱǃ ˥Țǘ ʂʳǘʾƆ˥ʂʾ˒ Sʹ

ǃ ܿ ±ʂ˥ǘ ˥ȚƆ˥H
ʹ(Ӯ) Ȫ˒ Ɔ ˒˺ƭ˒ʳƆƷǘ ʂȄ ˒ɩʂʂ˥Ț Ȅʂʾɩ˒ܪ Ȫܿ ǘܿܪ Ȫ˥ Țʂɑǃ˒

H
ʹ(Ӯ) = �6ʹӘւ (Ӯ)ڱ, � �әʹӘջ (Ӯ)ڱ, � ,∞,ʹ(Ӯ)ܿ

vʂǃȇǘݱ�ݱǃ˺ƆɑȪ˥̰ ̰Ȫǘɑǃ˒ ˥Țǘ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ˥Țǘ ƷʂݱǃǘʾȪ̝Ɔ˥Ȫ̝ǘ ձܿ
gʂʾ ǃǘ˥ƆȪɑ˒ܪ ˒ǘǘ ܿݛڳݚ �ɱ ˥Țǘ ƷƆ˒ǘ ʂȄ ɱʂ ʂʾ Ȅ˺ɑɑ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ ʾǘɑƆ˥ǘǃ ʾǘ˒˺ɑ˥˒

ʂɱ ʾǘȇ˺ɑƆʾ ʳʂ˥ǘɱ˥ȪƆɑ˒ Ɔɱǃ ʾǘȇ˺ɑƆʾ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ Ɔʾǘ ʳʾǘ˒ǘɱ˥ǘǃ Ȫɱ ܿݛڵݚ
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ڴ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩ ࡧ ڲڱڲ

�ʳʳǘɱǃȪ̭ �ܿ êʾʂʂȄ ʂȄ �ǘɩɩƆ ڵܿڵ ƭƆƷɈݱʳ˺ɑɑݦ ɑǘɩɩƆ
Ȅʂʾ �Ȫʳ˒ƷȚȪ˥̀ ˥ʾƆɱ˒ȄʂʾɩƆ˥Ȫʂɱ˒ݧ
ŀǘ ˒˥Ɔʾ˥ ʂ˺˥ ƭ̰ ʳʾʂ̝Ȫɱȇ ˥Țǘ Ɔ˒˒ǘʾ˥Ȫʂɱ˒ Ȅʂʾ ˥Țǘ ṷ̈́˥ǘʾȪʂʾ ǃǘʾȪ̝Ɔ˥Ȫ̝ǘܿ

ۆܿ� ŀȪ˥Țʂ˺˥ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒
�ǘ˥ F = �� F� ǃ ̭� � 6ʹ(ӝ)ܿ ŀǘ ȚƆ̝ǘ ˥ʂ ˒Țʂ̣ և∗F � 6ʹ(�ӝ) ̣Ȫ˥Ț ǃև∗F = և∗ ǃFܿ
ݧȪݦ �ǘ˥ ˺˒ ͘ʾ˒˥ Ʒʂɱ˒Ȫǃǘʾ ӫ = �� ӫ� ǃ ̭� � ܪ(ӝ)ʹ,ڲ,ڱ, Ȫܿ ǘܿܪ ӫ� � (ӝ)ڲ,ڱ, Ȅʂʾ Ɔɑɑ �ܿ �ɱ ˥Țǘ

Ȅʂɑɑʂ̣Ȫɱȇܪ ̣ǘ ǃǘɱʂ˥ǘ ƭ̰�� ˥Țǘ Ʒʂɩʳʂ˒Ȫ˥Ȫʂɱ ̣Ȫ˥Ț ևܿ ŀǘ ȚƆ̝ǘ

ǃևɀ =�
Ȫ
�Ȫևɀ ǃ ̭Ȫ, և∗ӫ =�

�
�ӫ�և∗ ǃ ̭� =�

�
�ӫ� (ǃևȪڲ ) � � � � � (ǃևȪʹ ),

ǃӫ =�
� ,ɀ �ɀӫ� (ǃ ̭ɀ) � �ǃ ̭��.

%̰ ñƆǃǘɩƆƷȚǘʾކ˒ ˥Țǘʂʾǘɩܪ �ӫ� = ӫ� � և Ɔɱǃ ևɀ ƭǘɑʂɱȇ ˥ʂ (�ӝ)ڲ,ڱ, � vڲ(�ӝ) Ɔɱǃ ˥Țǘ
ƷȚƆȪɱ ʾ˺ɑǘ Țʂɑǃ˒ܪ Ȫܿ ǘܿܪ �Ȫ�ӫ� = �ɀ��ɀӫ��Ȫևɀܿ �˒ ևɀ � vڲ(�ӝ) ̣ǘ ȇǘ˥ ǃևɀ � (�ӝ)ڱڲ6 ƭ̰�ǃևɀ, ձքڲ,ڳ��(�ӝ) = ��ևɀ, ձ ձքڱ,ڳ��(�ӝ) = ڱ
Ȅʂʾ Ɔɑɑ ք � ܿ(�ӝ)ڳ,∞,� ĊȚ˺˒ ƭ̰ ǃǘ͘ɱȪ˥Ȫʂɱܪ ̣ǘ ˒ǘǘ
ǃև∗ӫ =�

�
(ǃ �ӫ� ) � (ǃևȪڲ ) � � � � � (ǃևȪʹ ) =�

� ,Ȫ �Ȫ�ӫ��ǃ ̭Ȫ� � (ǃևȪڲ ) � � � � � (ǃևȪʹ )=�
� ,Ȫ,ɀ��ɀӫ��Ȫևɀ�ǃ ̭Ȫ� � (ǃևȪڲ ) � � � � � (ǃևȪʹ )=�
� ,ɀ��ɀӫ� (ǃևɀ) � (ǃևȪڲ ) � � � � � (ǃևȪʹ ).

Àɱ ˥Țǘ ʂ˥Țǘʾ ȚƆɱǃܪ Ȫ˥ Țʂɑǃ˒

և∗ ǃӫ =�
� ,ɀ��ɀӫ��և∗ ǃ ̭ɀ� � �և∗ ǃ ̭�� =�

� ,ɀ��ɀӫ� (ǃևɀ) � (ǃևȪڲ ) � � � � � (ǃևȪʹ ).
ĊȚǘʾǘȄʂʾǘܪ և∗ӫ � 6ʹ(�ӝ) Ɔɱǃ ǃև∗ӫ = և∗ ǃӫܿ

ݧȪȪݦ gʂʾ ȇǘɱǘʾƆɑ F � 6ʹ(ӝ)ܪ ̣ǘ ʳȪƷɈ ӫ � ܿ(�ӝ)ڲ+ʹ,∞,� ±ʂ˥ǘ ˒˺ʳʳӫ �� �ӝ = ֢(ӝ)ܿ ñǘݱ
ʳɑƆƷȪɱȇ և ƭ̰ ֢ Ȫɱ ݧȪݦ ̣ǘ ȚƆ̝ǘ ֢∗ � ӫ � (ӝ)ڲ−ʹ−6± ̣Ȫ˥Ț ǃ֢∗ � ӫ = ֢∗ ǃ�ӫ Ɔɱǃܪ
˒ȪɱƷǘ ֢∗ � ӫ = �� (̂�ӫ)�֢∗ ǃ ̭� Țʂɑǃ˒ܪ ˒˺ʳʳ֢∗ � ӫ �� ӝܿ %̰ ˒˥ƆɱǃƆʾǃ ɩʂɑɑȪ͘ƷƆݱ
˥Ȫʂɱܪ ̣ǘ ʂƭ˥ƆȪɱ Ɔ ˒ǘʹ˺ǘɱƷǘ (ӭɱ) � (ӝ)ڲ−ʹ−±,∞,� ̣Ȫ˥Ț ӭɱ � ֢∗ � ӫ Ȫɱ ܿ(ӝ)ڲ−ʹ−6±
g˺ʾ˥Țǘʾɩʂʾǘܪ �ӭɱ � ܿ(ӝ)ڲ+ʹ,∞,� ĊȚǘɱ�և∗F, ձӫڳ��,ʹ(�ӝ) = ��ӝ և∗F � � ձӫ = ±��ӝ և∗F � և∗֢∗ ǃ�ӫ = ±��ӝ և∗�F � ֢∗ ǃ�ӫ�
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= ±�
ӝ

F � ֢∗ ǃ�ӫ = ±�
ӝ

F � ǃ֢∗ �ӫ� ±�
ӝ

F � ǃӭɱ= ±�
ӝ

F � � � ǃ� �ӭɱ = ±�F, ձ�ӭɱڳ��,ʹ(ӝ)= ±�ǃF,�ӭɱڲ+ʹ,ڳ��(ӝ) � ±�ǃF,�֢∗ �ӫڲ+ʹ,ڳ��(ӝ) = ±�
ӝ

ǃF � ֢∗ �ӫ
= ±��ӝ և∗�ǃF � ֢∗ �ӫ� = ±��ӝ �և∗ ǃF� � �ӫ = ��և∗ ǃF,ӫڲ+ʹ,ڳ��(�ӝ)

Ɔɱǃ ȚǘɱƷǘ և∗F � 6ʹ(�ӝ) ̣Ȫ˥Ț ǃև∗F = և∗ ǃFܿ
ݧȪȪȪݦ �ǘ˥ F � 6ʹ(ӝ)ܿ %̰ ܪݧȪȪݦ ̣ǘ Ɉɱʂ̣ և∗F � 6ʹ(�ӝ) ̣Ȫ˥Ț ǃև∗F = և∗ ǃFܿ vǘɱƷǘ|և∗F|ڳ�ڳ,ʹ(�ӝ) = ��ӝ և∗F � �և∗F = �

ӝ

֢∗և∗F � ֢∗ � և∗F
= ±�

ӝ

F � ���֢∗ � և∗�F � Ʒ|F|ڳ�ڳ,ʹ(ӝ)
Ɔɱǃ |ǃև∗F|ڲ+ʹ,ڳ�(�ӝ) = |և∗ ǃF|ڲ+ʹ,ڳ�(�ӝ) � Ʒ|ǃF|ڲ+ʹ,ڳ�(ӝ).

ۇܿ� ŀȪ˥Ț ˒˥ʾʂɱȇ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ
�ǘ˥ F � �6ʹԃڱ (ӝ) Ɔɱǃ (Fɱ) � �,∞,ʹԃڱ (ӝ)̣Ȫ˥Ț Fɱ � F Ȫɱ6ʹ(ӝ)ܿ %̰ �ʳʳǘɱǃȪ̭ ܪݧȪȪݦڲܿ� ̣ǘ Ɉɱʂ̣
և∗Fɱ,և∗F � 6ʹ(�ӝ) ̣Ȫ˥Ț ǃև∗Fɱ = և∗ ǃFɱ Ɔ˒ ̣ǘɑɑ Ɔ˒ ǃև∗F = և∗ ǃFܿ g˺ʾ˥Țǘʾɩʂʾǘܪ
և∗Fɱ ȚƆ˒ ƷʂɩʳƆƷ˥ ˒˺ʳʳʂʾ˥ Ɔ̣Ɔ̰ Ȅʾʂɩ �ԃܿڱ ę˒Ȫɱȇ ˒˥ƆɱǃƆʾǃ ɩʂɑɑȪ͘ƷƆ˥Ȫʂɱܪ ̣ǘ ʂƭ˥ƆȪɱ
և∗Fɱ � �6ʹ�ԃڱ (�ӝ)ܿ ¬ʂʾǘʂ̝ǘ ʾܪ ƭ̰ ܪݧȪȪȪݦڲܿ� և∗Fɱ � և∗F Ȫɱ 6ʹ(�ӝ)ܿ ĊȚǘʾǘȄʂʾǘܪ և∗F � �6ʹ�ԃڱ (�ӝ)
̣Ȫ˥Ț ǃև∗F = և∗ ǃFܿ
ۈܿ� ŀȪ˥Ț ̣ǘƆɈ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ
�ǘ˥ F � �6ʹԃڱ (ӝ) Ɔɱǃ ӫ � ڲ�ԃڲ+ʹ,∞,� (�ӝ)ܪ ̣Țǘʾǘ ԃڲ = ԃ \ ԃܿڱ %̰ �ʳʳǘɱǃȪ̭ ܪݧȪȪݦڲܿ� ̣ǘ
ƆȇƆȪɱ Ɉɱʂ̣ և∗F � 6ʹ(�ӝ) ̣Ȫ˥Ț ǃև∗F = և∗ ǃFܿ ¬ʂʾǘʂ̝ǘ ʾܪ ƭ̰ �ʳʳǘɱǃȪ̭ ܪڳܿ� ̣ǘ ȚƆ̝ǘ
֢∗ � ӫ � ڲԃڲ−ʹ−�6± (ӝ)ܪ Ɔɱǃ ȚǘɱƷǘ �֢∗ � ӫ � �әʹ+ڲԃڲ (ӝ)ܿ ŀǘ ʾǘʳǘƆ˥ ˥Țǘ ƷƆɑƷ˺ɑƆ˥Ȫʂɱ Ȅʾʂɩ
�ʳʳǘɱǃȪ̭ ݧȪȪݦڲܿ� ˥ʂ ƆʾʾȪ̝ǘ Ɔ˥�և∗F, ձӫڳ��,ʹ(�ӝ) = ��ӝ և∗F � � ձӫ = ±�F,�֢∗ ǃ�ӫڳ��,ʹ(ӝ)= ±�F,�ǃ֢∗ �ӫڳ��,ʹ(ӝ) = ±�F, ձ�֢∗ �ӫڳ��,ʹ(ӝ)
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= ±�ǃF,�֢∗ �ӫڲ+ʹ,ڳ��(ӝ) = ��և∗ ǃF,ӫڲ+ʹ,ڳ��(�ӝ) = ��ǃև∗F,ӫڲ+ʹ,ڳ��(�ӝ)
Ɔɱǃܪ ˥ȚǘʾǘȄʂʾǘܪ և∗F � �6ʹ�ԃڱ (�ӝ)ܿ
ۉܿ� �˒˒ǘʾ˥Ȫʂɱ˒ Ȅʂʾ ˥Țǘ ƷʂݱǃǘʾȪ̝Ɔ˥Ȫ̝ǘ
�˥ Țʂɑǃ˒ ƭ̰ �ʳʳǘɱǃȪ̭ ܪݧȪȪݦڲܿ�

ղv � әʹ(ӝ) � �ղv � 6±−ʹ(ӝ) � և∗ � ղ֢∗և∗v � 6±−ʹ(�ӝ) � պև∗v � әʹ(�ӝ).
¬ʂʾǘʂ̝ǘ ʾܪ ˺˒Ȫɱȇ �ʳʳǘɱǃȪ̭ ݧȪȪȪݦڲܿ� պ Ȫ˒ ƆǃɩȪ˒˒Ȫƭɑǘ ˒ȪɱƷǘ Ȅʂʾ Ɔɑɑ v � �պvܪ(�ӝ)ʹ,ڳ� ,vڳ��,ʹ(�ӝ) = ±��և∗ � ղ֢∗v ,vڳ��,ʹ(�ӝ) = ±�և∗ � ղ֢∗v ,�vڳ��,±−ʹ(�ӝ)= ±��ӝ և∗ � ղ֢∗v � v = ±�

ӝ

�ղ֢∗v � � � ֢∗v
= ±�ղ֢∗v ,֢∗vڳ��,ʹ(ӝ) � Ʒ|֢∗v|ڳ�ڳ,ʹ(ӝ) � Ʒ|v|ڳ�ڳ,ʹ(�ӝ).

g˺ʾ˥Țǘʾɩʂʾǘܪ

ձ պև∗v = ± � ǃև∗ � ղv = ± � և∗ � ձ ղv .
ĊȚǘ ʾǘɩƆȪɱȪɱȇ Ɔ˒˒ǘʾ˥Ȫʂɱ˒ ɱʂ̣ Ȅʂɑɑʂ̣ ƭ̰ �ʳʳǘɱǃȪ̭ ڴܿ�ݮڲܿ� Ɔɱǃ vʂǃȇǘݱ�ݱǃ˺ƆɑȪ˥̰ܿ
%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 ýܿ %Ɔ˺ǘʾܪ 6ܿ êƆ˺ɑ̰ܪ Ɔɱǃ ¬ܿ ýƷȚʂɩƭ˺ʾȇܪ ŀǘƷɈކ˒ ˒ǘɑǘƷ˥Ȫʂɱ ˥Țǘʂʾǘɩܩ ĊȚǘ ¬Ɔ̭̣ǘɑɑ ƷʂɩʳƆƷ˥ɱǘ˒˒
ʳʾʂʳǘʾ˥̰ Ȅʂʾ ƭʂ˺ɱǃǘǃ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ ̣Ȫ˥Ț ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ Ȫɱ ƆʾƭȪ˥ʾƆʾ̰
ǃȪɩǘɱ˒Ȫʂɱ˒ܿ Ț˥˥ʳ˒݉݉ܩƆʾ̭Ȫ̝ܿʂʾȇ݉Ɔƭ˒݉ܪڳںڲڲڱܿںڱڹڲ ܿڹڲڱڳ

ݛڴݚ ¬ܿ ,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

ݛڵݚ ¬ܿ ,ʂ˒˥Ɔƭǘɑ Ɔɱǃ �ܿ ¬Ʒ�ɱ˥ʂ˒Țܪ Àɱ %ʂȇʂ̝˒ɈȪȪ Ɔɱǃ ʾǘȇ˺ɑƆʾȪ̀ǘǃ êʂȪɱƷƆʾǘ Ȫɱ˥ǘȇʾƆɑ ʂʳǘʾƆ˥ʂʾ˒ Ȅʂʾ ǃǘ
ñȚƆɩ Ʒʂɩʳɑṷ̈́ǘ˒ ʂɱ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒ܪ¬Ɔ˥Țܿ Śܿܪ ݧڳݦڶڷڳ ܪݧڱڲڱڳݦ ܿڱڳڴݮڸںڳ

ݛڶݚ 6ܿ¬ܿ FȪǃ˺˒ܪ Àɱ ˥Țǘ ʳʾȪɱƷȪʳɑǘ ʂȄ ɑȪɩȪ˥Ȫɱȇ Ɔƭ˒ʂʾʳ˥Ȫʂɱܪ¬Ɔ˥ܿ ýƭܿ ܪݧýܿܿ±ݦ ݧںںݦڸڶ ܪݧڳڷںڲݦ ܿڵڵݮڴڲ
ݛڷݚ 6ܿ¬ܿ FȪǃ˺˒ܪ Àɱ ˥Țǘ ɑȪɩȪ˥Ȫɱȇ ƆɩʳɑȪ˥˺ǃǘ ʳʾȪɱƷȪʳɑǘܪ 6ʂɈɑܿ �ɈƆǃܿ ±Ɔ˺Ɉ ýýýñܪ ڹڶڲ ܪݧڵڷںڲݦ ڸܿںڸݮڵںڸ
ݛڸݚ 6ܿ¬ܿ FȪǃ˺˒ܪ ĊȚǘ ʳʾȪɱƷȪʳɑǘ ʂȄ ɑȪɩȪ˥Ȫɱȇ ƆɩʳɑȪ˥˺ǃǘܪ ę˒ʳܿ ¬Ɔ˥ܿ ±Ɔ˺Ɉܪ ݧݧڸڵڲݦڴݦڵڳ ܪݧںڷںڲݦ ܿڷڶڲݮڲں
ݛڹݚ 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 ݧڸݦڸ ܪݧڸںںڲݦ ܿڲںںݮڸڶں

ݛںݚ ñܿ vȪʳ˥ɩƆȪʾܪ �ܿ �Ȫܪ Ɔɱǃ �ܿ Śʂ˺ܪ ęɱȪ̝ǘʾ˒Ɔɑ ṷ̈́˥ǘɱ˒Ȫʂɱ Ȅʂʾ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ ʂȄ ǃȪ͍ǘʾǘɱ˥ȪƆɑ Ȅʂʾɩ˒ Ɔɱǃ
ƆʳʳɑȪƷƆ˥Ȫʂɱ˒ܪ �ܿ g˺ɱƷ˥ܿ �ɱƆɑܿܪ ڴڷڳ ܪݧڳڲڱڳݦ ܿڳڹڴݮڵڷڴ
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ݛڱڲݚ �ܿ �ƖɱȪƷȚܪ ĺǘƷ˥ʂʾ �ɱƆɑ̰˒Ȫ˒ܪ ýʳʾȪɱȇǘʾܪ ±ụ̈́ ŋʂʾɈܪ ܿڲڱڱڳ
ݛڲڲݚ gܿ �ʂƷȚɩƆɱɱܪ � ƷʂɩʳƆƷ˥ɱǘ˒˒ ʾǘ˒˺ɑ˥ Ȅʂʾ ̝ǘƷ˥ʂʾ ͘ǘɑǃ˒ ̣Ȫ˥Ț ǃȪ̝ǘʾȇǘɱƷǘ Ɔɱǃ Ʒ˺ʾɑ Ȫɱ �ʹ(Ӯ) Ȫɱ̝ʂɑ̝Ȫɱȇ

ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ܪ �ʳʳɑܿ �ɱƆɑܿܪ ڷڷ ܪݧڸںںڲݦ ܿڴڱڳݮںڹڲ
ݛڳڲݚ êܿ �˺Țɱ Ɔɱǃ 6ܿ êƆ˺ɑ̰ܪ ñǘȇ˺ɑƆʾȪ˥̰ ʾǘ˒˺ɑ˥˒ Ȅʂʾ ȇǘɱǘʾƆɑȪ̀ǘǃ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ȪƷ ʳʾʂƭɑǘɩ˒ܪ �ɱƆɑ̰˒Ȫ˒

ܪݧɱȪƷȚ˺¬ݦ ݧڴݦڱڴ ܪݧڱڲڱڳݦ ܿڳڶڳݮڶڳڳ
ݛڴڲݚ ñܿ �ǘȪ˒ܪ �ɱȪ˥ȪƆɑ %ʂ˺ɱǃƆʾ̰ ĺƆɑ˺ǘ êʾʂƭɑǘɩ˒ Ȫɱ ¬Ɔ˥ȚǘɩƆ˥ȪƷƆɑ êȚ̰˒ȪƷ˒ܪ Ċǘ˺ƭɱǘʾܪ ý˥˺˥˥ȇƆʾ˥ܪ ܿڷڹںڲ
ݛڵڲݚ 6ܿ êƆ˺ɑ̰ܪ ±ȪǘǃǘʾȄʾǘʹ˺ǘɱ̀Ɔ˒̰ɩʳ˥ʂ˥ȪɈ ǃǘʾ ¬Ɔ̭̣ǘɑɑݱjɑǘȪƷȚ˺ɱȇ Ȫɩ ȪɱȚʂɩʂȇǘɱǘɱ ˺ɱǃ ƆɱȪ˒ʂ˥ʾʂʳǘɱ

�˺˞ǘɱȇǘƭȪǘ˥ܿ 6Ȫ˒˒ǘʾ˥Ɔ˥Ȫʂɱܪ ęɱȪ̝ǘʾ˒Ȫ˥Ɩ˥ 6˺Ȫ˒ƭ˺ʾȇݱF˒˒ǘɱܪ gƆƷȚƭǘʾǘȪƷȚ ¬Ɔ˥ȚǘɩƆ˥ȪɈܪ Ț˥˥ʳܩ
݉݉ǃ˺ǘʳ˺ƭɑȪƷʂܿ˺ɱȪݱǃ˺Ȫ˒ƭ˺ʾȇݱǘ˒˒ǘɱܿǃǘܪ ܿ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 jǘɱǘʾƆɑȪ̀ǘǃ ǘɑǘƷ˥ʾʂݱɩƆȇɱǘ˥ʂ ˒˥Ɔ˥ȪƷ˒ Ȫɱ ɱʂɱ˒ɩʂʂ˥Ț ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ˒ܪ �ɱƆɑ̰˒Ȫ˒
ܪݧɱȪƷȚ˺¬ݦ ݧڵݦڸڳ ܪݧڸڱڱڳݦ ܿڵڷڵݮڶڳڵ

ݛڸڲݚ 6ܿ êƆ˺ɑ̰ܪ ,ʂɩʳɑǘ˥ǘ ɑʂ̣ Ȅʾǘʹ˺ǘɱƷ̰ Ɔ˒̰ɩʳ˥ʂ˥ȪƷ˒ Ȅʂʾ ˥ȪɩǘݱȚƆʾɩʂɱȪƷ ȇǘɱǘʾƆɑȪ̀ǘǃ ¬Ɔ̭̣ǘɑɑ
ǘʹ˺Ɔ˥Ȫʂɱ˒ Ȫɱ ɱʂɱ˒ɩʂʂ˥Ț ṷ̈́˥ǘʾȪʂʾ ǃʂɩƆȪɱ˒ܪ �˒̰ɩʳ˥ʂ˥ܿ �ɱƆɑܿܪ ݧڵݮڴݦڱڷ ܪݧڹڱڱڳݦ ܿڵڹڲݮڶڳڲ

ݛڹڲݚ 6ܿ êƆ˺ɑ̰ܪ vʂǃȇǘݮvǘɑɩȚʂɑ˥̀ ǃǘƷʂɩʳʂ˒Ȫ˥Ȫʂɱ˒ ʂȄ ̣ǘȪȇȚ˥ǘǃ ýʂƭʂɑǘ̝ ˒ʳƆƷǘ˒ Ȫɱ Ȫʾʾǘȇ˺ɑƆʾ ṷ̈́˥ǘʾȪʂʾ
ǃʂɩƆȪɱ˒ ̣Ȫ˥Ț ȪɱȚʂɩʂȇǘɱǘʂ˺˒ Ɔɱǃ ƆɱȪ˒ʂ˥ʾʂʳȪƷ ɩǘǃȪƆܪ¬Ɔ˥Țܿ ¬ǘ˥Țʂǃ˒ �ʳʳɑܿ ýƷȪܿܪ ڲڴ ܪݧڹڱڱڳݦ
ܿڴڵڶڲݮںڱڶڲ

ݛںڲݚ 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 ݧڳݮڲݦںڸ ܪݧڳڲڱڳݦ
ܿڱڷڲݮڴڴڲ

ݛڱڳݚ 6ܿ êƆ˺ɑ̰ܪ � ȇɑʂƭƆɑ ǃȪ̝ݮƷ˺ʾɑݱɑǘɩɩƆ Ȅʂʾ ɩȪ̭ǘǃ ƭʂ˺ɱǃƆʾ̰ ƷʂɱǃȪ˥Ȫʂɱ˒ Ȫɱ ̣ǘƆɈ �Ȫʳ˒ƷȚȪ˥̀ ǃʂɩƆȪɱ˒
Ɔɱǃ Ɔ Ʒʂʾʾǘ˒ʳʂɱǃȪɱȇ ȇǘɱǘʾƆɑȪ̀ǘǃ ɑǘɩɩƆݱڲ�ݱڱ∗� Ȫɱ vȪɑƭǘʾ˥ ˒ʳƆƷǘ˒ܪ �ɱƆɑ̰˒Ȫ˒ ܪݧɱȪƷȚ˺¬ݦ Ț˥˥ʳ˒ܩ
݉݉Ɔʾ̭Ȫ̝ܿʂʾȇ݉Ɔƭ˒݉ܪںڲڱڱڱܿڸڱڸڲ ܿںڲڱڳ

ݛڲڳݚ 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˥Ȫɩܿܪ Ț˥˥ʳ˒݉݉ܩƆʾ̭Ȫ̝ܿʂʾȇ݉Ɔƭ˒݉ܪڴںںڳڱܿڲڲڷڲ ܿںڲڱڳ

ݛڳڳݚ 6ܿ êƆ˺ɑ̰ Ɔɱǃ ŀܿ Ś˺ɑǘȚɱǘʾܪ ĊȚǘ ǃȪ̝6Ȫ̝ݱƷʂɩʳɑṷ̈́ Ɔɱǃ ƆʳʳɑȪƷƆ˥Ȫʂɱ˒ ˥ʂ ƭȪȚƆʾɩʂɱȪƷ ǘʹ˺Ɔ˥Ȫʂɱ˒ܪ �ʳʳɑܿ
�ɱƆɑܿܪ Ț˥˥ʳ˒݉݉ܩƆʾ̭Ȫ̝ܿʂʾȇ݉Ɔƭ˒݉ܪڴڸڹڶڱܿںڱڷڲ ܿںڲڱڳ

ݛڴڳݚ ñܿ êȪƷƆʾǃܪ ñƆɱǃ̣ǘʾ˥Ɔ˺ȄȇƆƭǘɱ ǃǘʾ ̝ǘʾƆɑɑȇǘɩǘȪɱǘʾ˥ǘɱ êʂ˥ǘɱ˥ȪƆɑ˥ȚǘʂʾȪǘܪ¬Ɔ˥Țܿ ¬ǘ˥Țʂǃ˒ �ʳʳɑܿ
ýƷȪܿܪ ڴ ܪݧڲڹںڲݦ ܿڹڳڳݮڹڲڳ

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

ݛڶڳݚ ñܿ êȪƷƆʾǃܪ ±ܿ ŀǘƷɈܪ Ɔɱǃ ܿ�ݱܿ� 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 ڲڳ ܪݧڲڱڱڳݦ ܿڴڷڳݮڲڴڳ

ݛڷڳݚ Fܿ¬ܿ ý˥ǘȪɱܪ ýȪɱȇ˺ɑƆʾ �ɱ˥ǘȇʾƆɑ˒ Ɔɱǃ 6Ȫ͍ǘʾǘɱ˥ȪƆƭȪɑȪ˥̰ êʾʂʳǘʾ˥Ȫǘ˒ ʂȄ g˺ɱƷ˥Ȫʂɱ˒ܪ êʾȪɱƷǘ˥ʂɱ ęɱȪ̝ǘʾ˒Ȫ˥̰
êʾǘ˒˒ܪ êʾȪɱƷǘ˥ʂɱܪ ±ụ̈́ �ǘʾ˒ṵ̈́ܪ ܿڱڸںڲ

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

ݛڹڳݚ ±ܿ ŀǘƷɈܪ ġƭǘʾ ǃȪǘ �ʂɩʳƆɈ˥ȚǘȪ˥ ǃǘ˒ �ʒ˒˺ɱȇ˒ʂʳǘʾƆ˥ʂʾ˒ ̀˺ ǃǘɱ ¬Ɔ̭̣ǘɑɑ˒ƷȚǘɱ jɑǘȪƷȚ˺ɱȇǘɱܪ
%ܿ �ܿ ݮ vʂƷȚ˒ƷȚ˺ɑ˥Ɔ˒ƷȚǘɱƭ̃ƷȚǘ ʾܪ %ȪƭɑȪʂȇʾƆʳȚȪ˒ƷȚǘ˒ �ɱ˒˥ܿܪ ¬ƆɱɱȚǘȪɩܪ ڶڳڸ ܪݧڳڸںڲݦ ܿڶڶݮڲڵ

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

ݛڱڴݚ ±ܿ ŀǘƷɈܪ �ʂƷƆɑ ƷʂɩʳƆƷ˥ɱǘ˒˒ Ȅʂʾ ɑȪɱǘƆʾ ǘɑƆ˒˥ȪƷȪ˥̰ Ȫɱ Ȫʾʾǘȇ˺ɑƆʾ ǃʂɩƆȪɱ˒ܪ¬Ɔ˥Țܿ ¬ǘ˥Țʂǃ˒ �ʳʳɑܿ
ýƷȪܿܪ ڸڲ ܪݧڵںںڲݦ ܿڴڲڲݮڸڱڲ

ݛڲڴݚ ±ܿ ŀǘƷɈܪ ĊʾƆƷǘ˒ ʂȄ ǃȪ͍ǘʾǘɱ˥ȪƆɑ Ȅʂʾɩ˒ ʂɱ �Ȫʳ˒ƷȚȪ˥̀ ƭʂ˺ɱǃƆʾȪǘ˒ܪ �ɱƆɑ̰˒Ȫ˒ ܪݧɱȪƷȚ˺¬ݦ ڵڳ ܪݧڵڱڱڳݦ
ܿںڷڲݮڸڵڲ

ݛڳڴݚ ܿ�ݱܿ� ŀȪ˥˒ƷȚܪ � ʾǘɩƆʾɈ ʂɱ Ɔ ƷʂɩʳƆƷ˥ɱǘ˒˒ ʾǘ˒˺ɑ˥ Ȫɱ ǘɑǘƷ˥ʾʂɩƆȇɱǘ˥ȪƷ ˥Țǘʂʾ̰ܪ¬Ɔ˥Țܿ ¬ǘ˥Țʂǃ˒ �ʳʳɑܿ
ýƷȪܿܪ ڷڲ ܪݧڴںںڲݦ ܿںڳڲݮڴڳڲ
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