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ϑϡϢϯϳϡ ϰϱϯϹϬϡ ϡϰϱϯϢϡϷϩϿ ϣ ϕϦϥϦϱϡϬϽϮϯϭ ϤϯϲϴϥϡϱϲϳϣϦϮϮϯϭ ϡϣϳϯϮϯϭϮϯϭ ϯϢϱϡϨϯ�
ϣϡϳϦϬϽϮϯϭ ϴϸϱϦϧϥϦϮϩϩ ϣϼϲϹϦϤϯ ϯϢϱϡϨϯϣϡϮϩЀ mύϯϲϫϯϣϲϫϩϪ ϵϩϨϩϫϯ�ϳϦ϶ϮϩϸϦϲϫϩϪ
ϩϮϲϳϩϳϴϳ �ϮϡϷϩϯϮϡϬϽϮϼϪ ϩϲϲϬϦϥϯϣϡϳϦϬϽϲϫϩϪ ϴϮϩϣϦϱϲϩϳϦϳ�}�

ώϡϴϸϮϼϪ ϱϴϫϯϣϯϥϩϳϦϬϽ� ϫϡϮϥϩϥϡϳ ϵϩϨϩϫϯ�ϭϡϳϦϭϡϳϩϸϦϲϫϩ϶ Ϯϡϴϫ
ςϴϱϷϦϣ ύϩ϶ϡϩϬ ϒϦϱϤϦϦϣϩϸ

σϦϥϴϺϡЀ ϯϱϤϡϮϩϨϡϷϩЀ� ϕϦϥϦϱϡϬϽϮϯϦ ϤϯϲϴϥϡϱϲϳϣϦϮϮϯϦ ϢϿϥϧϦϳϮϯϦ ϴϸϱϦϧϥϦ�
ϮϩϦ Ϯϡϴϫϩ ωϮϲϳϩϳϴϳ ϰϱϯϢϬϦϭ ϰϦϱϦϥϡϸϩ ϩϮϵϯϱϭϡϷϩϩ
ϩϭ� ρ�ρ� ϖϡϱϫϦϣϩϸϡ ϑϯϲϲϩϪϲϫϯϪ ϡϫϡϥϦϭϩϩ Ϯϡϴϫ �ωϐ�
ϐω ϑρώ�

ψϡϺϩϳϡ ϲϯϲϳϯϩϳϲЀ �� ϥϦϫϡϢϱЀ ���� Ϥ� ϣ �� ϸϡϲϯϣ Ϯϡ ϨϡϲϦϥϡϮϩϩ ϥϩϲϲϦϱϳϡϷϩϯϮϮϯϤϯ
ϲϯϣϦϳϡ ϕϐύω������������� ϰϯ ϡϥϱϦϲϴ� ������� ύϯϲϫϯϣϲϫϡЀ ϯϢϬϡϲϳϽ� Ϥ� υϯϬϤϯ�
ϰϱϴϥϮϼϪ� ωϮϲϳϩϳϴϳϲϫϩϪ ϰϦϱϦϴϬϯϫ� ϥ���

ϒ ϥϩϲϲϦϱϳϡϷϩϦϪ ϭϯϧϮϯ ϯϨϮϡϫϯϭϩϳϽϲЀ ϣ ϢϩϢϬϩϯϳϦϫϦ ϩ Ϯϡ ϲϡϪϳϦ ύϯϲ�
ϫϯϣϲϫϯϤϯ ϵϩϨϩϫϯ�ϳϦ϶ϮϩϸϦϲϫϯϤϯ ϩϮϲϳϩϳϴϳϡ �ϮϡϷϩϯϮϡϬϽϮϯϤϯ ϩϲϲϬϦϥϯϣϡ�
ϳϦϬϽϲϫϯϤϯ ϴϮϩϣϦϱϲϩϳϦϳϡ� KWWSV���PLSW�UX�HGXFDWLRQ�SRVW�JUDGXDWH�
VRLVNDWHOL�WHNKQLFKHVNLH�QDXNL�SKS�

ϑϡϢϯϳϡ ϰϱϦϥϲϳϡϣϬϦϮϡ �� ϯϫϳЀϢϱЀ ���� Ϥ� ϣ ρϳϳϦϲϳϡϷϩϯϮϮϴϿ ϫϯϭϩϲϲϩϿ ϵϦϥϦ�
ϱϡϬϽϮϯϤϯ ϤϯϲϴϥϡϱϲϳϣϦϮϮϯϤϯ ϡϣϳϯϮϯϭϮϯϤϯ ϯϢϱϡϨϯϣϡϳϦϬϽϮϯϤϯ ϴϸϱϦϧϥϦϮϩЀ ϣϼϲϹϦϤϯ
ϯϢϱϡϨϯϣϡϮϩЀ mύϯϲϫϯϣϲϫϩϪ ϵϩϨϩϫϯ�ϳϦ϶ϮϩϸϦϲϫϩϪ ϩϮϲϳϩϳϴϳ �ϮϡϷϩϯϮϡϬϽϮϼϪ ϩϲϲϬϦ�
ϥϯϣϡϳϦϬϽϲϫϩϪ ϴϮϩϣϦϱϲϩϳϦϳ�} ϥϬЀ ϱϡϲϲϭϯϳϱϦϮϩЀ ϲϯϣϦϳϯϭ ϰϯ ϨϡϺϩϳϦ ϥϩϲϲϦϱϳϡϷϩϪ
Ϯϡ ϲϯϩϲϫϡϮϩϦ ϴϸϦϮϯϪ ϲϳϦϰϦϮϩ ϫϡϮϥϩϥϡϳϡ Ϯϡϴϫ� ϥϯϫϳϯϱϡ Ϯϡϴϫ ϣ ϲϯϯϳϣϦϳϲϳϣϩϩ ϲ ϰ�
��� ϲϳ� � ϕϦϥϦϱϡϬϽϮϯϤϯ ϨϡϫϯϮϡ mϏ ϮϡϴϫϦ ϩ ϤϯϲϴϥϡϱϲϳϣϦϮϮϯϪ ϮϡϴϸϮϯ�ϳϦ϶ϮϩϸϦϲϫϯϪ
ϰϯϬϩϳϩϫϦ}�
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ϏϢϺϡЀ ϶ϡϱϡϫϳϦϱϩϲϳϩϫϡ ϱϡϢϯϳϼ

ρϫϳϴϡϬϽϮϯϲϳϽ ϳϦϭϼ� ϒϦϪϸϡϲ ϲϴϺϦϲϳϣϴϦϳ ϭϮϯϧϦϲϳϣϯ ϰϱϯϤϱϡϭϭ ϥϬЀ ϯϢϭϦϮϡ ϲϯ�
ϯϢϺϦϮϩЀϭϩ� ϫϯϳϯϱϼϭϩ ϰϯϬϽϨϴϿϳϲЀ ϣϯ ϣϲϦϭ ϭϩϱϦ� ώϡϰϱϩϭϦϱ� ϢϡϨϡ ϰϯϬϽϨϯϣϡϳϦϬϦϪ
ϰϱϯϤϱϡϭϭϼ ϓϦOHJUDP ϲϯϲϳϡϣϬЀϦϳ ϢϯϬϦϦ ��� ϭϩϬϬϩϯϮϯϣ ϡϫϳϩϣϮϼ϶ ϰϯϬϽϨϯϣϡϳϦϬϦϪ
ϰϯ ϲϯϲϳϯЀϮϩϿ Ϯϡ ϡϰϱϦϬϽ ���� Ϥϯϥϡ� ϋϯϭϰϡϮϩϩ ϣϯϣϲϿ ϩϲϰϯϬϽϨϴϿϳ Ͼϳϯϳ ϫϡϮϡϬ ϥϬЀ
ϫϯϭϭϴϮϩϫϡϷϩϩ ϲ ϫϬϩϦϮϳϡϭϩ� ϒϳϯϩϳ Ϩϡϥϡϸϡ ϡϣϳϯϭϡϳϩϨϡϷϩϩ ϳϡϫϯϪ ϫϯϭϭϴϮϩϫϡϷϩϩ�
ϳ�ϫ� Ϩϡϰϱϯϲϼ ϰϯϬϽϨϯϣϡϳϦϬϦϪ ϸϡϲϳϯ ϮϯϲЀϳ ϯϥϮϯϳϩϰϮϼϪ ϶ϡϱϡϫϳϦϱ� ώϡ ϲϦϤϯϥϮЀϹϮϩϪ
ϥϦϮϽ ϰϯϰϴϬЀϱϮϼ ϤϯϬϯϲϯϣϼϦ ϡϲϲϩϲϳϦϮϳϼ� ϮϡϰϱϩϭϦϱ� $PD]RQ $OH[D� $SSOH 6LUL� ϠϮ�
ϥϦϫϲρϬϩϲϡ� ϒ Ϯϩϭϩ ϸϦϬϯϣϦϫ ϭϯϧϦϳ ϯϢϺϡϳϽϲЀ Ϯϡ ϲϣϯϢϯϥϮϼϦ ϳϦϭϼϩϬϩ ϥϬЀ ϱϦϹϦϮϩЀ
ϰϯϣϲϦϥϮϦϣϮϼ϶ Ϩϡϥϡϸ� ϳϡϫϩ϶ ϫϡϫ ϨϡϫϡϨ ϳϡϫϲϩ� ϢϱϯϮϩϱϯϣϡϮϩЀ ϲϳϯϬϩϫϡ ϣ ϱϦϲϳϯϱϡϮϦ
ϩ ϳ�ϰ�

ϋϱϯϭϦ ϫϯϭϭϦϱϸϦϲϫϯϤϯ ϩϮϳϦϱϦϲϡ� ϣ ϰϯϲϬϦϥϮϩϦ Ϥϯϥϼ ϢϼϬϯ ϯϱϤϡϮϩϨϯϣϡϮϯ ϭϮϯ�
ϧϦϲϳϣϯ ϲϯϱϦϣϮϯϣϡϮϩϪ ϰϯ ϲϯϨϥϡϮϩϿ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ� σ ���� Ϥϯϥϴ ϣϰϦϱϣϼϦ ϢϼϬ
ϰϱϯϣϦϥϦϮ $OH[D 3UL]H &KDOOHQJH � ϲϯϱϦϣϮϯϣϡϮϩϦ �ϫϯϮϳϦϲϳ�� ϷϦϬϽϿ ϫϯϳϯϱϯϤϯ ЀϣϬЀ�
ϦϳϲЀ ϱϡϨϱϡϢϯϳϫϡ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ �ϸϡϳ�Ϣϯϳϡ� Ϣϯϳϡ� ϲϰϯϲϯϢϮϯϤϯ ϣϦϲϳϩ ϥϩϡϬϯϤ ϲ
ϸϦϬϯϣϦϫϯϭ Ϯϡ ϱϡϨϮϼϦ ϳϦϭϼ� ϑϡϨϱϡϢϯϳϫϡ ϳϡϫϯϤϯ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϳϱϦϢϴϦϳ ϩϲ�
ϰϯϬϽϨϯϣϡϮϩЀ ϨϮϡϮϩϪ ϱϡϨϮϼ϶ ϥϩϲϷϩϰϬϩϮ� ϳϡϫϩ϶ ϫϡϫ ϫϯϭϰϽϿϳϦϱϮϡЀ ϬϩϮϤϣϩϲϳϩϫϡ�
ϰϱϯϤϱϡϭϭϮϡЀ ϩϮϧϦϮϦϱϩЀ� ϩϲϫϴϲϲϳϣϦϮϮϼϪ ϩϮϳϦϬϬϦϫϳ� ϒ ���� Ϥϯϥϡ ϰϱϯϣϯϥϩϳϲЀ $,
/RHEQHU � ϦϧϦϤϯϥϮϼϪ ϫϯϮϳϦϲϳ� ϣ ϫϯϳϯϱϯϭ ϮϦϯϢ϶ϯϥϩϭϯ ϱϡϨϱϡϢϯϳϡϳϽ ϥϩϡϬϯϤϯϣϯϤϯ
ϡϤϦϮϳϡ� ϲϰϯϲϯϢϮϯϤϯ ϰϱϯϪϳϩ ϓϦϲϳ ϓϽϿϱϩϮϤϡ� σ ���� Ϥϯϥϴ ϰϱϯϹϦϬ ϰϦϱϣϼϪ &RQY$,
� 7KH &RQYHUVDWLRQDO ,QWHOOLJHQFH &KDOOHQJH� ϤϥϦ ϳϱϦϢϯϣϡϬϯϲϽ ϱϡϨϱϡϢϯϳϡϳϽ ϸϡϳ�Ϣϯϳϡ
ϣϦϥϴϺϦϤϯ ϥϩϡϬϯϤ ϯ ϨϡϥϡϮϮϯϭ ϰϡϱϡϤϱϡϵϦ ϳϦϫϲϳϡ ϲ ϸϦϬϯϣϦϫϯϭ� σ ���� Ϥϯϥϴ ϰϱϯϹϬϯ
ϣϳϯϱϯϦ ϳϡϫϯϦ ϲϯϱϦϣϮϯϣϡϮϩϦ� ϤϥϦ ϣ ϯϳϬϩϸϩϦ ϯϳ ϰϦϱϣϯϤϯ� Ϣϯϳϴ ϰϱϩϲϴϧϥϡϬϯϲϽ ϲϬϴ�
ϸϡϪϮϯϦ ϯϰϩϲϡϮϩϦ ϦϤϯ ϬϩϸϮϯϲϳϩ�

ώϦϲϭϯϳϱЀ Ϯϡ ϣϦϲϽ ϰϱϯϤϱϦϲϲ� $, /RHEQHU ϰϱϯϥϯϬϧϡϦϳϲЀ� ϳ�Ϧ� ϓϦϲϳ ϓϽϿϱϩϮϤϡ
ϮϦ ϰϱϯϪϥϦϮ� ϬϴϸϹϩϪ ϥϩϡϬϯϤϯϣϼϪ ϡϤϦϮϳ $OH[D 3UL]H ���� ϰϯϫϡϨϼϣϡϦϳ ϯϷϦϮϫϴ ���
ϩϨ � ϰϯ ϱϦϨϴϬϽϳϡϳϡϭ ϵϩϮϡϬϽϮϯϪ ϯϷϦϮϫϩ ϲϴϥϦϪ� ϐϯϬϮϯϪ ϡϣϳϯϭϡϳϩϨϡϷϩϩ ϫϬϩϦϮϳ�
ϲϫϯϪ ϰϯϥϥϦϱϧϫϩ ϥϯϢϩϳϽϲЀ ϮϦ ϴϥϡϦϳϲЀ� ϡ ϤϯϬϯϲϯϣϼϦ ϡϲϲϩϲϳϦϮϳϼ ϸϡϲϳϯ ϯϹϩϢϡϿϳϲЀ
ϩ ϱϡϨϯϸϡϱϯϣϼϣϡϿϳ ϫϯϮϦϸϮϼ϶ ϰϯϬϽϨϯϣϡϳϦϬϦϪ�

ώϡ ϳϦϫϴϺϩϪ ϭϯϭϦϮϳ ϰϱϯϤϱϡϭϭϮϼϪ ϫϯϥ ϰϱϡϫϳϩϸϦϲϫϩ ϫϡϧϥϯϤϯ ϥϩϡϬϯϤϯϣϯϤϯ
ϡϤϦϮϳϡ ϴϮϩϫϡϬϦϮ� ώϡϰϱϩϭϦϱ� Ϯϩ ϯϥϩϮ ϩϨ ϴϸϡϲϳϮϩϫϯϣ $OH[D 3UL]H ϮϦ ϣϼϫϬϡϥϼϣϡϬ
ϩϲ϶ϯϥϮϼϪ ϫϯϥ ϣ ϯϳϫϱϼϳϼϪ ϥϯϲϳϴϰ� ώϡ϶ϯϥЀϺϩϦϲЀ ϧϦ ϥϩϡϬϯϤϯϣϼϦ ϡϤϦϮϳϼ ϲ ϯϳϫϱϼ�
ϳϼϭ ϩϲ϶ϯϥϮϼϭ ϫϯϥϯϭ ϰϬϯ϶ϯ ϥϯϫϴϭϦϮϳϩϱϯϣϡϮϼ ϩ ϳЀϧϦϬϯ ϱϡϲϹϩϱЀϦϭϼ� ώϡϬϩϸϩϦ
ϤϩϢϫϯϤϯ� ϴϮϩϣϦϱϲϡϬϽϮϯϤϯ ϩ ϯϳϫϱϼϳϯϤϯ ϰϱϯϤϱϡϭϭϮϯϤϯ ϵϱϦϪϭϣϯϱϫϡ ϥϬЀ ϲϯϨϥϡϮϩЀ
ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ� ϰϯϨϣϯϬϩϬϯ Ϣϼ ϱϡϨϱϡϢϯϳϸϩϫϡϭ ϲϳϯЀϳϽߧ Ϯϡ ϰϬϦϸϡ϶ ϤϩϤϡϮϳϯϣߨ�
ϡ ϮϦ ϮϡϸϩϮϡϳϽ ϫϡϧϥϼϪ ϱϡϨ ϱϡϨϱϡϢϯϳϫϴ ϲ ϮϴϬЀ�

ϏϥϮϯϪ ϩϨ ϯϲϮϯϣϮϼ϶ Ϩϡϥϡϸ ϣ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϡ϶ ЀϣϬЀϦϳϲЀ Ϩϡϥϡϸϡ ϰϯϲϳϱϯ�
ϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ� υϩϡϬϯϤϯϣϼϪ ϭϦϮϦϥϧϦϱ ϯϳϣϦϸϡϦϳ Ϩϡ ϳϯ� ϸϳϯ Ϣϯϳ
ϥϯϬϧϦϮ ϥϦϬϡϳϽ Ϯϡ ϳϦϫϴϺϦϭ ϹϡϤϦ ϣ ϥϩϡϬϯϤϦ� ϏϢϼϸϮϯ ϣ ϮϡϸϡϬϦ ϱϡϨϱϡϢϯϳϫϩ ϯϳϲϴϳ�
ϲϳϣϴϿϳ ϥϡϮϮϼϦ ϯ ϥϩϡϬϯϤϡ϶ ϩϨ�Ϩϡ ϸϦϤϯ ϣϯϨϮϩϫϡϦϳ ϰϱϯϢϬϦϭϡ ϶ϯϬϯϥϮϯϤϯ ϲϳϡϱϳϡ� Ϟϳϯ
ϨϡϭϦϥϬЀϦϳ ϩ ϴϣϦϬϩϸϩϣϡϦϳ ϲϳϯϩϭϯϲϳϽ ϱϡϨϱϡϢϯϳϫϩ Ϣϯϳϡ� ϩϨ�Ϩϡ ϮϦϯϢ϶ϯϥϩϭϯϲϳϩ ϱϡϨ�
ϭϦϸϡϳϽ ϥϡϮϮϼϦ ϩ ϩϲϰϯϬϽϨϯϣϡϳϽ Ͼϣϱϩϲϳϩϫϩ�

�



ρϮϡϬϩϨ ϰϦϱϦ϶ϯϥϯϣ ϭϦϧϥϴ ϱϦϰϬϩϫϡϭϩ ЀϣϬЀϦϳϲЀ ϰϦϱϣϯϪ ϲϳϴϰϦϮϽϿ ϣ ϲϯϨϥϡ�
Ϯϩϩ ϲϣЀϨϡϮϮϯϤϯ ϥϩϡϬϯϤϡ� ϐϯ ϮϦϭϴ ϭϯϧϮϯ ϰϯϮЀϳϽ ϫϡϫϯϪ ϰϦϱϦ϶ϯϥ ϢϼϬ ϴϥϡϸϮϼϭ� ϡ
ϫϡϫϯϪ ϮϦϳ ϩ ϲϫϯϱϱϦϫϳϩϱϯϣϡϳϽ ϦϤϯ� ϑϡϨϮϯϯϢϱϡϨϩϦ ϫϯϮϳϦϫϲϳϯϣ ϣ ϥϩϡϬϯϤϡ϶� ϫϯϳϯϱϯϦ
ϣϯϨϮϩϫϡϦϳ ϰϱϩ ϯϢϺϦϮϩϩ ϸϦϬϯϣϦϫϡ ϩ Ϣϯϳϡ ϯϤϱϯϭϮϯϦ� ϰϯϾϳϯϭϴ ϰϯϬϦϨϮϯ ϰϱϦϥϲϳϡϣϬϦ�
ϮϩϦ ϥϩϡϬϯϤϯϣϼ϶ ϥϡϮϮϼ϶ ϣ ϣϩϥϦ Ϥϱϡϵϡ� σϦϱϹϩϮϡ Ϥϱϡϵϡ � ϲϦϭϡϮϳϩϸϦϲϫϩ ϨϮϡϸϩϭϯϦ
ϰϱϦϥϲϳϡϣϬϦϮϩϦ ϫϯϮϳϦϫϲϳϯϣ� ϮϡϰϱϩϭϦϱ� �ߨϐϱϩϣϦϳϲϳϣϩϦߧ ߨψϮϡϫϯϭϲϳϣϯߧ ϩ ϳ�ϰ� ϑϦϢ�
ϱϯ � ϰϦϱϦ϶ϯϥ ϭϦϧϥϴ ϣϦϱϹϩϮϡϭϩ� ωϭϦЀ ϡϬϤϯϱϩϳϭ ϰϯϲϳϱϯϦϮϩЀ ϳϡϫϯϤϯ Ϥϱϡϵϡ ϭϯϧϮϯ
ϾϵϵϦϫϳϩϣϮϦϦ ϡϮϡϬϩϨϩϱϯϣϡϳϽ ϢϯϬϽϹϩϦ ϥϩϡϬϯϤϯϣϼϦ ϫϯϱϰϴϲϡ� ϡ ϣ ϰϦϱϲϰϦϫϳϩϣϦ ϡϣϳϯ�
ϭϡϳϩϸϦϲϫϩ ϲϳϱϯϩϳϽ ϬϯϤϩϫϴ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ�

ϗϦϬϽϿ ϥϡϮϮϯϪ ϱϡϢϯϳϼ ЀϣϬЀϦϳϲЀ ϱϡϨϱϡϢϯϳϫϡ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϲϰϯϲϯϢϮϯ�
Ϥϯ ϣϦϲϳϩ ϥϩϡϬϯϤ ϲ ϸϦϬϯϣϦϫϯϭ ϣ ϱϡϭϫϡ϶ ϯϰϱϦϥϦϬϦϮϮϯϤϯ ϫϯϮϳϦϫϲϳϡ� ϡ ϳϡϫϧϦ ϭϦϳϯϥϡ
ϰϯϲϳϱϯϦϮϩЀ ϩ ϩϲϰϯϬϽϨϯϣϡϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ ϥϬЀ ϣϩϨϴϡϬϩϨϡϷϩϩ ϩ ϴϬϴϸϹϦϮϩЀ
ϫϡϸϦϲϳϣϡ ϥϩϡϬϯϤϡ�

υϬЀ ϥϯϲϳϩϧϦϮϩЀ ϰϯϲϳϡϣϬϦϮϮϯϪ ϷϦϬϩ ϮϦϯϢ϶ϯϥϩϭϯ ϢϼϬϯ ϱϦϹϩϳϽ ϲϬϦϥϴϿϺϩϦ
Ϩϡϥϡϸϩ�

�� ϏϢϨϯϱ ϲϯϣϱϦϭϦϮϮϼ϶ ϭϦϳϯϥϯϣ ϰϯϲϳϱϯϦϮϩЀ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ�
�� ϑϡϨϱϡϢϯϳϫϡ ϩ ϩϲϲϬϦϥϯϣϡϮϩϦ ϡϱ϶ϩϳϦϫϳϴϱ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ�
�� ϒϯϨϥϡϮϩϦ ϩ ϩϲϲϬϦϥϯϣϡϮϩϦ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ ϲ ϱϦϹϦϮϩϦϭ ϰϱϯϢϬϦϭϼ

϶ϯϬϯϥϮϯϤϯ ϲϳϡϱϳϡ�
�� ϑϡϨϱϡϢϯϳϫϡ ϰϱϯϤϱϡϭϭϮϯϤϯ ϫϯϭϰϬϦϫϲϡ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ�
�� ϏϷϦϮϫϡ ϫϡϸϦϲϳϣϡ ϱϡϨϱϡϢϯϳϡϮϮϯϤϯ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ�
�� ρϮϡϬϩϨ ϥϩϡϬϯϤϯϣ ϰϱϯϣϦϥϦϮϮϼ϶ ϥϩϡϬϯϤϯϣϼϭ ϡϤϦϮϳϯϭ�
�� ωϲϲϬϦϥϯϣϡϮϩϦ ϭϦϳϯϥϯϣ ϰϯϲϳϱϯϦϮϩЀ ϩ ϩϲϰϯϬϽϨϯϣϡϮϩЀ ϥϩϡϬϯϤϯϣϼ϶ Ϥϱϡϵϯϣ

ϣ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϦ�

ώϡϴϸϮϡЀ ϮϯϣϩϨϮϡ�

�� ϑϡϨϱϡϢϯϳϡϮϡ ϩ ϩϲϲϬϦϥϯϣϡϮϡ ϾϵϵϦϫϳϩϣϮϡЀ ϩ ϥϯϫϡϨϡϣϹϡЀ ϲϣϯϿ ϲϯϲϳϯ�
ЀϳϦϬϽϮϯϲϳϽ ϣ ϥϣϴ϶ ϲϯϱϦϣϮϯϣϡϮϩЀ϶� ϡϱ϶ϩϳϦϫϳϴϱϡ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ�
ϲϰϯϲϯϢϮϯϤϯ ϣϦϲϳϩ ϱϡϨϤϯϣϯϱ ϣ ϯϰϱϦϥϦϬϦϮϮϯϭ ϫϯϮϳϦϫϲϳϦ�

�� ϑϡϨϱϡϢϯϳϡϮ ϩ ϩϲϲϬϦϥϯϣϡϮ ϥϩϡϬϯϤϯϣϼϪ ϭϦϮϦϥϧϦϱ� ϱϦϹϡϿϺϩϪ ϰϱϯϢϬϦϭϴ
϶ϯϬϯϥϮϯϤϯ ϲϳϡϱϳϡ� ϩϲϰϯϬϽϨϴϿϺϩϪ ϭϦϳϯϥϼ ϯϢϴϸϦϮϩЀ ϲ ϴϸϩϳϦϬϦϭ�

�� ϑϡϨϱϡϢϯϳϡϮ ϩ ϩϲϲϬϦϥϯϣϡϮ ϭϦϳϯϥ ϰϯϲϳϱϯϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ ϩϨ ϥϩϡ�
ϬϯϤϯϣϯϤϯ ϫϯϱϰϴϲϡ� ϫϯϳϯϱϼϪ ЀϣϬЀϦϳϲЀ ϩϮϲϳϱϴϭϦϮϳϯϭ ϣϩϨϴϡϬϩϨϡϷϩϩ ϩ ϩϲ�
ϳϯϸϮϩϫϯϭ ϰϱϩϨϮϡϫϯϣ� ϫϯϳϯϱϼϦ ϴϬϴϸϹϡϿϳ ϫϡϸϦϲϳϣϯ Ϯϡ ϷϦϬϦϣϯϪ ϨϡϥϡϸϦ�

�� ϒϯϨϥϡϮϼ ϩ ϡϰϱϯϢϩϱϯϣϡϮϼ ϫϯϭϰϬϦϫϲϼ ϰϱϯϤϱϡϭϭ� ϣϫϬϿϸϡϿϺϩ϶ ϣ ϲϦϢЀ ϫϡϫ
ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϣ ϷϦϬϯϭ� ϳϡϫ ϩ ϦϤϯ ϯϳϥϦϬϽϮϼϦ ϫϯϭϰϯϮϦϮϳϼ�

ϐϱϡϫϳϩϸϦϲϫϡЀ ϨϮϡϸϩϭϯϲϳϽ ϑϡϨϱϡϢϯϳϡϮϮϼϪ ϥϩϡϬϯϤϯϣϼϪ ϡϤϦϮϳ ϰϯϫϡϨϡϬ
ϰϱϡϫϳϩϸϦϲϫϴϿ ϨϮϡϸϩϭϯϲϳϽ ϨϡϮЀϣ � ϭϦϲϳϯ Ϯϡ ϲϯϱϦϣϮϯϣϡϮϩϩ &RQY$, � ϩ ϣϯϪϥЀ ϣ
ϳϱϯϪϫϴ ϬϴϸϹϩ϶ Ϯϡ ϾϳϡϰϦ ϶ϡϫϡϳϯϮϡ ϣ &RQY$, �� ϓϡϫϧϦ ϩϥϦϩ ϰϱϦϥϬϯϧϦϮϮϼϦ ϣ ϮϦϭ
ϰϯϬϴϸϩϬϩ ϥϡϬϽϮϦϪϹϦϦ ϱϡϨϣϩϳϩϦ ϣ $OH[D 3UL]H ����� ϋϯϭϰϯϮϦϮϳ ϰϯ ϤϦϮϦϱϡϷϩϩ
ϣϯϰϱϯϲϯϣ ϢϼϬ ϩϲϰϯϬϽϨϯϣϡϮ ϣ ϫϯϭϭϦϱϸϦϲϫϯϭ ϰϱϯϦϫϳϦ $XWRIDT�DL� ϐϱϯϤϱϡϭϭϮϼϪ

�



ϫϯϭϰϬϦϫϲ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϥϯϫϴϭϦϮϳϩϱϯϣϡϮ ϩ Ϯϡ϶ϯϥϩϳϲЀ ϣ ϯϳϫϱϼϳϯϭ ϥϯϲϳϴϰϦ
ϰϯϥ ϲϣϯϢϯϥϮϯϪ ϬϩϷϦϮϨϩϦϪ�

ύϦϳϯϥϯϬϯϤϩЀ ϩ ϭϦϳϯϥϼ ϩϲϲϬϦϥϯϣϡϮϩЀ� σ ϥϩϲϲϦϱϳϡϷϩϩ ϰϱϩϭϦϮЀϬϩϲϽ ϭϦ�
ϳϯϥϼ ϫϯϭϰϽϿϳϦϱϮϯϪ ϬϩϮϤϣϩϲϳϩϫϩ� ϭϡϹϩϮϮϯϤϯ ϯϢϴϸϦϮϩЀ� ϩϲϫϴϲϲϳϣϦϮϮϯϤϯ ϩϮϳϦϬ�
ϬϦϫϳϡ� ϰϱϯϤϱϡϭϭϮϯϪ ϩϮϧϦϮϦϱϩϩ�

ϏϲϮϯϣϮϼϦ ϰϯϬϯϧϦϮϩЀ� ϣϼϮϯϲϩϭϼϦ Ϯϡ ϨϡϺϩϳϴ�

�� ϑϡϨϱϡϢϯϳϡϮ ϥϩϡϬϯϤϯϣϼϪ ϡϤϦϮϳ ϣϦϥϴϺϩϪ ϱϡϨϤϯϣϯϱ ϣ ϯϰϱϦϥϦϬϦϮϮϯϭ ϫϯϮ�
ϳϦϫϲϳϦ� ϐϯϫϡϨϡϮϡ ϲϰϯϲϯϢϮϯϲϳϽ ϰϯϥϥϦϱϧϩϣϡϳϽ ϫϡϫ ϫϯϮϳϦϫϲϳ ϣ ϲϭϼϲϬϦ
ϯϢϲϴϧϥϦϮϩЀ ϯϰϱϦϥϦϬϦϮϮϯϤϯ ϳϦϫϲϳϡ� ϳϡϫ ϩ ϫϯϮϳϦϫϲϳ ϣ ϲϭϼϲϬϦ ϯϰϩϲϡϮϩЀ
ϰϦϱϲϯϮϡϬϩϩ ϡϤϦϮϳϡ�

�� ϑϡϨϱϡϢϯϳϡϮ ϡϥϡϰϳϩϱϯϣϡϮϮϼϪ ϰϯϥ ϶ϯϬϯϥϮϼϪ ϲϳϡϱϳ ϥϩϡϬϯϤϯϣϼϪ ϭϦϮϦϥϧϦϱ�
υϬЀ ϦϤϯ ϱϡϢϯϳϼ ϳϱϦϢϴϿϳϲЀ ϳϯϬϽϫϯ ϥϡϮϮϼϦ ϲϡϭϩ϶ Ϯϡϣϼϫϯϣ� ϬϩϢϯ ϮϦϲϫϯϬϽ�
ϫϯ ϰϯϥϤϯϳϯϣϬϦϮϮϼ϶ ϵϱϡϨ�

�� ϐϱϦϥϬϯϧϦϮ ϭϦϳϯϥ ϰϯϲϳϱϯϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ ϩϨ ϥϩϡϬϯϤϯϣϯϤϯ ϫϯϱ�
ϰϴϲϡ� ϫϯϳϯϱϼϪ ЀϣϬЀϦϳϲЀ ϰϯϬϦϨϮϼϭ ϩϮϲϳϱϴϭϦϮϳϯϭ ϣϩϨϴϡϬϩϨϡϷϩϩ� ϐϱϦϥ�
ϬϯϧϦϮϮϼϪ ϭϦϳϯϥ ϰϱϩϭϦϮϩϭ ϥϬЀ ϫϯϱϰϴϲϯϣ ϱϡϨϮϼ϶ ϱϡϨϭϦϱϯϣ ϩ ϳϦϭϡϳϩϫ�
υϩϡϬϯϤϯϣϼϪ Ϥϱϡϵ ϳϡϫϧϦ ЀϣϬЀϦϳϲЀ ϩϲϳϯϸϮϩϫϯϭ ϰϯϬϦϨϮϼ϶ ϰϱϩϨϮϡϫϯϣ�
ϴϬϴϸϹϡϿϺϩϦ ϫϡϸϦϲϳϣϯ Ϯϡ ϷϦϬϦϣϯϪ ϨϡϥϡϸϦ�

υϯϲϳϯϣϦϱϮϯϲϳϽ ϰϯϬϴϸϦϮϮϼ϶ ϱϦϨϴϬϽϳϡϳϯϣ ϯϢϦϲϰϦϸϩϣϡϦϳϲЀ ϾϫϲϰϦϱϩϭϦϮϳϡϭϩ
Ϯϡ ϮϡϢϯϱϡ϶ ϥϩϡϬϯϤϯϣϼ϶ ϥϡϮϮϼ϶� ϡ ϳϡϫϧϦ ϴϸϡϲϳϩϦϭ ϣ ϲϯϱϦϣϮϯϣϡϮϩЀ϶ &RQY$, ��
&RQY$, �� $OH[D 3UL]H �����

ρϰϱϯϢϡϷϩЀ ϱϡϢϯϳϼ� ϑϦϨϴϬϽϳϡϳϼ ϱϡϢϯϳϼ ϢϼϬϩ ϰϱϦϥϲϳϡϣϬϦϮϼ ϡϣϳϯϱϯϭ Ϯϡ
ϲϬϦϥϴϿϺϩ϶ ϮϡϴϸϮϼ϶ ϫϯϮϵϦϱϦϮϷϩЀ϶ ϩ ϲϦϭϩϮϡϱϡ϶�

ߞ 7KH &RQYHUVDWLRQDO ,QWHOOLJHQFH &KDOOHQJH VHFWLRQ RQ 1,36 ����
&RPSHWLWLRQ 7UDFN :RUNVKRS� ϭϦϧϥϴϮϡϱϯϥϮϡЀ ϫϯϮϵϦϱϦϮϷϩЀ 1,36� /RQJ
%HDFK� �����

ߞ ύϦϧϥϴϮϡϱϯϥϮϡЀ ϫϯϮϵϦϱϦϮϷϩЀ &2/,1*� 6DQWD )H� �����
ߞ 0LQL�:RUNVKRS� 6WRFKDVWLF 3URFHVVHV DQG 3UREDELOLVWLF 0RGHOV LQ 0DFKLQH
/HDUQLQJ� ϲϦϭϩϮϡϱ σϙϞ� ύϯϲϫϣϡ� �����

ߞ $0& 0DNHDWKRQ ����� %LJ GDWD IRU VRFLDO HYHQW EHQHILW� ύϯϲϫϣϡ� �����

ϐϴϢϬϩϫϡϷϩϩ�ϏϲϮϯϣϮϼϦ ϱϦϨϴϬϽϳϡϳϼ ϰϯ ϳϦϭϦ ϥϩϲϲϦϱϳϡϷϩϩ ϩϨϬϯϧϦϮϼ ϣ � ϰϦ�
ϸϡϳϮϼ϶ ϩϨϥϡϮϩЀ϶� � ϩϨ ϫϯϳϯϱϼ϶ ϩϨϥϡϮϼ ϣ ϧϴϱϮϡϬϡ϶� ϱϦϫϯϭϦϮϥϯϣϡϮϮϼ϶ σρϋ� � ߞߞ
ϣ ϳϦϨϩϲϡ϶ ϥϯϫϬϡϥϯϣ� >$�@ � ϲϣϩϥϦϳϦϬϽϲϳϣϯ ϯ ϤϯϲϴϥϡϱϲϳϣϦϮϮϯϪ ϱϦϤϩϲϳϱϡϷϩЀ ϰϱϯ�
Ϥϱϡϭϭϼ ϥϬЀ Ϟσύ�

ςϬϡϤϯϥϡϱϮϯϲϳϩ� ρϣϳϯϱ ϣϼϱϡϧϡϦϳ ϤϬϴϢϯϫϴϿ ϰϱϩϨϮϡϳϦϬϽϮϯϲϳϽ ϲϣϯϦϭϴ Ϯϡϴϸ�
Ϯϯϭϴ ϱϴϫϯϣϯϥϩϳϦϬϿ� ϫϡϮϥϩϥϡϳϴ ϵϩϨϩϫϯ�ϭϡϳϦϭϡϳϩϸϦϲϫϩ϶ Ϯϡϴϫ� ςϴϱϷϦϣϴ ύϩ϶ϡϩϬϴ
ϒϦϱϤϦϦϣϩϸϴ Ϩϡ ϷϦϮϮϼϦ ϨϡϭϦϸϡϮϩЀ ϩ ϮϦϯϷϦϮϩϭϴϿ ϰϯϭϯϺϽ ϣ ϰϯϥϤϯϳϯϣϫϦ ϥϩϲϲϦϱϳϡ�
Ϸϩϩ� ρϣϳϯϱ ϢϬϡϤϯϥϡϱϩϳ ϟϱϩЀ ϋϴϱϡϳϯϣϡ ϩ υϭϩϳϱϩЀ ϋϡϱϰϯϣϡ Ϩϡ ϩϥϦϩ ϩ ϰϯϭϯϺϽ�
ϓϡϫϧϦ ϡϣϳϯϱ ϢϬϡϤϯϥϡϱϦϮ ϫϯϭϰϡϮϩϩ $XWR)$4�DL Ϩϡ ϵϩϮϡϮϲϯϣϴϿ ϰϯϥϥϦϱϧϫϴ ϩ
ϞϬϩϮϦ ϟϲϴϰϯϣϯϪ Ϩϡ ϱϦϥϡϫϳϩϱϯϣϡϮϩϦ ϰϴϢϬϩϫϡϷϩϪ�

�



ϒϯϥϦϱϧϡϮϩϦ ϱϡϢϯϳϼ

σϯ ϣϣϦϥϦϮϩϩ ϯϢϯϲϮϯϣϼϣϡϦϳϲЀ ϡϫϳϴϡϬϽϮϯϲϳϽ ϥϩϲϲϦϱϳϡϷϩϯϮϮϯϪ ϱϡϢϯϳϼ� ϲϵϯϱ�
ϭϴϬϩϱϯϣϡϮϼ ϷϦϬϩ ϩ Ϩϡϥϡϸϩ� ϡϱϤϴϭϦϮϳϩϱϯϣϡϮϡ ϮϡϴϸϮϡЀ ϮϯϣϩϨϮϡ� ϰϱϦϥϲϳϡϣϬϦϮϼ
ϱϦϨϴϬϽϳϡϳϼ ϩ ϰϯϬϯϧϦϮϩЀ� ϣϼϮϯϲϩϭϼϦ Ϯϡ ϨϡϺϩϳϴ� ϰϱϩϣϦϥϦϮϡ ϫϱϡϳϫϡЀ ϲϳϱϴϫϳϴϱϡ
ϥϩϲϲϦϱϳϡϷϩϩ ϰϯ ϤϬϡϣϡϭ�

ϐϦϱϣϡЀ ϤϬϡϣϡ ϰϯϲϣЀϺϦϮϡ ϯϰϩϲϡϮϩϿ ϯϢϬϡϲϳϩ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ�
σ ϱϡϨϥϦϬϦ ��� ϥϡϦϳϲЀ ϯϰϱϦϥϦϬϦϮϩϦ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϩ ϦϤϯ ϡϱ϶ϩϳϦϫϳϴϱϼ�
υϩϡϬϯϤϯϣϼϪ ϡϤϦϮϳ �ϥϩϡϬϯϤϯϣϡЀ ϲϩϲϳϦϭϡ� ϡϤϦϮϳ� ϸϡϳ�Ϣϯϳ� Ϣϯϳ� � Ͼϳϯ ϰϱϯϤϱϡϭ�

ϭϡ� ϫϯϳϯϱϡЀ ϣϦϥϦϳ ϱϡϨϤϯϣϯϱ ϲ ϸϦϬϯϣϦϫϯϭ ϸϦϱϦϨ ϳϦϫϲϳϯϣϼϪ ϩϬϩ ϨϣϴϫϯϣϯϪ ϩϮϳϦϱϵϦϪϲ�
ρϤϦϮϳϼ ϱϡϨϥϦϬЀϿϳϲЀ Ϯϡ ϷϦϬϦϯϱϩϦϮϳϩϱϯϣϡϮϮϼ϶ �WDVN�RULHQWHG�� ϰϱϦϥϮϡϨϮϡϸϦϮϮϼ϶
ϥϬЀ ϱϦϹϦϮϩЀ ϯϰϱϦϥϦϬϦϮϮϯϪ Ϩϡϥϡϸϩ� ϮϡϰϱϩϭϦϱ ϢϱϯϮϩϱϯϣϡϮϩϦ ϮϯϭϦϱϡ ϣ ϤϯϲϳϩϮϩϷϦ
ϩϬϩ ϨϡϫϡϨϡ ϳϡϫϲϩ� ϩ ϯϢϺϦϤϯ ϮϡϨϮϡϸϦϮϩЀ �JHQHUDO SXUSRVH�� ρϤϦϮϳϼ ϯϢϺϦϤϯ ϮϡϨϮϡ�
ϸϦϮϩЀ ϥϯϬϧϮϼ ϴϭϦϳϽ ϣϦϲϳϩ ϥϩϡϬϯϤ Ϯϡ ϯϢϺϩϦ ϳϦϭϼ� ϓϡϫϧϦ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ
ϱϡϨϥϦϬЀϿϳ ϰϯ ϯϢϬϡϲϳϩ ϥϦϪϲϳϣϩЀ �ϥϯϭϦϮϴ�� ςϯϳϼ ϲ ϯϳϫϱϼϳϼϭ ϥϯϭϦϮϯϭ ϰϯϫϱϼϣϡϿϳ
ϹϩϱϯϫϩϪ ϲϰϦϫϳϱ ϳϦϭ ϥϩϡϬϯϤϡ� ϳϯϤϥϡ ϫϡϫ ϸϡϳ�Ϣϯϳ ϲ Ϩϡϫϱϼϳϼϭ ϥϯϭϦϮϯϭ ϲϰϦϷϩϡϬϩ�
ϨϩϱϴϦϳϲЀ ϳϯϬϽϫϯ Ϯϡ ϫϯϮϫϱϦϳϮϼ϶ ϳϦϭϡ϶�

υϩϡϬϯϤϯϣϼϦ ϡϤϦϮϳϼ ϩϭϦϿϳ ϲϬϯϧϮϴϿ ϡϱ϶ϩϳϦϫϳϴϱϴ ϩ ϲϯϲϳϯЀϳ ϩϨ ϮϦϲϫϯϬϽϫϩ϶
ϭϯϥϴϬϦϪ �ϱϩϲ� ���

ߞ ϰϯϮϩϭϡϮϩЀ ϦϲϳϦϲϳϣϦϮϮϯϤϯ ЀϨϼϫϡ �QDWXUDO ODQJXDJH XQGHUVWDQGLQJ��
ߞ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ �GLDORJXH PDQDJHPHQW��
ߞ ϤϦϮϦϱϡϷϩϩ ϦϲϳϦϲϳϣϦϮϮϯϤϯ ЀϨϼϫϡ �QDWXUDO ODQJXDJH XQGHUVWDQGLQJ��

ϓϡϫϧϦ ϭϯϤϴϳ ϰϱϩϲϴϳϲϳϣϯϣϡϳϽ ϭϯϥϴϬϩ ϱϡϲϰϯϨϮϡϣϡϮϩЀ ϱϦϸϩ ϩ ϲϩϮϳϦϨϡ ϱϦϸϩ� υϡϬϦϦ
ϱϡϲϲϭϯϳϱϩϭ ϳϱϩ ϰϦϱϦϸϩϲϬϦϮϮϼ϶ ϣϼϹϦ ϭϯϥϴϬЀ�

ϑϩϲϴϮϯϫ � ߞߞ ρϱ϶ϩϳϦϫϳϴϱϡ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ� ϑϩϲϴϮϯϫ ϣϨЀϳ ϩϨ >�@�

ύϯϥϴϬϽ ϰϯϮϩϭϡϮϩЀ ϦϲϳϦϲϳϣϦϮϮϯϤϯ ЀϨϼϫϡ ϱϦϹϡϦϳ Ϩϡϥϡϸϴ ϯϢϱϡϢϯϳϫϩ ϣ϶ϯ�
ϥЀϺϦϤϯ ϲϼϱϯϤϯ ϳϦϫϲϳϯϣϯϤϯ Ϩϡϰϱϯϲϡ ϰϯϬϽϨϯϣϡϳϦϬЀ ϩ ϦϤϯ ϯϳϯϢϱϡϧϦϮϩЀ ϣ ϲϳϱϴϫϳϴϱ�
ϮϯϦ ϰϱϦϥϲϳϡϣϬϦϮϩϦ� ϓϩϰϩϸϮϼϦ Ϩϡϥϡϸϩ� ϫϯϳϯϱϼϦ ϱϦϹϡϦϳ Ͼϳϯϳ ϭϯϥϴϬϽ ϣϫϬϿϸϡϦϳ ϣ
ϲϦϢЀ ϵϩϬϽϳϱϡϷϩϿ ϣ϶ϯϥЀϺϦϤϯ Ϩϡϰϱϯϲϡ ϰϯϬϽϨϯϣϡϳϦϬЀ� ϦϤϯ ϮϯϱϭϡϬϩϨϡϷϩϿ� ϩϨϣϬϦϸϦ�
ϮϩϦ ϩϭϦϮϯϣϡϮϮϼ϶ ϲϴϺϮϯϲϳϦϪ ϩ ϵϡϫϳϯϣ� ϫϬϡϲϲϩϵϩϫϡϷϩϿ Ϩϡϰϱϯϲϡ ϰϯ ϳϦϭϡϭ�

ύϯϥϴϬϽ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ ЀϣϬЀϦϳϲЀ Ѐϥϱϯϭ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϼ� ώϡ
ϯϲϮϯϣϦ ϩϮϵϯϱϭϡϷϩϩ ϰϯϬϴϸϦϮϮϯϪ ϩϨ ϭϯϥϴϬЀ ϰϯϮϩϭϡϮϩЀ ϦϲϳϦϲϳϣϦϮϮϯϤϯ ЀϨϼϫϡ ϰϱϯ�
ϩϲ϶ϯϥϩϳ ϣϼϢϯϱ ϥϦϪϲϳϣϩЀ� ϫϯϳϯϱϼϪ ϥϯϬϧϦϮ ϲϯϣϦϱϹϩϳϽ Ϣϯϳ�

σ >�� �@ ϯϲϮϯϣϮϼϦ Ϩϡϥϡϸϩ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ ϯϰϱϦϥϦϬЀϿϳϲЀ ϫϡϫ�
�



ߞ ϯϢϮϯϣϬϦϮϩϦ ϥϩϡϬϯϤϯϣϯϤϯ ϫϯϮϳϦϫϲϳϡ Ϯϡ ϯϲϮϯϣϡϮϩϩ ϱϡϨϢϯϱϡ ϳϦϫϴϺϦϤϯ ϲϯ�
ϯϢϺϦϮϩЀ�

ߞ ϣϼϥϡϸϡ ϫϯϮϳϦϫϲϳϮϯ�Ϩϡϣϩϲϩϭϼ϶ ϱϡϨϢϯϱϯϣ ϲϩϤϮϡϬϯϣ�
ߞ ϫϯϯϱϥϩϮϩϱϯϣϡϮϩϦ ϰϯϣϦϥϦϮϩЀ ϣ ϥϩϡϬϯϤϦ� ϰϱϩϮЀϳϩϦ ϱϦϹϦϮϩЀ ϯ ϳϯϭ� ϫϡϫϯϣϯ
ϢϴϥϦϳ ϲϯϥϦϱϧϡϮϩϦ ϲϬϦϥϴϿϺϦϪ ϱϦϰϬϩϫϩ ϩ ϫϯϤϥϡ ϦϦ ϲϬϦϥϴϦϳ ϣϼϥϡϳϽ�

ύϯϥϴϬϽ ϤϦϮϦϱϡϷϩϩ ϦϲϳϦϲϳϣϦϮϮϯϤϯ ЀϨϼϫϡ ϣϼϥϡϦϳ ϱϦϰϬϩϫϴ Ϣϯϳϡ Ϯϡ ϯϲϮϯϣϦ
ϩϮϵϯϱϭϡϷϩϩ ϰϯϬϴϸϦϮϮϯϪ ϯϳ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ� ώϡϰϱϩϭϦϱ� ϥϩϡϬϯϤϯϣϼϪ ϭϦ�
ϮϦϥϧϦϱ ϣϯϨϣϱϡϺϡϦϳ ϥϦϪϲϳϣϩϦ �ߨϰϱϩϣϦϳϲϳϣϩϦߧ ϲϯϯϳϣϦϳϲϳϣϦϮϮϯ ϭϯϥϴϬϽ ϤϦϮϦϱϩϱϴϦϳ
ϱϦϰϬϩϫϴ ϥϬЀ ϰϱϩϣϦϳϲϳϣϩЀ�

σ ϱϡϨϥϦϬϦ ��� ϯϰϩϲϼϣϡϿϳϲЀ ϱϡϨϬϩϸϮϼϦ ϲϰϯϲϯϢϼ ϯϷϦϮϫϩ ϫϡϸϦϲϳϣϡ ϥϩϡϬϯϤϯ�
ϣϼ϶ ϡϤϦϮϳϯϣ�

ϏϷϦϮϫϴ ϫϡϸϦϲϳϣϡ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϰϱϯϣϯϥЀϳ ϥϣϴϭЀ ϲϰϯϲϯϢϡϭϩ� ϡϣϳϯϭϡ�
ϳϩϸϦϲϫϩϭ ϩ ϱϴϸϮϼϭ� ϲ ϰϯϭϯϺϽϿ ϸϦϬϯϣϦϫϡ� υϬЀ ϡϣϳϯϭϡϳϩϸϦϲϫϯϪ ϯϷϦϮϫϩ ϫϡϸϦϲϳϣϡ
ϳϱϦϢϴϦϳϲЀ ϱϡϨϭϦϸϦϮϮϼϪ ϥϩϡϬϯϤϯϣϼϪ ϫϯϱϰϴϲ�

ρϣϳϯϭϡϳϩϸϦϲϫϩϪ ϲϰϯϲϯϢ ϯϷϦϮϫϩ ϰϱϩϭϦϮϩϭ ϥϬЀ ϷϦϬϦϯϱϩϦϮϳϩϱϯϣϡϮϮϼ϶ ϥϩϡ�
ϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ ϩϬϩ ϥϬЀ ϡϤϦϮϳϯϣ ϲ ϯϤϱϡϮϩϸϦϮϮϼϭ ϥϯϭϦϮϯϭ� ϫϯϳϯϱϼϦ ϮϦ ϱϡϨϣϩϣϡ�
ϿϳϲЀ ϲ ϳϦϸϦϮϩϦϭ ϣϱϦϭϦϮϩ� υϬЀ ϱϦϡϬϩϨϡϷϩϩ ϷϦϬϦϯϱϩϦϮϳϩϱϯϣϡϮϮϼ϶ ϲϩϲϳϦϭ� ϭϯϧϮϯ
ϩϲϰϯϬϽϨϯϣϡϳϽ ϵϱϦϪϭ� ϫϯϳϯϱϼϪ ϲϯϲϳϯϩϳ ϩϨ ϲϬϯϳϯϣ ϲ ϰϡϱϡϭϦϳϱϡϭϩ ϲϩϳϴϡϷϩϩ ϩ ϨϮϡ�
ϸϦϮϩϪ ϲϬϯϳϯϣ�

φϲϬϩ ϥϩϡϬϯϤϯϣϡЀ ϲϩϲϳϦϭϡ ϮϦ ϩϲϰϯϬϽϨϴϦϳ ϵϱϦϪϭϼ� ϡ ϯϰϦϱϩϱϴϦϳ ϳϯϬϽϫϯ ϱϦ�
ϰϬϩϫϡϭϩ� ϳϯ ϫϡϸϦϲϳϣϯ ϩϨϭϦϱЀϿϳ ϭϦϱϡϭϩ ϩϨ ϯϢϬϡϲϳϩ ϩϮϵϯϱϭϡϷϩϯϮϮϯϤϯ ϰϯϩϲϫϡ�
ϮϡϰϱϩϭϦϱ 5HFDOO#N� ϫϯϳϯϱϡЀ ϰϯϫϡϨϼϣϡϦϳ ϥϯϬϿ ϱϦϬϦϣϡϮϳϮϼ϶ ϱϦϰϬϩϫ ϲϱϦϥϩ k
ϬϴϸϹϩ϶� ϣϼϢϱϡϮϮϼ϶ ϭϯϥϦϬϽϿ� ϓϡϫϧϦ ϸϡϲϳϯ ϩϲϰϯϬϽϨϴϿϳ ϭϦϳϱϩϫϴ %/(8 >�@� ϰϱϩ�
ϭϦϮЀϦϭϴϿ ϣ ϭϡϹϩϮϮϯϭ ϰϦϱϦϣϯϥϦ� ϫϯϳϯϱϡЀ ϴϸϩϳϼϣϡϦϳ ϲϫϯϬϽϫϯ Q�Ϥϱϡϭ ϲϯϣϰϡϥϡϦϳ ϣ
ϰϦϱϦϣϯϥϦ ϩ ϣ ϾϳϡϬϯϮϦ� ϡ ϨϡϳϦϭ ϰϯ ϯϰϱϦϥϦϬϦϮϮϯϪ ϵϯϱϭϴϬϦ ϣϼϣϯϥϩϳ ϯϷϦϮϫϴ ϫϡϸϦ�
ϲϳϣϡ ϰϯ ϹϫϡϬϦ ϯϳ � ϥϯ ��� >�@� σ ϮϦϥϡϣϮϩ϶ ϱϡϢϯϳϡ϶ ϢϼϬϯ ϰϱϦϥϬϯϧϦϮϯ ϯϷϦϮϩϣϡϳϽ
ϫϡϸϦϲϳϣϯ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ ϰϴϳϦϭ ϯϢϴϸϦϮϩЀ ϭϯϥϦϬϩ� ϰϱϦϥϲϫϡϨϼϣϡϿϺϴϿ ϳϡϫϴϿ
ϯϷϦϮϫϴ� ϩϲϰϯϬϽϨϴЀ ϱϡϨϭϦϸϦϮϮϴϿ ϣϼϢϯϱϫϴ >�� �@�

σ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϡ϶ ϯϢϺϦϤϯ ϮϡϨϮϡϸϦϮϩЀ ϲ ϯϳϫϱϼϳϼϭ ϥϯϭϦϮϯϭ ϡϣϳϯϭϡϳϩ�
ϸϦϲϫϩϦ ϭϦϳϱϩϫϩ ϮϦ ϭϯϤϴϳ ϯϢϦϲϰϦϸϩϳϽ ϥϯϲϳϡϳϯϸϮϯϪ ϰϯϬϮϯϳϼ� ϳ�ϫ� ϸϦϬϯϣϦϫ ϭϯϧϦϳ
ϯϢϺϡϳϽϲЀ ϲ Ϯϩϭϩ ϯ ϸϦϭ ϴϤϯϥϮϯ� ϐϯϾϳϯϭϴ ϨϥϦϲϽ ϮϦϯϢ϶ϯϥϩϭϯ ϩϲϰϯϬϽϨϯϣϡϳϽ ϱϴϸ�
ϮϴϿ ϯϷϦϮϫϴ ϫϡϸϦϲϳϣϡ� ϑϴϸϮϡЀ ϯϷϦϮϫϡ ϰϯϥϱϡϨϴϭϦϣϡϦϳ ϰϱϯϣϦϥϦϮϩϦ ϥϩϡϬϯϤϡ Ϣϯϳϡ ϲ
ϸϦϬϯϣϦϫϯϭ� ϤϥϦ ϸϦϬϯϣϦϫ ϣ ϫϯϮϷϦ ϥϩϡϬϯϤϡ ϲϳϡϣϩϳ ϯϷϦϮϫϴ� ϯϢϼϸϮϯ ϰϯ ϰЀϳϩϢϡϬϬϽ�
ϮϯϪ ϹϫϡϬϦ� ϤϥϦ � � ϥϩϡϬϯϤ ϲ Ϣϯϳϯϭ ϲϯϣϲϦϭ ϮϦ ϰϯϮϱϡϣϩϬϲЀ� � � ϯϸϦϮϽ ϰϯϮϱϡϣϩϬϲЀ�
ϐϯϬϴϸϦϮϩϦ ϲϯϲϳϯЀϳϦϬϽϮϯϪ ϯϷϦϮϫϩ ϳϱϦϢϴϦϳ ϢϯϬϽϹϯϤϯ ϫϯϬϩϸϦϲϳϣϡ ϥϩϡϬϯϤϯϣ� ϸϳϯ
ЀϣϬЀϦϳϲЀ ϭϡϳϦϱϩϡϬϽϮϯ ϩ ϣϱϦϭϦϮϮϯ ϨϡϳϱϡϳϮϼϭ ϥϦϪϲϳϣϩϦϭ� υϬЀ ϮϡϴϸϮϼ϶ Ϥϱϴϰϰ
ϨϥϦϲϽ Ϯϡ ϰϦϱϦϥϮϩϪ ϰϬϡϮ ϣϼ϶ϯϥЀϳ ϲϯϱϦϣϮϯϣϡϮϩЀ �ϫϯϮϳϦϲϳϼ� ϰϯ ϱϡϨϱϡϢϯϳϫϦ ϥϩϡϬϯ�
Ϥϯϣϼ϶ ϡϤϦϮϳϯϣ� ϳ�ϫ� ϴϸϡϲϳϩϦ ϣ Ϯϩ϶ ϥϡϦϳ ϣϯϨϭϯϧϮϯϲϳϽ ϢϦϲϰϬϡϳϮϯ ϰϯϬϴϸϩϳϽ ϢϯϬϽϹϯϦ
ϫϯϬϩϸϦϲϳϣϯ ϯϷϦϮϯϫ ϩ ϯϷϦϮϩϳϽ ϫϡϸϦϲϳϣϯ ϣ ϲϱϡϣϮϦϮϩϩ ϲ ϥϱϴϤϩϭϩ ϴϸϡϲϳϮϩϫϡϭϩ ϲϯ�
ϱϦϣϮϯϣϡϮϩЀ�

σ ���� Ϥϯϥϴ ϢϼϬ ϯϱϤϡϮϩϨϯϣϡϮ $OH[D 3UL]H &KDOOHQJH ϷϦϬϽϿ ϫϯϳϯϱϯϤϯ Ѐϣ�
ϬЀϦϳϲЀ ϲϯϨϥϡϮϩϦ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϯϢϺϦϤϯ ϮϡϨϮϡϸϦϮϩЀ ϥϬЀ ϣϦϥϦϮϩЀ ϥϩϡϬϯϤϡ ϣ

�



ϯϳϫϱϼϳϯϭ ϥϯϭϦϮϦ >�@� σ ϯϳϬϩϸϩϦ ϯϳ ϰϱϦϥϼϥϴϺϦϤϯ ϲϯϱϦϣϮϯϣϡϮϩЀ ϨϥϦϲϽ ϮϦ ϲϳϡϣϩϳ�
ϲЀ ϷϦϬϽ ϰϱϯϪϳϩ ϓϦϲϳ ϓϽϿϱϩϮϤϡ� τϬϡϣϮϯϪ ϨϡϥϡϸϦϪ Ϣϯϳϡ ЀϣϬЀϦϳϲЀ ϣϦϥϦϮϩϦ ϥϩϡϬϯϤϡ
ϥϬϩϳϦϬϽϮϯϲϳϽϿ �� ϭϩϮϴϳ ϩ ϲϱϦϥϮϦϪ ϯϷϦϮϫϯϪ ϰϯϬϽϨϯϣϡϳϦϬϦϪ � ϩϨ �� ψϡ ϱϦϹϦϮϩϦ
ϳϡϫϯϪ Ϩϡϥϡϸϩ ϰϯϢϦϥϩϣϹϦϪ ϫϯϭϡϮϥϦ ϰϱϩϲϴϧϥϡϦϳϲЀ ϰϱϩϨ ϣ � ϭϬϮ� ϥϯϬϬϡϱϯϣ� ϒϯϱϦϣ�
ϮϯϣϡϮϩϦ ϳϡϫϧϦ ϲϳϡϬϯ ϦϧϦϤϯϥϮϼϭ�

ϓϡϫϧϦ ϣ ���� ϣϰϦϱϣϼϦ ϢϼϬϯ ϰϱϯϣϦϥϦϮϯ ϲϯϱϦϣϮϯϣϡϮϩϦ &RQY$, � 7KH )LUVW
&RQYHUVDWLRQDO ,QWHOOLJHQFH &KDOOHQJH >�@� ψϡϥϡϸϦϪ ϱϡϨϱϡϢϯϳϸϩϫϯϣ ϸϡϳϢϯϳϯϣ ϢϼϬϯ
ϲϯϨϥϡϮϩϦ Ϣϯϳϡ� ϲϰϯϲϯϢϮϯϤϯ ϣϦϲϳϩ ϥϩϡϬϯϤ ϯ ϲϬϴϸϡϪϮϯϭ ϡϢϨϡϷϦ ϲϳϡϳϽϩ ϩϨ σϩϫϩϰϦ�
ϥϩϩ� ϐϯϢϦϥϩϳϦϬϩ ϥϯϲϳϩϤϬϩ ϯϷϦϮϫϩ ϣ ���� ϩϨ �� ϣϦϱ϶ϮϦϪ ϤϱϡϮϩϷϦϪ ϭϯϧϮϯ ϲϸϩϳϡϳϽ
ϯϷϦϮϫϴ ϸϦϬϯϣϦϫϡ ϣ ���� σ ���� Ϥϯϥϴ ϲϯϱϦϣϮϯϣϡϮϩϦ ϰϱϯϣϦϬϩ ϣϯ ϣϳϯϱϯϪ ϱϡϨ� Ϯϯ ϩϨ�
ϭϦϮϩϬϩ Ϩϡϥϡϸϴ >�@� ϓϦϰϦϱϽ Ϣϯϳϴ ϥϡϣϡϬϡϲϽ ϯϰϱϦϥϦϬϦϮϮϡЀ ϰϦϱϲϯϮϡ ϩ Ϣϯϳ ϥϯϬϧϦϮ
ϢϼϬ ϤϯϣϯϱϩϳϽ ϯ ϲϦϢϦ ϣ ϦϦ ϫϯϮϳϦϫϲϳϦ� σ ϮϦϪ ϫϱϯϭϦ ϰЀϳϩϢϡϬϬϽϮϯϪ ϰϯϬϽϨϯϣϡϳϦϬϽϲϫϯϪ
ϯϷϦϮϫϩ� ϳϡϫϧϦ ϢϼϬϩ ϩϲϰϯϬϽϨϯϣϡϮϼ ϡϣϳϯϭϡϳϩϸϦϲϫϩϦ ϭϦϳϱϩϫϩ� ϳϡϫϩϦ ϫϡϫ 3HUSOH[LW\�
$FFXUDF\#�� )��ϭϦϱϡ�

σ ϱϡϨϥϦϬϦ ��� ϯϰϩϲϡϮϼ ϳϦϫϴϺϩϦ ϰϱϯϢϬϦϭϼ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ�
ϐϦϱϣϯϪ ϰϱϯϢϬϦϭϯϪϭϯϧϮϯ ϮϡϨϣϡϳϽ ϯϳϲϴϳϲϳϣϩϦ ϶ϯϱϯϹϯ ϥϯϫϴϭϦϮϳϩϱϯϣϡϮϮϼ϶�

ϰϱϯϲϳϼ϶ ϣ ϩϲϰϯϬϽϨϯϣϡϮϩϩ� ϱϡϲϹϩϱЀϦϭϼ϶ ϰϱϯϤϱϡϭϭϮϼ϶ ϫϯϭϰϬϦϫϲϯϣ ϥϬЀ ϰϯϲϳϱϯ�
ϦϮϩЀ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ� φϺϦ Ϯϩ ϯϥϩϮ ϴϸϡϲϳϮϩϫ $OH[D 3UL]H ϮϦ ϣϼϫϬϡϥϼϣϡϬ
ϰϱϯϤϱϡϭϭϮϼϪ ϫϯϥ ϲϣϯϩ϶ Ϣϯϳϯϣ ϣ ϯϳϫϱϼϳϼϪ ϥϯϲϳϴϰ� ϋϯϥ ϰϯϢϦϥϩϳϦϬЀ ϰϯϲϬϦϥϮϩ϶
$, /RHEQHU ��������� � 0LWVXNX�� ϳϡϫϧϦ Ϩϡϫϱϼϳ� ϒϳϯϩϳ ϯϳϭϦϳϩϳϽ� ϸϳϯ ϫϯϥ ϰϯϢϦ�
ϥϩϳϦϬЀ $, /RHEQHU ���� � $�/�,�&�( >��@ ϦϲϳϽ ϣ ϯϳϫϱϼϳϯϭ ϥϯϲϳϴϰϦ ϩ ϦϤϯ ϡϫϳϩϣϮϯ
ϩϲϰϯϬϽϨϴϿϳ� ϫϡϫ ϯϥϩϮ ϩϨ ϰϯϥϭϯϥϴϬϦϪ ϣ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϡ϶ Ϯϡ ϲϯϱϦϣϮϯϣϡϮϩЀ϶� ϐϯ
ϴϲϬϯϣϩЀϭ ϲϯϱϦϣϮϯϣϡϮϩϪ &RQY$, � ϩ � ϮϦϯϢ϶ϯϥϩϭϯ ϣϼϫϬϡϥϼϣϡϳϽ ϫϯϥ ϣ ϯϳϫϱϼϳϼϪ
ϥϯϲϳϴϰ� ϸϳϯ ϰϯϨϣϯϬЀϦϳ ϩϲϰϯϬϽϨϯϣϡϳϽ ϩ϶ ϫϡϫ ϯϥϩϮ ϩϨ ϰϯϥϭϯϥϴϬϦϪ ϣ ϲϣϯϦϭ ϡϤϦϮϳϦ�
ώϯ ϶ϯϳϦϬϯϲϽ Ϣϼ ϩϭϦϳϽ ϢϩϢϬϩϯϳϦϫϴ ϥϬЀ ϰϯϲϳϱϯϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ� Ϯϡϰϯϥϯ�
ϢϩϦ 'MDQJR� ϩ 5DLOV� ϥϬЀ ϣϦϢ�ϰϱϩϬϯϧϦϮϩϪ� ϒϦϪϸϡϲ ϫϡϧϥϼϪ ϥϩϡϬϯϤϯϣϼϪ ϡϤϦϮϳ ϣ
ϲϭϼϲϬϦ ϰϱϯϤϱϡϭϭϮϯϤϯ ϱϦϹϦϮϩЀ ϴϮϩϫϡϬϦϮ� φϲϬϩ Ϣϼ ϱϡϨϱϡϢϯϳϸϩϫϩ ϩϲϰϯϬϽϨϯϣϡϬϩ
ϦϥϩϮϼϪ ϰϱϯϤϱϡϭϭϮϼϪ ϵϱϦϪϭϣϯϱϫ � Ͼϳϯ Ϣϼ ϰϯϨϣϯϬϩϬϯ ϥϱϴϤϩϭ ϫϯϭϡϮϥϡϭ ϴϲϫϯϱϩϳϽ
ϲϫϯϱϯϲϳϽ ϱϡϨϱϡϢϯϳϫϩ� ϰϱϯϺϦ ϱϦϡϬϩϨϯϣϼϣϡϳϽ ϩ ϰϯϥϥϦϱϧϩϣϡϳϽ ϲϬϯϧϮϴϿ ϬϯϤϩϫϴ�
ϴϣϦϬϩϸϩϳϽ ϲϯϰϱϯϣϯϧϥϡϦϭϯϲϳϽ ϩ ϮϡϥϦϧϮϯϲϳϽ ϱϦϹϦϮϩϪ� ϬϦϤϸϦ Ϯϡ϶ϯϥϩϳϽ ϩ ϣϣϯϥϩϳϽ
Ϯϯϣϼ϶ ϱϡϨϱϡϢϯϳϸϩϫϯϣ�

σ ϮϡϸϡϬϦ ϱϡϨϱϡϢϯϳϫϩ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϼ ϯϳϲϴϳϲϳϣϴϿϳ ϥϡϮϮϼϦ ϯ ϥϩϡϬϯϤϡ϶
ϩϨ�Ϩϡ ϸϦϤϯ ϣϯϨϮϩϫϡϦϳ ϰϱϯϢϬϦϭϡ ϯϬϯϥϮϯϤϯ϶ߧ ϲϳϡϱϳϡߨ� Ϟϳϯ ϨϡϭϦϥϬЀϦϳ ϩ ϴϣϦϬϩϸϩϣϡ�
Ϧϳ ϲϳϯϩϭϯϲϳϽ ϱϡϨϱϡϢϯϳϫϩ Ϣϯϳϡ� ϳ�ϫ� ϮϴϧϮϯ ϱϡϨϭϦϸϡϳϽ ϥϡϮϮϼϦ� ϬϩϢϯ ϩϲϰϯϬϽϨϯϣϡϳϽ
Ͼϣϱϩϲϳϩϫϩ ϥϯ ϮϡϫϯϰϬϦϮϩЀ ϥϡϮϮϼ϶� Ϟϳϯ ϯϲϯϢϦϮϮϯ ϡϫϳϴϡϬϽϮϯ ϥϬЀ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦ�
ϮϦϥϧϦϱϡ� ϳ�ϫ� ϣ ϫϡϸϦϲϳϣϦ ϰϯϥϭϯϥϴϬϦϪ ϥϬЀ ϤϦϮϦϱϡϷϩϩ ϩ ϰϯϮϩϭϡϮϩЀ ϦϲϳϦϲϳϣϦϮϮϯϤϯ
ЀϨϼϫϡ ϭϯϧϮϯ ϩϲϰϯϬϽϨϯϣϡϳϽ ϳϦ� ϸϳϯ Ϯϡ϶ϯϥЀϳϲЀ ϣ ϯϳϫϱϼϳϯϭ ϥϯϲϳϴϰϦ� υϩϡϬϯϤϯϣϼϪ
ϭϦϮϦϥϧϦϱ � ϴϮϩϫϡϬϽϮϼϪ ϴ ϫϡϧϥϯϤϯ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ� ϓϡϫ ϮϡϰϱϩϭϦϱ ϣ 0LWVXNX
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ϮϡϰϩϲϡϮϯ ϭϮϯϧϦϲϳϣϯ ϰϱϡϣϩϬ� ϡ ϯϥϩϮ ϩϨ ϴϸϡϲϳϮϩϫϯϣ $OH[D 3UL]H ���� 0,/$%27
>��@ ϲϯϢϩϱϡϬ ϱϡϨϭϦϸϦϮϮϼϦ ϥϡϮϮϼϦ ϸϦϱϦϨ $PD]RQ 0HFKDQLFDO 7XUN��

ωϨϭϦϮϦϮϩЀ ϣ ϥϩϡϬϯϤϯϣϯϭ ϡϤϦϮϳϦ Ϯϡϥϯ ϥϦϬϡϳϽ ϡϮϡϬϩϨϩϱϴЀ ϰϯϲϳϴϰϡϿϺϩϦ ϥϩϡ�
ϬϯϤϩ ϰϯϬϽϨϯϣϡϳϦϬϦϪ� ϓϡϫϩ϶ ϥϩϡϬϯϤϯϣ ϭϯϧϦϳ ϢϼϳϽ ϳϼϲЀϸϩ ϣ ϥϦϮϽ� ύϯϧϮϯ ϲϬϴϸϡϪϮϯ
ϯϳϢϩϱϡϳϽ ϥϩϡϬϯϤϩ� ϸϩϳϡϳϽ ϩ϶ ϩ ϵϩϫϲϩϱϯϣϡϳϽ Ϩϡϥϡϸϩ Ϯϡ ϴϬϴϸϹϦϮϩϦ� ϓϡϫϧϦ ϣϡϧϮϼϭ
ЀϣϬЀϦϳϲЀ ϡϮϡϬϩϨ ϱϡϨϬϩϸϮϼ϶ ϲϳϡϳϩϲϳϩϫ� ϮϡϰϱϩϭϦϱ ϫϡϫ ϸϡϲϳϯ ϢϼϬ ϣϼϨϣϡϮ ϳϯϳ ϩϬϩ
ϩϮϯϪ Ϯϡϣϼϫ ϣ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϦ� ρϮϡϬϩϨ ϰϦϱϦ϶ϯϥϯϣ ϭϦϧϥϴ Ϯϡϣϼϫϡϭϩ ЀϣϬЀϦϳϲЀ
ϰϦϱϣϯϪ ϲϳϴϰϦϮϽϿ ϣ ϲϯϨϥϡϮϩϩ ϲϣЀϨϡϮϮϯϤϯ ϥϩϡϬϯϤϡ� ϐϯ ϮϦϭϴ ϢϴϥϦϳ ЀϲϮϯ ϫϡϫϯϪ ϰϦ�
ϱϦ϶ϯϥ ϢϼϬ ϴϥϡϸϮϼϭ� ϡ ϫϡϫϯϪ ϮϦϳ ϩ ϲϫϯϱϱϦϫϳϩϱϯϣϡϳϽ ϦϤϯ� ϑϡϨϮϯϯϢϱϡϨϩϦ ϫϯϮϳϦϫϲϳϯϣ
ϣ ϥϩϡϬϯϤϡ϶� ϫϯϳϯϱϼϦ ϣϯϨϮϩϫϡϿϳ ϰϱϩ ϯϢϺϦϮϩϩ ϸϦϬϯϣϦϫϡ ϩ Ϣϯϳϡ ϯϤϱϯϭϮϯϦ� ϰϯϾϳϯϭϴ
ϰϯϬϦϨϮϯ ϰϱϦϥϲϳϡϣϬϦϮϩϦ ϥϩϡϬϯϤϯϣϼ϶ ϥϡϮϮϼ϶ ϣ ϣϩϥϦ Ϥϱϡϵϡ� σϦϱϹϩϮϯϪ Ϥϱϡϵϡ ϭϯϧϦϳ
ϢϼϳϽ ϮϯϭϦϱ ϶ϯϥϡ ϣ ϥϩϡϬϯϤϦ� ϡ ϱϦϢϱϯϭ ϰϦϱϦ϶ϯϥ Ϯϡ ϲϬϦϥϴϿϺϩϪ ϮϯϭϦϱ ϶ϯϥϡ� ϏϥϩϮ
϶ϯϥ ϭϯϧϦϳ ϢϼϳϽ ϰϱϦϥϲϳϡϣϬϦϮ ϮϦϲϫϯϬϽϫϩϭϩ ϣϦϱϹϩϮϡϭϩ� ϰϱϩ ϴϲϬϯϣϩϩ� ϸϳϯ ϣϦϱϹϩϮϡ
ϰϯϬϴϸϩϬϡ ϲϦϭϡϮϳϩϸϦϲϫϩ ϨϮϡϸϩϭϯϦ ϩϭЀ� ωϭϦЀ ϡϬϤϯϱϩϳϭ ϰϯϲϳϱϯϦϮϩЀ ϳϡϫϯϤϯ Ϥϱϡϵϡ
ϰϯϬϴϸϩϳϲЀ ϢϯϬϦϦ ϾϵϵϦϫϳϩϣϮϯ ϡϮϡϬϩϨϩϱϯϣϡϳϽ ϢϯϬϽϹϩϦ ϥϩϡϬϯϤϯϣϼϦ ϫϯϱϰϴϲϡ� ϡ ϣ
ϰϦϱϲϰϦϫϳϩϣϦ� ϡϣϳϯϭϡϳϩϸϦϲϫϩ ϲϳϱϯϩϳϽ ϬϯϤϩϫϴ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ�

σϳϯϱϡЀ ϤϬϡϣϡ ϰϯϲϣЀϺϦϮϡ ϯϰϩϲϡϮϩϿ ϱϡϨϱϡϢϯϳϡϮϮϯϤϯ ϣ ϱϡϭϫϡ϶ ϲϯϱϦϣϮϯϣϡ�
ϮϩЀ 1,36 &RQYHUVDWLRQDO ,QWHOOLJHQFH &KDOOHQJH �&RQY$, �� ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ
ERW������ ϦϤϯ ϴϸϡϲϳϩϿ ϣ ϲϯϱϦϣϮϯϣϡϮϩϩ &RQY$, � ϩ ϭϦ϶ϡϮϩϨϭϴ ϰϦϱϦ϶ϯϥϯϣ ϭϦϧϥϴ
Ϯϡϣϼϫϡϭϩ ϣ ϥϩϡϬϯϤϯϣϯϭ ϡϤϦϮϳϦ '5($0 ϥϬЀ ϲϯϱϦϣϮϯϣϡϮϩЀ $OH[D 3UL]H �����

σ ϱϡϨϥϦϬϦ ��� ϰϱϦϥϲϳϡϣϬϦϮ ϯϢϨϯϱ ϲϯϱϦϣϮϯϣϡϮϩЀ ϩ ϲϣЀϨϡϮϮϼϦ ϱϡϢϯϳϼ�
σ1,36 &RQYHUVDWLRQDO ,QWHOOLJHQFH &KDOOHQJH ���� >��@ ϳϱϦϢϯϣϡϬϯϲϽ ϱϡϨϱϡϢϯ�

ϳϡϳϽ ϥϩϡϬϯϤϯϣϴϿ ϲϩϲϳϦϭϴ� ϫϯϳϯϱϡЀ ϯϢϲϴϧϥϡϦϳ ϲ ϰϯϬϽϨϯϣϡϳϦϬϦϭ ϫϯϱϯϳϫϩϪ ϯϳϱϼϣϯϫ
ϳϦϫϲϳϡ ϩϨ σϩϫϩϰϦϥϩϩ� ϋϡϧϥϼϪ ϥϩϡϬϯϤ ϣ ϫϯϮϷϦ ϯϷϦϮϩϣϡϬϲЀ ϸϦϬϯϣϦϫϯϭ ϰϯ ϹϫϡϬϦ ϯϳ
� �ϰϬϯ϶ϯ� ϥϯ � �ϯϳϬϩϸϮϯ� ϰϯ ��ϭ ϰϯϫϡϨϡϳϦϬЀϭ�

ߞ ϯϢϺϦϭϴ ϫϡϸϦϲϳϣϴ ϥϩϡϬϯϤϡ�
ߞ ϤϬϴϢϩϮϦ ϯϢϲϴϧϥϦϮϩЀ ϰϱϦϥϬϯϧϦϮϮϯϤϯ ϳϦϫϲϳϡ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϯϪ�
ߞ ϣϯϣϬϦϸϦϮϮϯϲϳϩ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϣ ϢϦϲϦϥϴ�

ϋϡϧϥϴϿ ϱϦϰϬϩϫϴ Ϣϯϳϡ ϭϯϧϮϯ ϢϼϬϯ ϰϯϭϦϳϩϳϽ ϫϡϫ ϰϯϥ϶ϯϥЀϺϴϿ ϩϬϩ ϮϡϯϢϯϱϯϳ� ϘϦ�
ϬϯϣϦϫ ϯϷϦϮϩϣϡϬ ϲϩϲϳϦϭϼ ϣϲϬϦϰϴϿ� ϮϦ ϨϮϡЀ ϦϦ ϱϡϨϱϡϢϯϳϸϩϫϯϣ�

σ ϱϡϨϥϦϬϦ ��� ϥϡϦϳϲЀ ϥϦϳϡϬϽϮϯϦ ϯϰϩϲϡϮϩϦ ϱϡϨϱϡϢϯϳϡϮϮϯϤϯ ϥϩϡϬϯϤϯϣϯϤϯ
ϡϤϦϮϳϡ� ϰϯϢϦϥϩϳϦϬЀ ϲϯϱϦϣϮϯϣϡϮϩЀ &RQY$, � ERW������ ϦϤϯ Ϯϡϣϼϫϯϣ ϩ ϥϩϡϬϯϤϯϣϯϤϯ
ϭϦϮϦϥϧϦϱϡ�

ϑϡϨϱϡϢϯϳϡϮϮϼϪ ϥϩϡϬϯϤϯϣϼϪ ϡϤϦϮϳ ϲϯϲϳϯϩϳ ϩϨ ϥϣϴ϶ ϯϲϮϯϣϮϼ϶ ϫϯϭϰϯϮϦϮϳ �
ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ ϩ Ϯϡϣϼϫϯϣ� ώϡϣϼϫ � Ͼϳϯ ϭϯϥϦϬϽ� ϫϯϳϯϱϡЀ ϰϱϩϮϩϭϡϦϳ Ϯϡ
ϣ϶ϯϥ ϳϦϫϲϳ ϩ ϥϩϡϬϯϤϯϣϼϪ ϫϯϮϳϦϫϲϳ ϩ ϣϯϨϣϱϡϺϡϦϳ ϱϦϰϬϩϫϴ ϯϳϣϦϳϡ� υϩϡϬϯϤϯϣϼϪ ϭϦ�
ϮϦϥϧϦϱ ϱϦϹϡϦϳ ϫϡϫϯϪ Ϯϡϣϼϫ ϩϲϰϯϬϽϨϯϣϡϳϽ Ϯϡ ϳϦϫϴϺϦϭ ϹϡϤϦ ϥϩϡϬϯϤϡ�

σϦϱ϶ϮϦϴϱϯϣϮϦϣϡЀ ϡϱ϶ϩϳϦϫϳϴϱϡ ϱϡϨϱϡϢϯϳϡϮϮϯϪ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϼ ϰϱϦϥ�
ϲϳϡϣϬϦϮϡ Ϯϡ ϱϩϲ� �� ώϡ ϣ϶ϯϥ ϲϩϲϳϦϭϦ ϰϯϥϡϦϳϲЀ ϰϡϱϡϤϱϡϵ ϳϦϫϲϳϡ ϯ ϫϯϳϯϱϯϭ ϩϥϦϳ
ϢϦϲϦϥϡ� ϫϯϮϳϦϫϲϳ ϥϩϡϬϯϤϡ ϩ ϳϦϫϴϺϡЀ ϱϦϰϬϩϫϡ Ϯϡ ϫϯϳϯϱϴϿ ϮϦϯϢ϶ϯϥϩϭϯ ϥϡϳϽ ϯϳϣϦϳ�
ψϡϳϦϭ ϥϩϡϬϯϤϯϣϼϪ ϭϦϮϦϥϧϦϱ ϰϯ ϣ϶ϯϥϮϼϭ ϥϡϮϮϼϭ ϱϦϹϡϦϳ ϫϡϫϯϪ Ϯϡϣϼϫ ϣϼϢϱϡϳϽ�
ϐϯϲϬϦ ϾϳϯϤϯ ϣϼϢϱϡϮϮϼϪ Ϯϡϣϼϫ ϩϲϰϯϬϽϨϴЀ ϣ϶ϯϥϮϴϿ ϩϮϵϯϱϭϡϷϩϿ ϣϼϥϡϦϳ ϯϳϣϦϳ�
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ϑϩϲϴϮϯϫ � ߞߞ σϦϱ϶ϮϦϴϱϯϣϮϦϣϡЀ ϡϱ϶ϩϳϦϫϳϴϱϡ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϼ ERW������

υϬЀ ϣϦϥϦϮϩЀ ϥϩϡϬϯϤϡ ϯ ϳϦϫϲϳϦ ϳϱϦϢϴϿϳϲЀ ϱϡϨϬϩϸϮϼϦ Ϯϡϣϼϫϩ� σϯ�ϰϦϱϣϼ϶�
Ϣϯϳ ϥϯϬϧϦϮ ϴϭϦϳϽ ϰϱϩϣϦϳϲϳϣϯϣϡϳϽ ϰϯϬϽϨϯϣϡϳϦϬЀ� ϯϳϣϦϸϡϳϽ Ϯϡ ϣϯϰϱϯϲϼ ϯ ϳϦϫϲϳϦ ϩ
ϨϡϥϡϣϡϳϽ ϩ϶� σϯ�ϣϳϯϱϼ϶� ϨϡϥϡϮϮϼϪ ϳϦϫϲϳ ϢϼϣϡϦϳ ϥϬϩϮϮϼϭ� ϰϯϾϳϯϭϴ ϣϡϧϮϯ ϴϭϦϳϽ
ϥϦϬϡϳϽ ϡϣϳϯϭϡϳϩϸϦϲϫϯϦ ϱϦϵϦϱϩϱϯϣϡϮϩϦ ϳϦϫϲϳϡ� Ϙϡϲϳϯ ϰϯϬϽϨϯϣϡϳϦϬϽ ϭϯϧϦϳ ϩϭϦϳϽ
ϧϦϬϡϮϩϦ ϰϯϤϯϣϯϱϩϳϽ ϲ Ϣϯϳϯϭ Ϯϡ ϯϢϺϩϦ ϳϦϭϼ�

ϑϡϨϤϯϣϯϱϮϼϦ Ϯϡϣϼϫϩ ϰϯ 2SHQ6XEWLWOHV ϩ )DFHERRN ϮϯϣϯϲϳЀϭ ϩϲϰϯϬϽϨϴ�
Ͽϳ ϮϦϪϱϯϲϦϳϦϣϼϦ ϭϦϳϯϥϼ ϭϡϹϩϮϮϯϤϯ ϰϦϱϦϣϯϥϡ ϩ ϯϲϮϯϣϡϮϼ Ϯϡ ϭϯϥϦϬЀ϶ ϳϩϰϡ
ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ �VHTXHQFH�WR�VHTXHQFH� ϲ ϭϦ϶ϡϮϩϨ�
ϭϯϭ ϣϮϩϭϡϮϩЀ� ϏϮϩ ϯϢϴϸϦϮϼ ϲ ϰϯϭϯϺϽϿ ϯϳϫϱϼϳϯϤϯ ϰϱϯϤϱϡϭϭϮϯϤϯ ϫϯϭϰϬϦϫϲϡ
2SHQ107� 2SHQ107 � Ͼϳϯ ϢϩϢϬϩϯϳϦϫϡ ϥϬЀ ϱϦϡϬϩϨϡϷϩϩ ϭϯϥϦϬϦϪ ϤϬϴϢϯϫϯϤϯ ϯϢϴ�
ϸϦϮϩЀ� ϣ ϯϲϯϢϦϮϮϯϲϳϩ� ϭϯϥϦϬϦϪ ϳϩϰϡ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�
ϏϮϡ ϰϯϫϱϼϣϡϦϳ Ϩϡϥϡϸϩ ϭϡϹϩϮϮϯϤϯ ϰϦϱϦϣϯϥϡ� ϱϦϵϦϱϩϱϯϣϡϮϩЀ� ϯϳϯϢϱϡϧϦϮϩЀ ϩϨϯϢ�
ϱϡϧϦϮϩЀ ϣ ϳϦϫϲϳ ϩ ϱϡϲϰϯϨϮϡϣϡϮϩЀ ϤϯϬϯϲϡ� ςϩϢϬϩϯϳϦϫϡ ϳϡϫϧϦ ϭϯϧϦϳ ϱϦϹϡϳϽ Ϩϡϥϡϸϩ
ϰϯϲϳϱϯϦϮϩЀ ЀϨϼϫϯϣϼ϶ ϭϯϥϦϬϦϪ ϩ ϱϡϨϭϦϳϫϩ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϩ >��@�

ϏϢϴϸϦϮϩϦ ϯϲϴϺϦϲϳϣϬЀϬϯϲϽ Ϯϡ ϴϱϯϣϮϦ ϰϱϦϥϲϳϡϣϬϦϮϩЀ ϲϬϯϣ� ϑϡϨϭϦϱϮϯϲϳϽ
ϣϦϫϳϯϱϮϼ϶ ϰϱϦϥϲϳϡϣϬϦϮϩϪ ϲϬϯϣ ϢϼϬϡ ϱϡϣϮϡ ���� ϣϦϲϡ ϲϬϯϣ ϯϢϮϯϣϬЀϬϩϲϽ ϣϯ ϣϱϦ�
ϭЀ ϯϢϴϸϦϮϩЀ� υϬЀ ϩϳϦϱϡϳϩϣϮϯϤϯ ϯϢϮϯϣϬϦϮϩЀ ϣϦϲϯϣ ϭϯϥϦϬϩ Ϯϡ ϯϲϮϯϣϦ ϯϢϴϸϡϿϺϦϪ
ϣϼϢϯϱϫϩ ϢϼϬ ϰϱϩϭϦϮϦϮ ϭϦϳϯϥ ϯϰϳϩϭϩϨϡϷϩϩ $'$0 �$GDSWLYH0RPHQW (VWLPDWLRQ�
ϭϦϳϯϥ ρϥϡϰϳϩϣϮϯϪ ϏϷϦϮϫϩ ύϯϭϦϮϳϯϣ� >��@� $'$0 � Ͼϳϯ ϭϦϳϯϥ ϯϰϳϩϭϩϨϡϷϩϩ� ϫϯ�
ϳϯϱϼϪ ϭϯϧϮϯ ϩϲϰϯϬϽϨϯϣϡϳϽ ϣϭϦϲϳϯ ϫϬϡϲϲϩϸϦϲϫϯϤϯ ϲϳϯ϶ϡϲϳϩϸϦϲϫϯϤϯ ϤϱϡϥϩϦϮϳϮϯϤϯ
ϲϰϴϲϫϡ� ϏϢϮϯϣϬϦϮϩЀ ϣϦϲϯϣ ϥϬЀ $'$0 ϯϲϮϯϣϡϮϯ Ϯϡ ϩϲϰϯϬϽϨϯϣϡϮϩϩ ϯϷϦϮϯϫ ϥϣϴ϶
ϭϯϭϦϮϳϯϣ� ϐϦϱϣϼϪ ϩϲϰϯϬϽϨϴϦϳ ϣϼϸϩϲϬϦϮϮϼϦ ϱϡϮϦϦ ϨϮϡϸϦϮϩЀ ϸϡϲϳϮϼ϶ ϰϱϯϩϨϣϯϥ�
Ϯϼ϶� ϡ ϣϳϯϱϯϪ ϩ϶ ϫϣϡϥϱϡϳϼ� $'$0 ϸϡϲϳϯ ϩϲϰϯϬϽϨϴϿϳ ϫϡϫ ϭϦϳϯϥ ϰϯ ϴϭϯϬϸϡϮϩϿ�
ϳ�ϫ� ϯϮ ϲϸϩϳϡϦϳϲЀ ϴϲϳϯϪϸϩϣϼϭ ϫ ϣϼϢϯϱϴ ϨϮϡϸϦϮϩϪ ϤϩϰϦϱϰϡϱϡϭϦϳϱϯϣ�

ϑϡϨϤϯϣϯϱϮϼϪ Ϯϡϣϼϫ ϰϯ 2SHQ6XEWLWOHV ϰϱϩϮϩϭϡϦϳ Ϯϡ ϣ϶ϯϥ ϫϯϮϳϦϫϲϳ ϥϩϡϬϯϤϡ
ϩ ϤϦϮϦϱϩϱϴϦϳ ϱϦϰϬϩϫϴ Ϯϡ ϣϼ϶ϯϥϦ� σ ϫϡϸϦϲϳϣϦ ϭϯϥϦϬϩ ϩϲϰϯϬϽϨϴϦϳϲЀ ��϶ ϲϬϯϪϮϼϪ
ϾϮϫϯϥϦϱ�ϥϦϫϯϥϦϱ ϲ ЀϸϦϪϫϯϪ /670 ϱϡϨϭϦϱϮϯϲϳϩ ����� ύϯϥϦϬϽ ϯϢϴϸϡϬϡϲϽ Ϯϡ ϯϳ�
ϫϱϼϳϯϭ ϫϯϱϰϴϲϦ ϲϴϢϳϩϳϱϯϣ 2SHQ6XEWLWOHV >��@�

��



ϑϡϨϤϯϣϯϱϮϼϪ Ϯϡϣϼϫ ϰϯ )DFHERRN ϮϯϣϯϲϳЀϭ Ϯϡ ϣ϶ϯϥ ϰϱϩϮϩϭϡϦϳ ϫϯϮϳϦϫϲϳ
ϥϩϡϬϯϤϡ ϩ ϳϦϫϲϳ� ϯ ϫϯϳϯϱϯϭ ϩϥϦϳ ϢϦϲϦϥϡ� ϓϦϫϲϳ ϩ ϫϯϮϳϦϫϲϳ ϱϡϨϥϦϬϦϮϼ ϲϰϦϷϩϡϬϽϮϼϭ
ϳϯϫϦϮϯϭ ߨ23)ߧ �HQG RI SDUDJUDSK � ϫϯϮϦϷ ϰϡϱϡϤϱϡϵϡ�� ϋϯϮϳϦϫϲϳ ϥϩϡϬϯϤϡ S ϫϯϮϫϡ�
ϳϦϮϩϱϯϣϡϬϲЀ ϲ ϳϦϫϲϳϯϭ P = {p1,p2,...,pNp}� ϲϯϲϳϯЀϺϩϪ ϩϨ ϲϬϯϣ pi� S = P ⊕S� ώϡ
ϣϼ϶ϯϥϦ ϳϡϫϧϦ ϤϦϮϦϱϩϱϴϦϳϲЀ ϱϦϰϬϩϫϡ� σ ϫϡϸϦϲϳϣϦ ϭϯϥϦϬϩ ϩϲϰϯϬϽϨϴϦϳϲЀ ��ϲϬϯϪϮϼϪ
ϾϮϫϯϥϦϱ�ϥϦϫϯϥϦϱ ϲ ЀϸϦϪϫϯϪ /670 ϱϡϨϭϦϱϮϯϲϳϩ ����� ψϡ ϯϢϴϸϡϿϺϴϿ ϣϼϢϯϱϫϴ ϣϼ�
ϲϳϴϰϡϦϳ ϥϡϳϡϲϦϳ ϮϯϣϯϲϳϦϪ ϩϨ )DFHERRN�� ϫϯϳϯϱϼϪ ϲϯϲϳϯϩϳ ϩϨ ϰϯϲϳϯϣ�ϮϯϣϯϲϳϦϪ ϩ
ϫϯϭϭϦϮϳϡϱϩϦϣ ϩϨ )DFHERRN�

ϑϡϨϤϯϣϯϱϮϼϪ Ϯϡϣϼϫ $OLFH >��@ ϰϱϩϮϩϭϡϦϳ Ϯϡ ϣ϶ϯϥ ϫϯϮϳϦϫϲϳ ϥϩϡϬϯϤϡ ϩ ϤϦ�
ϮϦϱϩϱϴϦϳ ϱϦϰϬϩϫϴ Ϯϡ ϣϼ϶ϯϥϦ� ώϡϣϼϫ ϰϯϲϳϱϯϦϮ ϲ ϰϯϭϯϺϽϿ $,0/ �$UWLILFLDO
,QWHOOLJHQFH 0DUNXS /DQJXDJH� � ϶ϯϱϯϹϯ ϥϯϫϴϭϦϮϳϩϱϯϣϡϮϮϯϤϯ� Ϲϩϱϯϫϯ ϩϲϰϯϬϽϨϴϦ�
ϭϯϤϯ ϥϩϡϬϦϫϳϡ ЀϨϼϫϡ ;0/ ϥϬЀ ϥϦϫϬϡϱϡϳϩϣϮϯϪ ϱϡϨϱϡϢϯϳϫϩ ϥϩϡϬϯϤϯϣϼ϶ ϡϤϦϮϳϯϣ� σ
ϮϡϣϼϫϦ ϩϲϰϯϬϽϨϴϦϳϲЀ ϯϳϫϱϼϳϡЀ ϣϦϱϲϩЀ $OLFH ϩϨ *LWKXE�� ϫϯϳϯϱϡЀ ϣϫϬϿϸϡϦϳ ϣ ϲϦϢЀ
ϢϯϬϽϹϯϪ ϮϡϢϯϱ Ϥϱϡϭϭϡϳϩϫ� ϰϯϫϱϼϣϡϿϺϩϦ ϱϡϨϤϯϣϯϱϼ Ϯϡ ϯϢϺϩϦ ϳϦϭϼ�

ϑϡϨϤϯϣϯϱϮϼϦ Ϯϡϣϼϫϩ ϩϲϰϯϬϽϨϴϿϺϩϦ ϭϯϥϦϬϩ ϳϩϰϡ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�
ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ Ϯϡ ϣϼ϶ϯϥϦ ϤϦϮϦϱϩϱϴϿϳ ϮϦϲϫϯϬϽϫϯ ϱϦϰϬϩϫ� ϒϤϦϮϦϱϩϱϯϣϡϮϮϼϦ
ϱϦϰϬϩϫϩ ϭϯϤϴϳ ϢϼϳϽ ϫϯϱϯϳϫϩϭϩ ϩϬϩ ϲϯϥϦϱϧϡϳϽ ϮϦϰϱϩϦϭϬϦϭϼϦ ϩ ϰϯϣϳϯϱЀϿϺϩ�
ϦϲЀ ϲϬϯϣϡ� ϓϡϫϩϦ ϱϦϰϬϩϫϩ ϰϱϯ϶ϯϥЀϳ ϸϦϱϦϨ ϡϬϤϯϱϩϳϭ ϵϩϬϽϳϱϡϷϩϩ �ϡϬϤ� ��� φϲϬϩ
ϵϩϬϽϳϱϡϷϩϿ ϮϦ ϰϱϯϹϬϡ Ϯϩ ϯϥϮϡ ϱϦϰϬϩϫϡ� ϳϯ ϨϡϰϴϲϫϡϦϳϲЀ Ϯϡϣϼϫ $OLFH ϩϬϩ ϣϯϨ�
ϣϱϡϺϡϦϳϲЀ ϯϥϮϡ ϩϨ ϨϡϰϡϲϮϼ϶ ϱϦϰϬϩϫ� ψϡϰϡϲϮϼϦ ϱϦϰϬϩϫϩ ϣϫϬϿϸϡϿϳ ϣ ϲϦϢЀ ϳϡϫϩϦ
ϵϱϡϨϼ ϫϡϫ R'ߧ \RX OLNH WKLV WH[W"ߨ� KDW:ߧ GR \RX WKLQN DERXW WKH FRPSHWLWLRQ"ߨ ϩ ϳ�ϰ�

ρϬϤϯϱϩϳϭ �� ϕϩϬϽϳϱϡϷϩЀ ϱϦϰϬϩϫ�ϫϡϮϥϩϥϡϳϯϣ
� σ϶ϯϥ ϱϦϰϬϩϫϩ ϫϡϮϥϩϥϡϳϼ σϼ϶ϯϥ ϯϳϵϩϬϽϳϱϯϣϡϮϮϼϦ ϱϦϰϬϩϫϩ
� ϴϥϡϬϩϳϽ ϥϴϢϬϩϱϴϿϺϩϦ ϱϦϰϬϩϫϩ�
� ϴϥϡϬϩϳϽ ϫϯϱϯϳϫϩϦ ϱϦϰϬϩϫϩ�
� ϴϥϡϬϩϳϽ ϱϦϰϬϩϫϩ ϲ ϢϯϬϽϹϩϭ ϫϯϬϩϸϦϲϳϣϯϭ ϰϯϣϳϯϱЀϿϺϩ϶ϲЀ ϲϬϯϣ�
� ϴϥϡϬϩϳϽ ϱϦϰϬϩϫϩ ϲ ϢϯϬϽϹϩϭ ϫϯϬϩϸϦϲϳϣϯ ϲϳϯϰ�ϲϬϯϣ�
� ϴϥϡϬϩϳϽ ϱϦϰϬϩϫϩ ϲ ϮϦϧϦϬϡϳϦϬϽϮϼϭϩ ϲϬϯϣϡϭϩ�
� ϣϦϱϮϴϳϽ ϯϳϵϩϬϽϳϱϯϣϡϮϮϼϦ ϱϦϰϬϩϫϩ�

υϬЀ Ϯϡϣϼϫϡ ϤϦϮϦϱϡϷϩϩ ϣϯϰϱϯϲϡ ϢϼϬϡ ϱϦϡϬϩϨϯϣϡϮϡ ϭϯϥϦϬϽ ϳϩϰϡ ϰϯϲϬϦϥϯϣϡ�
ϳϦϬϽϮϯϲϳϽ � ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ ϲ ϣϮϩϭϡϮϩϦϭ� ϩϲϰϯϬϽϨϴϿϺϡЀ ϥϯϰϯϬϮϩϳϦϬϽϮϼϦ
ϰϱϩϨϮϡϫϩ >��@� σ ϫϡϸϦϲϳϣϦ ϭϯϥϦϬϩ ϩϲϰϯϬϽϨϴϦϳϲЀ ��϶ ϲϬϯϪϮϼϪ ϾϮϫϯϥϦϱ�ϥϦϫϯϥϦϱ
ϲ ϥϣϴϮϡϰϱϡϣϬϦϮϮϯϪ ЀϸϦϪϫϯϪ *58 ϱϡϨϭϦϱϮϯϲϳϩ ���� ϏϮϡ ϯϢϴϸϦϮϡ Ϯϡ ϥϡϳϡϲϦϳϦ
64X$' >��@ ϲ ϰϯϭϯϺϽϿ ϢϩϢϬϩϯϳϦϫϩ 2SHQ107� ϏϢϴϸϦϮϩϦ ϯϲϴϺϦϲϳϣϬЀϬϯϲϽ Ϯϡ
ϴϱϯϣϮϦ ϰϱϦϥϲϳϡϣϬϦϮϩЀ ϲϬϯϣ ϲ ϭϦϳϯϥϯϭ ϯϰϳϩϭϩϨϡϷϩϩ $'$0� ϑϡϨϭϦϱϮϯϲϳϽ ϣϦϫ�
ϳϯϱϮϼ϶ ϰϱϦϥϲϳϡϣϬϦϮϩϪ ϲϬϯϣ ϢϼϬϡ ϱϡϣϮϡ ϨϮϡϸϦϮϩϿ ���� ϑϡϨϭϦϱϮϯϲϳϽ ϬϦϫϲϩϸϦϲϫϩ϶
ϰϱϩϨϮϡϫϯϣ ϩ ϰϱϩϨϮϡϫϡ ϯϳϣϦϳϡ ϢϼϬϡ ϰϱϦϥϲϳϡϣϬϦϮϡ ϣϦϫϳϯϱϡϭϩ ϱϡϨϭϦϱϮϯϲϳϩ ���
Ϟϳϯϳ Ϯϡϣϼϫ ϰϱϩϮϩϭϡϦϳ Ϯϡ ϣ϶ϯϥ ϰϡϱϡϤϱϡϵ� ϩϭϦϮϯϣϡϮϮϼϦ ϲϴϺϮϯϲϳϩ ϩ ϬϦϫϲϩϸϦϲϫϩϦ

�KWWSV���JLWKXE�FRP�MEHQFLQD�IDFHERRN�QHZV
�KWWSV���JLWKXE�FRP�VOG�FRQYDL�ERW������WUHH�PDVWHU�$/,&(&KDW$3,

��



ρϬϤϯϱϩϳϭ �� ρϬϤϯϱϩϳϭ ϰϱϯϣϦϱϫϩ ϯϳϣϦϳϡ Ϯϡ ϣϯϰϱϯϲ�
σ϶ϯϥ� t� ϰϱϡϣϩϬϽϮϼϪ ϯϳϣϦϳ Ϯϡ ϣϯϰϱϯϲ
σ϶ϯϥ� p� ϯϳϣϦϳ Ϯϡ ϣϯϰϱϯϲ� ϫϯϳϯϱϼϪ ϣϼϥϡϬ ϰϯϬϽϨϯϣϡϳϦϬϽ
σ϶ϯϥ� d(t, p)� ϱϡϲϲϳϯЀϮϩϦ όϦϣϦϮϹϳϦϪϮϡ ϭϦϧϥϴ t ϩ p
σ϶ϯϥ� r()� ϵϴϮϫϷϩЀ� ϣϯϨϣϱϡϺϡϿϺϡЀ ϲϬϴϸϡϪϮϯϦ ϨϮϡϸϦϮϩϦ ϯϳ � ϥϯ �
φϲϬϩ d(t, p) ≥ 0.95 ϓϯ
σϦϱϮϴϳϽ *RRG� 7KLV LV FRUUHFW DQVZHU�

ωϮϡϸϦ
φϲϬϩ d(t, p) ≥ 0.8 ϓϯ
σϦϱϮϴϳϽ , WKLQN \RX PHDQ� t� 0\ FRQJUDWXODWLRQV�

ωϮϡϸϦ
σϦϱϮϴϳϽ +LQW� ILUVW � OHWWHUV LV t13� 7U\ DJDLQ� SOHDVH�

ϋϯϮϦϷ φϲϬϩ
ϋϯϮϦϷ φϲϬϩ

ϰϱϩϨϮϡϫϩ� ϫϯϳϯϱϼϦ ϩϨϣϬϦϫϡϬϩϲϽ ϲ ϰϯϭϯϺϽϿ ϯϳϫϱϼϳϯϤϯ ϰϱϯϤϱϡϭϭϮϯϤϯ ϫϯϭϰϬϦϫ�
ϲϡ 6WDQIRUG &RUH1/3 >��@� ϩ Ϯϡ ϣϼ϶ϯϥϦ ϣϯϨϣϱϡϺϡϦϳ ϲϤϦϮϦϱϩϱϯϣϡϮϮϼϪ ϣϯϰϱϯϲ� σϯ
ϣϱϦϭЀ ϲϳϡϥϩϩ ϰϱϦϥϲϫϡϨϡϮϩЀ ϭϯϥϦϬϽ ϰϱϩϮϩϭϡϦϳ Ϯϡ ϣ϶ϯϥ ϩϭϦϮϯϣϡϮϮϼϦ ϲϴϺϮϯϲϳϩ ϣ
ϫϡϸϦϲϳϣϦ ϯϳϣϦϳϯϣ� ϰϯ ϫϯϳϯϱϼϭ ϥϯϬϧϮϼ ϢϼϳϽ ϣϼϥϡϮϼ ϣϯϰϱϯϲϼ�

ώϡϣϼϫ ϰϱϯϣϦϱϫϩ ϯϳϣϦϳϡ Ϯϡ ϣϯϰϱϯϲ ϲϣЀϨϡϮ ϲ ϰϱϦϥϼϥϴϺϩϭ Ϯϡϣϼϫϯϭ� ϐϱϡ�
ϣϩϬϽϮϼϪ ϯϳϣϦϳ ϥϬЀ ϫϡϧϥϯϤϯ ϣϯϰϱϯϲϡ ЀϣϬЀϦϳϲЀ ϩϭϦϮϯϣϡϮϮϯϪ ϲϴϺϮϯϲϳϽϿ� ϫϯϳϯϱϡЀ
ϩϨϣϬϦϫϡϦϳϲЀ ϲ ϰϯϭϯϺϽϿ 6WDQIRUG &RUH1/3� Ϟϳϯϳ Ϯϡϣϼϫ ϰϱϯϣϦϱЀϦϳ ϰϱϡϣϩϬϽϮϯϲϳϽ
ϯϳϣϦϳϡ� ϫϯϳϯϱϼϪ ϥϡϬ ϰϯϬϽϨϯϣϡϳϦϬϽ� ϩϲϰϯϬϽϨϴЀ ϱϡϲϲϳϯЀϮϩϦ όϦϣϦϮϹϳϦϪϮϡ ϩ ϡϬϤ� ��
σϰϯϲϬϦϥϲϳϣϩϩ Ϯϡϣϼϫ ϩϲϰϯϬϽϨϴϦϳ ϹϡϢϬϯϮϼ� ϰϯ ϫϯϳϯϱϼϭ ϣϼϥϡϦϳϲЀ ϯϳϣϦϳ ϰϯϬϽϨϯϣϡ�
ϳϦϬϿ� ϮϡϰϱϩϭϦϱ� ϥϬЀ ϯϳϣϦϳϡ ߨJRRJOHߧ ϲϬϦϥϴϿϺϡЀ ϱϦϰϬϩϫϡ ϢϴϥϦϳ ϣϼϥϡϮϡ� ϣ ϲϬϴϸϡϦ
ϦϲϬϩ ϰϯϬϽϨϯϣϡϳϦϬϽ ϯϳϣϦϳϩϬ ϮϦϣϦϱϮϯ� RX>ߧ FDQ GR EHWWHU� +LQW� ILUVW � OHWWHUV LV JRRߨ�

ώϡϣϼϫ ϯϳϣϦϳϡ Ϯϡ ϣϯϰϱϯϲ ϩϲϰϯϬϽϨϴϦϳ ϭϯϥϦϬϽ %L'$) � ELGLUHFWLRQDO DWWHQWLRQ
IORZ PRGHO >��@ � ϥϣϴϮϡϰϱϡϣϬϦϮϮϴϿ ϱϦϫϴϱϱϦϮϳϮϴϿ ϮϦϪϱϯϮϮϴϿ ϲϦϳϽ ϲ ϭϦ϶ϡϮϩϨ�
ϭϯϭ ϣϮϩϭϡϮϩЀ� ώϡ ϣ϶ϯϥ ϭϯϥϦϬϩ ϩϥϦϳ ϣϯϰϱϯϲ ϰϯϬϽϨϯϣϡϳϦϬЀ� ϳϦϫϲϳ ϩ Ϯϡ ϣϼ϶ϯϥϦ
ϣϯϨϣϱϡϺϡϦϳϲЀ ϯϳϣϦϳ� σϰϯϲϬϦϥϲϳϣϩϩ� Ͼϳϯϳ ϯϳϣϦϳ ϩϲϰϯϬϽϨϴϦϳϲЀ ϣ ϯϥϮϯϪ ϩϨ ϹϡϢϬϯϮ�
Ϯϼ϶ ϵϱϡϨ� ϫϯϳϯϱϡЀ ϣϼϥϡϦϳϲЀ ϰϯϬϽϨϯϣϡϳϦϬϿ �ϮϡϰϱϩϭϦϱ� ,ߧ WKLQN WKH DQVZHU LV ��ߨ���
σ ϥϡϮϮϯϪ ϱϡϢϯϳϦ ϩϲϰϯϬϽϨϯϣϡϮϡ ϯϳϫϱϼϳϡЀ ϣϦϱϲϩЀ ϭϯϥϦϬϩ %L'$) ϱϡϨϭϦϺϦϮϮϡЀ Ϯϡ
*LWKXE��

ϐϡϱϡϤϱϡϵ ϳϦϫϲϳϡ� ϯ ϫϯϳϯϱϯϭ Ϯϡϥϯ ϢϦϲϦϥϯϣϡϳϽ� ϲϯϲϳϯϩϳ ϩϨ ���� ϰϱϦϥϬϯϧϦ�
ϮϩϪ� ώϡϣϼϫ ϱϦϵϦϱϩϱϯϣϡϮϩЀ ϭϯϧϦϳ ϰϯϭϯϸϽ ϰϯϬϽϨϯϣϡϳϦϬϿ ϣ ϾϫϯϮϯϭϩϩ ϣϱϦϭϦϮϩ Ϯϡ
ϸϳϦϮϩϦ ϩ ϣ ϣϯϣϬϦϸϦϮϩϩ ϦϤϯ ϣ ϢϦϲϦϥϴ�

υϬЀ ϾϳϯϤϯ Ϯϡϣϼϫϡ ϢϼϬϡ ϩϲϰϯϬϽϨϯϣϡϮϡ ϭϯϥϦϬϽ ϳϩϰϡ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�
ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ ϲ ϣϮϩϭϡϮϩϦϭ� ϰϱϦϥϯϢϴϸϦϮϮϡЀ Ϯϡ ϥϡϳϡϲϦϳϦ *LJDZRUG Ϯϡ
2SHQ107�� σ ϫϡϸϦϲϳϣϦ ϭϯϥϦϬϩ ϩϲϰϯϬϽϨϴϦϳϲЀ ��϶ ϲϬϯϪϮϼϪ ϾϮϫϯϥϦϱ�ϥϦϫϯϥϦϱ ϲ
ЀϸϦϪϫϯϪ /670 ϱϡϨϭϦϱϮϯϲϳϩ ���� ϑϡϨϭϦϱϮϯϲϳϽ ϣϦϫϳϯϱϮϼ϶ ϰϱϦϥϲϳϡϣϬϦϮϩϪ ϲϬϯϣ
ϱϡϣϮϡ ���� ύϯϥϦϬϽ ϰϱϩϮϩϭϡϦϳ Ϯϡ ϣ϶ϯϥ ϫϴϲϫϩ ϩϨ ϨϡϥϡϮϮϯϤϯ ϳϦϫϲϳϡ ϩ ϣϯϨϣϱϡϺϡϦϳ

�KWWSV���JLWKXE�FRP�DOOHQDL�EL�DWW�IORZ
�KWWS���RSHQQPW�QHW�0RGHOV��HQJOLVK�VXPPDUL]DWLRQ

��



ϲϯϫϱϡϺϦϮϮϼϦ ϣϦϱϲϩϩ� σϰϯϲϬϦϥϲϳϣϩϩ� Ͼϳϯϳ ϯϳϣϦϳ ϩϲϰϯϬϽϨϴϦϳϲЀ ϣ ϯϥϮϯϪ ϩϨ ϹϡϢ�
ϬϯϮϮϼ϶ ϵϱϡϨ� ϫϯϳϯϱϡЀ ϣϼϥϡϦϳϲЀ ϰϯϬϽϨϯϣϡϳϦϬϿ �ϮϡϰϱϩϭϦϱ� 0D\EHߧ WKLV DUWLFOHߤV
PDLQ LGHD LV ���ߨ��� υϬЀ ϣϼϢϯϱϡ ϬϴϸϹϦϤϯ ϯϳϣϦϳϡ ϰϱϩϭϦϮЀϦϳϲЀ ϡϬϤ� ��

ϔϰϯϭϩϮϡϮϩϦ ϯϲϮϯϣϮϯϪ ϳϦϭϼ ϳϦϫϲϳϡ ϭϯϧϦϳ ϣϯϣϬϦϸϽ ϰϯϬϽϨϯϣϡϳϦϬЀ ϣ ϢϦϲϦϥϴ�
ώϡϣϼϫ ϯϰϱϦϥϦϬϦϮϩЀ ϳϦϭϼ ϱϦϡϬϩϨϯϣϡϮ ϲ ϰϯϭϯϺϽϿ ϢϩϢϬϩϯϳϦϫϩ ϥϬЀ ϳϦϭϡϳϩϸϦ�
ϲϫϯϤϯ ϭϯϥϦϬϩϱϯϣϡϮϩЀ %LJ$570� %LJ$570 � Ͼϳϯ ϩϮϲϳϱϴϭϦϮϳ ϥϬЀ ϳϦϭϡϳϩϸϦϲϫϯϤϯ
ϭϯϥϦϬϩϱϯϣϡϮϩЀ� ϯϲϮϯϣϡϮϮϼϪ Ϯϡ ϭϦϳϯϥϦ ϡϥϥϩϳϩϣϮϯϪ ϱϦϤϴϬЀϱϩϨϡϷϩϩ ϳϦϭϡϳϩϸϦ�
ϲϫϩ϶ ϭϯϥϦϬϦϪ� ρϥϥϩϳϩϣϮϡЀ ϱϦϤϴϬЀϱϩϨϡϷϩϩ ϣ %LJ$570 ϰϯϨϣϯϬЀϦϳ ϱϡϨϱϡϢϡϳϼϣϡϳϽ
ϭϯϥϦϬϩ ϲ ϨϡϥϡϮϮϼϭϩ ϲϣϯϪϲϳϣϡϭϩ ϰϴϳЂϭ ϫϯϭϢϩϮϩϱϯϣϡϮϩЀ Ϥϯϳϯϣϼ϶ ϭϯϥϴϬϦϪ�
ϱϦϤϴϬЀϱϩϨϡϳϯϱϯϣ >��@�

ςϼϬϯ ϱϦϡϬϩϨϯϣϡϮϯ � Ϯϡϣϼϫϡ ϮϦ ϩϲϰϯϬϽϨϴϿϺϩ϶ ϫϯϮϳϦϫϲϳ ϥϩϡϬϯϤϡ� ϳϦϫϴϺϴϿ
ϱϦϰϬϩϫϴ ϩ ϰϡϱϡϤϱϡϵ ϳϦϫϲϳϡ� ϏϮϩ ϯϢϡ ϲϯϲϳϯЀϳ ϩϨ ϵϱϡϨ ϮϡϰϩϲϡϮϮϼ϶ ϣϱϴϸϮϴϿ� ϫϯϳϯ�
ϱϼϦ ϣϼϢϩϱϡϿϳϲЀ ϲϬϴϸϡϪϮϯ ϩ ϯϳϰϱϡϣϬЀϿϳϲЀ ϰϯϬϽϨϯϣϡϳϦϬϿ�

ώϡϣϼϫ ϰϱϩϣϦϳϲϳϣϩЀ ϩϲϰϯϬϽϨϴϦϳϲЀ ϣ ϮϡϸϡϬϦ ϥϩϡϬϯϤϡ� ϦϲϬϩ ϰϯϬϽϨϯϣϡϳϦϬϽ
ϭϯϬϸϩϳ ϣ ϳϦϸϦϮϩϦ ϮϦϫϯϳϯϱϯϤϯ ϣϱϦϭϦϮϩ� ϏϮ ϣϫϬϿϸϡϦϳ ϣ ϲϦϢЀ ϳϡϫϩϦ ϵϱϡϨϼ ϫϡϫ HOO:ߧ
KHOOR WKHUHߨ�� �ߨ�L\D+ߧ ϩ ϳ�ϰ�

ώϡϣϼϫ ϯϢϺϩ϶ ϵϱϡϨ ϩϲϰϯϬϽϨϴϦϳϲЀ ϣϯ ϣϱϦϭЀ ϥϩϡϬϯϤϡ� ϦϲϬϩ ϰϯϬϽϨϯϣϡϳϦϬϽ ϮϦ
ϰϱϯЀϣϬЀϦϳ ϡϫϳϩϣϮϯϲϳϩ ϣ ϳϦϸϦϮϩϦ ϮϦϫϯϳϯϱϯϤϯ ϣϱϦϭϦϮϩ ϩϬϩ ϦϲϬϩ ϣϲϦ ϥϱϴϤϩϦ Ϯϡϣϼϫϩ
ϣϦϱϮϴϬϩ ϰϴϲϳϯϪ ϯϳϣϦϳ� ϏϮ ϣϫϬϿϸϡϦϳ ϣ ϲϦϢЀ ϳϡϫϩϦ ϵϱϡϨϼ ϫϡϫ KDW:ߧ GR \RX WKLQN
DERXW &RQY$, FRPSHWLWLRQ"ߨ� R'ߧ \RX OLNH WKLV WH[W"ߨ� ϩ ϳ�ϰ�

σϼϢϯϱ Ϯϡϣϼϫϡ ϰϱϯϩϨϣϯϥϩϳϲЀ ϥϩϡϬϯϤϯϣϼϭ ϭϦϮϦϥϧϦϱϯϭ� ψϡϥϡϸϦϪ ϥϩϡϬϯϤϯ�
ϣϯϤϯ ϭϦϮϦϥϧϦϱϡ ЀϣϬЀϦϳϲЀ ϣϼϢϯϱ Ϯϡϣϼϫϡ ϲ ϰϯϭϯϺϽϿ ϫϯϳϯϱϯϤϯ ϢϴϥϦϳ ϣϼϥϡϮ ϯϳϣϦϳ
ϰϯϬϽϨϯϣϡϳϦϬϿ� σ ϥϡϮϮϯϪ ϱϡϢϯϳϦ ϯϰϩϲϡϮ ϥϩϡϬϯϤϯϣϼϪ ϭϦϮϦϥϧϦϱ� ϫϯϳϯϱϼϪ ϱϦϹϡϦϳ
ϰϱϯϢϬϦϭϴ ϶ϯϬϯϥϮϯϤϯ ϲϳϡϱϳϡ� υϬЀ ϦϤϯ ϱϡϢϯϳϼ ϳϱϦϢϴϿϳϲЀ ϳϯϬϽϫϯ ϥϡϮϮϼϦ ϲϡϭϩ϶ Ϯϡ�
ϣϼϫϯϣ� ϬϩϢϯ ϮϦϲϫϯϬϽϫϯ ϰϯϥϤϯϳϯϣϬϦϮϮϼ϶ ϵϱϡϨ�

υϩϡϬϯϤϯϣϼϪ ϭϦϮϦϥϧϦϱ� ϰϱϦϥϲϳϡϣϬϦϮϮϼϪ Ϯϡ ϱϩϲ� �� ϩϲϰϯϬϽϨϴϦϳ � ϫϬϡϲϲϩϵϩ�
ϫϡϳϯϱϡ� ϫϯϳϯϱϼϦ ϰϱϩϮϩϭϡϿϳ Ϯϡ ϣ϶ϯϥ ϫϯϮϳϦϫϲϳ ϥϩϡϬϯϤϡ ϩϬϩ ϱϦϰϬϩϫϴ ϰϯϬϽϨϯϣϡϳϦϬЀ
ϩ ϣϯϨϣϱϡϺϡϿϳ Ϯϡϣϼϫ� ϫϯϳϯϱϼϪ ϥϯϬϧϦϮ ϣϼϥϡϳϽ ϯϳϣϦϳ�

ϐϦϱϣϼϪ ϫϬϡϲϲϩϵϩϫϡϳϯϱ ϩϲϰϯϬϽϨϴϦϳ ϮϦϢϯϬϽϹϴϿ ϯϢϴϸϡϿϺϴϿ ϣϼϢϯϱϫϴ� ϲϯ�
ϲϳϯЀϺϴϿ ϩϨ ϮϦϲϫϯϬϽϫϩ϶ ϵϱϡϨ Ϯϡ Ϯϡϣϼϫ� ϲϱϦϥϮϦϦ ϨϮϡϸϦϮϩϦ ϣϦϫϳϯϱϮϯϤϯ ϰϱϦϥϲϳϡϣ�
ϬϦϮϩЀ ϲϬϯϣ �Ϯϡ ϯϲϮϯϣϦ *OR9H ϰϱϦϥϲϳϡϣϬϦϮϩϪ�� ϩ ϭϦϳϯϥ N�ϢϬϩϧϡϪϹϩ϶ ϲϯϲϦϥϦϪ
�N�11��

σϳϯϱϯϪ ϫϬϡϲϲϩϵϩϫϡϳϯϱ ϩϲϰϯϬϽϨϴϦϳ ϢϯϬϽϹϴϿ ϯϢϴϸϡϿϺϴϿ ϣϼϢϯϱϫϴ ϩ ϢϩϢ�
ϬϩϯϳϦϫϴ IDVW7H[W� )DVW7H[W � Ͼϳϯ ϢϩϢϬϩϯϳϦϫϡ ϥϬЀ ϱϦϡϬϩϨϡϷϩϩ ϫϬϡϲϲϩϵϩϫϡϳϯϱϯϣ
ϳϦϫϲϳϯϣ ϩ ϯϢϴϸϦϮϩЀ ϰϱϦϥϲϳϡϣϬϦϮϩϪ >��@� )DVW7H[W ϭϯϥϦϬϽ ϢϼϬϡ ϯϢϴϸϦϮϡ�� ϰϱϦϥ�
ϲϫϡϨϼϣϡϳϽ � ϫϬϡϲϲϯϣ �ϱϩϲ� ���

ώϡ ϱϩϲ� � ϰϱϦϥϲϳϡϣϬϦϮ ϬϩϮϦϪϮϼϪ ϫϬϡϲϲϩϵϩϫϡϳϯϱ IDVW7H[W� υϬЀ ϰϯϥϲϸϦ�
ϳϡ ϱϡϲϰϱϦϥϦϬϦϮϩЀ ϣϦϱϯЀϳϮϯϲϳϦϪ ϰϯ ϫϬϡϲϲϡϭ ϩϲϰϯϬϽϨϴϦϳϲЀ ϵϴϮϫϷϩЀ VRIWPD[ f �
ϏϢϴϸϦϮϩЀ ϮϡϢϯϱϡ ϩϨ N ϥϯϫϴϭϦϮϳϯϣ ϰϱϯϣϯϥϩϳϲЀ ϰϴϳϦϭ ϭϩϮϩϭϩϨϡϷϩϩ ϵϴϮϫϷϩϩ

�KWWSV���QOS�VWDQIRUG�HGX�SURMHFWV�JORYH�
��ϒϫϱϩϰϳ ϯϢϴϸϦϮϩЀ ϥϯϲϳϴϰϦϮ ϰϯ ϲϲϼϬϫϦ KWWSV���JLWKXE�FRP�VOG�FRQYDL�ERW������WUHH�
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ϑϩϲϴϮϯϫ � ߞߞ υϩϡϬϯϤϯϣϼϪ ϭϦϮϦϥϧϦϱ ϲ ϫϬϡϲϲϩϵϩϫϡϳϯϱϡϭϩ� ϩ϶ ϯϢϴϸϡϿϺϦϪ ϣϼϢϯϱ�
ϫϯϪ ϩ ϭϮϯϧϦϲϳϣϯϭ ϮϡϩϭϦϮϯϣϡϮϩϪ ϫϬϡϲϲϯϣ �Ϯϡϣϼϫϯϣ��

ϫϱϯϲϲ�ϾϮϳϱϯϰϩϩ�

− 1

N

N∑

n=1

yn log(f(BAxn)),

ϤϥϦ xn � ϮϯϱϭϡϬϩϨϯϣϡϮϮϼϪ ϭϦϹϯϫ ϰϱϩϨϮϡϫϯϣ ϥϬЀ n�Ϥϯ ϥϯϫϴϭϦϮϳϡ� yn � ϭϦϳϫϡ
ϫϬϡϲϲϡ� A ϩ B ϭϡϳϱϩϷϼ ϣϦϲϯϣ� ύϯϥϦϬϽ ϯϢϴϸϡϦϳϲЀ ϰϡϱϡϬϬϦϬϽϮϯ ϭϦϳϯϥϯϭ ϲϳϯ϶ϡ�
ϲϳϩϸϦϲϫϯϤϯ ϤϱϡϥϩϦϮϳϮϯϤϯ ϲϰϴϲϫϡ ϲ ϬϩϮϦϪϮϯ Ϩϡϳϴ϶ϡϿϺϦϪ ϲϫϯϱϯϲϳϽϿ ϯϢϴϸϦϮϩЀ�

σϲϦ Ϯϡϣϼϫϩ ϭϯϤϴϳ ϢϼϳϽ ϰϯϥϦϬϦϮϼ Ϯϡ � ϫϡϳϦϤϯϱϩϩ� ϢϦϨ ϯϢϴϸϡϿϺϦϪ ϣϼϢϯϱ�
ϫϩ ϩϬϩ ϲ ϮϦϪ� υϬЀ ϱϡϨϤϯϣϯϱϮϼ϶ ϩ ϣϯϰϱϯϲϮϯ�ϯϳϣϦϳϮϼ϶ Ϯϡϣϼϫϯϣ ϩϭϦϿϳϲЀ ϥϡϮϮϼϦ ϲ
ϱϦϰϬϩϫϡϭϩ� ϣϯϰϱϯϲϡϭϩ ϩ ϯϳϣϦϳϡϭϩ� ω϶ ϮϡϬϩϸϩϦ ϰϯϨϣϯϬЀϦϳ ϯϢϴϸϩϳϽ ϫϬϡϲϲϩϵϩϫϡ�
ϳϯϱ ϣϼϢϱϡϳϽ ϢϯϬϦϦ ϰϯϥ϶ϯϥЀϺϴϿ ϣ϶ϯϥϮϴϿ ϱϦϰϬϩϫϴ ϰϯϬϽϨϯϣϡϳϦϬЀ ϥϬЀ ϫϡϫϯϤϯ�ϬϩϢϯ
ϥϡϳϡϲϦϳϡ �ϩ ϲϬϦϥϯϣϡϳϦϬϽϮϯ Ϯϡϣϼϫϡ�� ώϡϣϼϫϩ ϱϦϵϦϱϩϱϯϣϡϮϩЀ� ϯϰϱϦϥϦϬϦϮϩЀ ϳϦϭϼ
ϩ ϤϦϮϦϱϡϷϩϩ ϣϯϰϱϯϲϯϣ ϮϦ ϩϭϦϿϳ ϥϡϮϮϼ϶� ϰϯ ϫϯϳϯϱϼϭ ϭϯϧϮϯ ϰϯϮЀϳϽ� ϸϳϯ Ϯϴϧ�
Ϯϯ ϩ϶ ϣϼϢϩϱϡϳϽ� υϬЀ Ͼϳϩ϶ Ϯϡϣϼϫϯϣ ϢϼϬϯ ϮϡϰϩϲϡϮϯ ϰϯ ���� ϵϱϡϨ� ϫϯϳϯϱϼϦ ϢϼϬϩ
ϩϲϰϯϬϽϨϯϣϡϮϼ ϲ N�11 ϣϭϦϲϳϦ ϲϯ ϲϱϦϥϮϩϭ ϨϮϡϸϦϮϩϦϭ ϣϦϫϳϯϱϮϼ϶ ϰϱϦϥϲϳϡϣϬϦϮϩϪ
ϲϬϯϣ ϵϱϡϨϼ�

ώϡϰϱϩϭϦϱ� ϩϭϦϦϳϲЀ � Ϯϡϣϼϫϡ � 2SHQ 6XEWLWOHV ϩ ϯϰϱϦϥϦϬϦϮϩϦ ϳϦϭϼ� ϐϦϱϣϼϪ
Ϯϡϣϼϫ ϩϲϰϯϬϽϨϴϦϳ ϫϬϡϲϲϩϵϩϫϡϳϯϱ� ϯϢϴϸϦϮϮϼϪ ϲ ϰϯϭϯϺϽϿ IDVW7H[W� ϳ�ϫ� ϣϭϦϲϳϦ
ϲ Ϯϩϭ ϩϥϦϳ ϭϮϯϧϦϲϳϣϯ ϥϩϡϬϯϤϯϣϼ϶ ϱϦϰϬϩϫ� ϳϡϫϩ϶ ϫϡϫ \7KHߧ VWLOO EHKLQG XV"ߨ�
�6HQRUDߧ JLYH PH D EUHDNߨ� ϩ ϳ�ϰ� σϳϯϱϯϪ Ϯϡϣϼϫ ϳϡϫϩ϶ ϱϦϰϬϩϫ ϮϦ ϩϭϦϦϳ� ώϡϰϩϲϡϣ

��



x1 x2 . . . xN−1 xN

KLGGHQ

RXWSXW

ϑϩϲϴϮϯϫ � ߞߞ ρϱ϶ϩϳϦϫϳϴϱϡ ϫϬϡϲϲϩϵϩϫϡϳϯϱϡ IDVW7H[W ϲ ϰϱϩϨϮϡϫϡϭϩ Q�Ϥϱϡϭ
x1, . . . ,xN � Ϟϳϩ ϰϱϩϨϮϡϫϩ ϫϯϥϩϱϴϿϳϲЀ ϣ ϣϦϫϳϯϱϮϼϦ ϰϱϦϥϲϳϡϣϬϦϮϩЀ ϩ ϴϲϱϦϥϮЀϿϳϲЀ

ϥϬЀ ϰϯϬϴϸϦϮϩЀ ϲϫϱϼϳϯϤϯ ϲϯϲϳϯЀϮϩЀ �KLGGHQ��

ϥϬЀ ϮϦϤϯ ϮϦϲϫϯϬϽϫϯ ϵϱϡϨ� ϳϡϫϩ϶ ϫϡϫ KDW:ߧ LV WKH WKHPH RI WH[W"ߨ� \6Dߧ PH WKHPHߨ�
7KLVߧ WH[W PDLQ WRSLFVߨ� ϭϯϧϮϯ ϯϢϴϸϩϳϽ N�11 ϫϬϡϲϲϩϵϩϫϡϳϯϱ�

σ ϱϡϨϥϦϬϦ ��� ϰϱϩϣϯϥϩϳϲЀ ϡϮϡϬϩϨ ϱϡϢϯϳϼ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ� ϣϫϬϿϸϡЀ
ϲϱϡϣϮϦϮϩϦ ϲ ϥϱϴϤϯϪ ϰϯϢϦϥϩϣϹϦϪ ϲϩϲϳϦϭϯϪ� ϡϮϡϬϩϨ ϸϡϲϳϯϳϼ ϩϲϰϯϬϽϨϯϣϡϮϩЀ Ϯϡ�
ϣϼϫϯϣ� ϯϷϦϮϫϴ ϫϡϸϦϲϳϣϡ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ ϩ ϲϣϦϥϦϮϩЀ� ϰϯϬϴϸϦϮϮϼϦ ϰϯϲϬϦ
ϸϳϦϮϩЀ ϥϩϡϬϯϤϯϣ�

ϐϦϱϣϡЀ ϣϦϱϲϩЀ ERW����� ϣϫϬϿϸϡϬϡ ϣ ϲϦϢЀ ϱϡϨϤϯϣϯϱϮϼϪ ϩ ϣϯϰϱϯϲϮϯ�
ϯϳϣϦϳϮϼϪ Ϯϡϣϼϫ ϲ ϥϩϡϬϯϤϯϣϼϭ ϭϦϮϦϥϧϦϱϯϭ Ϯϡ ϰϱϡϣϩϬϡ϶ ϩ IDVW7H[W
ϫϬϡϲϲϩϵϩϫϡϳϯϱϯϭ� Ϟϳϡ ϣϦϱϲϩЀ ϨϡϮЀϬϡ ϣϳϯϱϯϦ ϭϦϲϳϯ ϲϯ ϲϱϦϥϮϦϪ ϯϷϦϮϫϯϪ ����
ϩϨ �� ϐϯϢϦϥϩϣϹϩϪ Ϣϯϳ ϮϡϢϱϡϬ ����� ϡ ϸϦϬϯϣϦϫ ���� σϼϬϯϧϦϮϮϼϦ ϥϡϮϮϼϦ ϲϯϥϦϱ�
ϧϡϬϩ ϣ ϲϦϢϦ ϩϮϵϯϱϭϡϷϩϿ� ϡϮϡϬϩϨ ϫϯϳϯϱϯϪ ϰϯϭϯϤ ϣ ϲϯϲϳϡϣϬϦϮϩϩ ϲϬϦϥϴϿϺϩ϶
ϹϡϤϯϣ ϰϯ ϱϡϨϣϩϳϩϿ ϡϤϦϮϳϡ� ςϼϬϯ ϰϱϩϮЀϳϯ ϱϦϹϦϮϩϦ ϥϯϢϡϣϩϳϽ ϱϡϨϤϯϣϯϱϮϼϪ Ϯϡϣϼϫ
$OLFH� Ϯϡϣϼϫ ϱϦϵϦϱϩϱϯϣϡϮϩЀ ϩ ϯϰϱϦϥϦϬϦϮϩЀ ϳϦϭϼ� σ Ϯϡϣϼϫ ϰϱϩϣϦϳϲϳϣϩЀ ϢϼϬϯ
ϥϯϢϡϣϬϦϮϯ ϴϰϯϭϩϮϡϮϩϦ ϳϦϭϼ ϳϦϫϲϳϡ� ώϯϣϼϦ Ϯϡϣϼϫϩ ϳϱϦϢϯϣϡϬϩ ϥϯϢϡϣϬϦϮϩЀ Ϯϯ�
ϣϼ϶ ϰϱϡϣϩϬ ϥϬЀ ϩ϶ ϣϼϨϯϣϡ� σϭϦϲϳϯ ϰϱϡϣϩϬ ϢϼϬ ϥϯϢϡϣϬϦϮ ϫϬϡϲϲϩϵϩϫϡϳϯϱ N�11
ϥϬЀ Ϯϡϣϼϫϯϣ ϢϦϨ ϥϩϡϬϯϤϯϣϼ϶ ϥϡϮϮϼ϶� ϓϡϫϩϭ ϯϢϱϡϨϯϭ� ϨϮϡϸϩϳϦϬϽϮϯ ϴϰϱϯϲϳϩϬϲЀ
ϰϱϯϷϦϲϲ ϱϡϨϱϡϢϯϳϫϩ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϼ� σϲϦ Ͼϳϯ ϣ ϱϦϨϴϬϽϳϡϳϦ ϰϱϩϣϦϬϯ ϫ ϰϯϢϦϥϦ
ERW����� ϣ ϵϩϮϡϬϦ ϲϯϱϦϣϮϯϣϡϮϩЀ �ϳϡϢϬ� ���

ϓϡϢϬϩϷϡ � ߞߞ ϑϦϨϴϬϽϳϡϳϼ ϵϩϮϡϬϡ &RQY$,�
ςϯϳ ϋϡϸϦϲϳϣϯ � ϋϯϬϩϸϦϲϳϣϯ ϥϩϡϬϯϤϯϣ
ERW����� ����� ��
SRHWZDQQDEH ����� ��
5//&KDW%RW ����� ��
N$,E ��� ��
3RO\8 ���� ��
'HHS7DON+DZN ����� ��

υϬЀ ϬϴϸϹϦϤϯ ϰϯϮϩϭϡϮϩЀ ϰϱϯϢϬϦϭ Ϣϯϳϡ ϩ ϥϬЀ ϱϡϨϱϡϢϯϳϫϩ ϥϡϬϽϮϦϪϹϩ϶ϹϡϤϯϣ
ϰϯ ϴϬϴϸϹϦϮϩϿ� ϢϼϬϡ ϰϱϯϡϮϡϬϩϨϩϱϯϣϡϮϡ ϸϡϲϳϯϳϡ ϩϲϰϯϬϽϨϯϣϡϮϩЀ Ϯϡϣϼϫϯϣ� ϫϡϸϦ�
ϲϳϣϯ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ ϩ ϥϩϡϬϯϤϩ ϵϩϮϡϬϡ� �� ϥϩϡϬϯϤϯϣ ϲϩϲϳϦϭϼ ERW�����

��



ϢϼϬϩ ϰϱϦϥϯϲϳϡϣϬϦϮϼ ϯϱϤϡϮϩϨϡϳϯϱϡϭϩ ϲϯϱϦϣϮϯϣϡϮϩЀ� ϐϯϬϴϸϦϮϮϼϦ ϥϩϡϬϯϤϩ ϢϼϬϩ
ϣϱϴϸϮϴϿ ϱϡϨϭϦϸϦϮϼ ϳϡϫ� ϸϳϯ ϫϡϧϥϯϪ ϱϦϰϬϩϫϦ ϢϼϬ ϰϱϯϲϳϡϣϬϦϮ Ϯϡϣϼϫ� ϣϼϥϡϮϮϼϪ
ϲϩϲϳϦϭϯϪ �ϰϱϦϥϲϫϡϨϡϮϮϼϪ ϫϬϡϲϲ�� ϩ Ϯϡϣϼϫ� ϫϯϳϯϱϼϪ ϭϯϤ Ϣϼ ϬϴϸϹϦ ϰϯϥϯϪϳϩ ϰϯϥ
ϫϯϮϳϦϫϲϳ ϥϩϡϬϯϤϡ �ϩϲϳϩϮϮϼϪ ϫϬϡϲϲ��

σ ϳϡϢϬ� � ϰϯϫϡϨϡϮϯ ϱϡϲϰϱϦϥϦϬϦϮϩЀ ϩϲϰϯϬϽϨϯϣϡϮϩЀ Ϯϡϣϼϫϯϣ ERW����� ϣ ϵϩ�
ϮϡϬϦ &RQY$,� ϏϮϩ ϲϤϱϴϰϰϩϱϯϣϡϮϼ ϰϯ ϯϷϦϮϫϦ ϥϩϡϬϯϤϡ ϸϦϬϯϣϦϫϯϭ� ςϼϬϯ ϰϯϲϸϩϳϡϮϯ
ϲϫϯϬϽϫϯ ϱϡϨ ϫϡϧϥϼϪ ϳϩϰ Ϯϡϣϼϫϡ ϢϼϬ ϩϲϰϯϬϽϨϯϣϡϮ ϣ ϥϩϡϬϯϤϡ϶� ϑϡϨϤϯϣϯϱϮϼϦ Ϯϡϣϼ�
ϫϩ ϣϫϬϿϸϡϿϳ ϣ ϲϦϢЀ 2SHQ6XEWLWOHV� )DFHERRN ϩ $OLFH� 4	$ ϣϫϬϿϸϡϦϳ ϣ ϲϦϢЀ Ϯϡϣϼϫ
ϯϳϣϦϳϡ Ϯϡ ϣϯϰϱϯϲ� ϰϱϯϣϦϱϫϩ ϯϳϣϦϳϡ ϩ ϤϦϮϦϱϡϷϩϩ ϣϯϰϱϯϲϡ� ρϮϡϬϩϨ ϳϡϢϬ� � ϰϯϫϡϨϡϬ�
ϸϳϯ ϱϡϨϤϯϣϯϱϮϼϦ Ϯϡϣϼϫϩ ϲϡϭϼϦ ϸϡϲϳϯϳϮϼϦ� ϒϯϯϳϣϦϳϲϳϣϦϮϮϯ� ϩ϶ ϮϴϧϮϯ ϱϡϨϥϦϬЀϳϽ
Ϯϡ ϢϯϬϦϦ ϲϰϦϷϩϵϩϸϮϼϦ Ϯϡϣϼϫϩ ϩ ϣϮϩϭϡϳϦϬϽϮϯ ϱϦϡϬϩϨϯϣϼϣϡϳϽ� ώϡϣϼϫϩ ϱϦϵϦϱϩ�
ϱϯϣϡϮϩЀ ϩ ϯϰϱϦϥϦϬϦϮϩЀ ϳϦϭϼ ϩϲϰϯϬϽϨϴϿϳϲЀ ϱϦϥϫϯ� ϳ�ϫ� ϯϮϩ ϣϼϨϼϣϡϿϳϲЀ ϳϯϬϽϫϯ
ϯϥϩϮ ϱϡϨ Ϩϡ ϣϦϲϽ ϥϩϡϬϯϤ� Ϟϳϯ ϮϦ ϨϮϡϸϩϳ� ϸϳϯ ϯϮϩ ϢϦϲϰϯϬϦϨϮϼ� ω϶ ϣϼϨϯϣ ϣϯϣϬϦϫϡϦϳ
ϰϯϬϽϨϯϣϡϳϦϬЀ ϣ ϢϦϲϦϥϴ�

ϓϡϢϬϩϷϡ � ߞߞ ϑϡϲϰϱϦϥϦϬϦϮϩϦ ϣϼϨϯϣϡ Ϯϡϣϼϫϯϣ ϥϬЀ ϫϡϧϥϯϪ ϯϷϦϮϫϩ ϣ ϵϩϮϡϬϦ
&RQY$,�

ϏϷϦϮϫϡ ϑϡϨϤ�
Ϯϡϣ�� �

4	$
� �

ϑϦϵϦϱ��
�

Ϗϰϱ�
ϳϦϭϼ
� �

ϐϱϩϣϦϳϲ�� � ϏϢϺ�
ϵϱϡϨϼ

� ���� ���� ��� ��� ��� ���
� ���� ���� ��� ��� ��� ���
� �� �� ��� ��� ��� ���
� ���� ���� ��� ��� ��� �
� ���� ���� ��� ��� ��� ���

ωϭϦЀ Ϯϡϣϼϫ� ϣϼϥϡϮϮϼϪ ϲϩϲϳϦϭϯϪ �ϰϱϦϥϲϫϡϨϡϮϮϼϪ ϫϬϡϲϲ�� ϩ ϣϱϴϸϮϴϿ ϰϱϯ�
ϲϳϡϣϬϦϮϮϼϪ Ϯϡϣϼϫ� ϫϯϳϯϱϼϪ ϭϯϤ Ϣϼ ϬϴϸϹϦ ϰϯϥϯϪϳϩ ϰϯϥ ϫϯϮϳϦϫϲϳ ϥϩϡϬϯϤϡ �ϩϲ�
ϳϩϮϮϼϪ ϫϬϡϲϲ�� ϢϼϬϡ ϰϯϲϸϩϳϡϮϡ )��ϭϦϱϡ �ϳϡϢϬ� ���

)� ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ ϱϡϣϦϮ ����� ώϡϣϼϫϩ ϤϦϮϦϱϡϷϩϩ ϣϯϰϱϯϲϡ ϩ ϱϦ�
ϵϦϱϩϱϯϣϡϮϩЀ� ϣϼϢϯϱ ϫϯϳϯϱϼ϶ ϫϯϮϳϱϯϬϩϱϯϣϡϬϲЀ ϫϬϡϲϲϩϵϩϫϡϳϯϱϯϭ N�11� ϰϯϫϡϨϼ�
ϣϡϿϳ )� ϭϦϮϽϹϦ Ϯϡϣϼϫϯϣ� ϣϼϢϱϡϮϮϼ϶ ϫϬϡϲϲϩϵϩϫϡϳϯϱϯϭ IDVW7H[W �ϱϡϨϤϯϣϯϱϮϼϪ
Ϯϡϣϼϫ ϩ Ϯϡϣϼϫ ϰϱϯϣϦϱϫϩ ϯϳϣϦϳϡ�� )��ϭϦϱϡ Ͼϳϩ϶ Ϯϡϣϼϫϯϣ ϭϯϧϦϳ ϢϼϳϽ ϴϬϴϸϹϦϮϡ
ϰϴϳϦϭ ϴϣϦϬϩϸϦϮϩЀ ϯϢϴϸϡϿϺϦϪ ϣϼϢϯϱϫϩ ϥϬЀ N�11 ϫϬϡϲϲϩϵϩϫϡϳϯϱϡ� ώϦϲϭϯϳϱЀ Ϯϡ
ϢϯϬϽϹϴϿ ϣϼϢϯϱϫϴ ϴ Ϯϡϣϼϫϡ ϯϳϣϦϳϡ Ϯϡ ϣϯϰϱϯϲ� ϦϤϯ ϯϷϦϮϫϡ ϫϡϸϦϲϳϣϡ ϮϡϩϭϦϮϽϹϡЀ ϣ
ϳϡϢϬ� �� ρϮϡϬϩϨ ϯϹϩϢϯϫ ϰϯϫϡϨϡϬ� ϸϳϯ ϰϯϬϽϨϯϣϡϳϦϬϽ ϸϡϲϳϯ ϨϡϥϡϦϳ ϲϬϯϧϮϼϪ ϣϯϰϱϯϲ�
ϫϯϳϯϱϼϪ ϮϦ ϰϯϫϱϼϣϡϦϳϲЀ ϯϢϴϸϡϿϺϦϪ ϣϼϢϯϱϫϯϪ�

υϡϧϦ ϩϭϦЀ ϣϼϲϯϫϴϿ )��ϭϦϱϴ� ϳϱϦϢϴϦϳϲЀ ϡϮϡϬϩϨ ϱϡϢϯϳϼ ϫϡϧϥϯϤϯ Ϯϡϣϼϫϡ ϣ
ϥϩϡϬϯϤϦ� ϘϳϦϮϩϦ ϥϩϡϬϯϤϯϣ ϮϦϯϢ϶ϯϥϩϭϯ ϥϬЀ ϰϯϩϲϫϡ ϯϹϩϢϯϫ ϣ ϬϯϤϩϫϦ ϱϡϢϯϳϼ Ϯϡ�
ϣϼϫϯϣ ϩ ϰϯϮϩϭϡϮϩЀ ϣ ϫϡϫϯϭ ϮϡϰϱϡϣϬϦϮϩϩ ϥϣϩϤϡϳϽϲЀ ϥϬЀ ϴϬϴϸϹϦϮϩЀ ϥϩϡϬϯϤϯϣϯϪ
ϲϩϲϳϦϭϼ�

ϐϯϲϬϦ ϸϳϦϮϩЀ �� ϥϩϡϬϯϤϯϣ ϵϩϮϡϬϡ� ϭϯϧϮϯ ϲϥϦϬϡϳϽ ϣϼϣϯϥ� ϸϳϯ ϮϡϬϩϸϩϦ ϱϡϨ�
ϤϯϣϯϱϮϼ϶ Ϯϡϣϼϫϯϣ� ϫϯϳϯϱϼϦ ϣϼϥϡϿϳ ϱϡϨϮϯϯϢϱϡϨϮϼϦ ϩ ϫϡϸϦϲϳϣϦϮϮϼϦ ϱϦϰϬϩϫϩ� ϩ

��



ϓϡϢϬϩϷϡ � ߞߞ ϋϡϸϦϲϳϣϯ ϥϩϡϬϯϤϯϣϯϤϯ ϭϦϮϦϥϧϦϱϡ�
ώϡϣϼϫ ϓϯϸϮϯϲϳϽ ϐϯϬϮϯϳϡ )� ϘϩϲϬϯ ϱϦϰϬϩϫ
2SHQ6XEWLWOHV ���� ���� ���� ���
ϐϱϯϣϦϱϫϡ ϯϳϣϦϳϡ ���� ���� ���� ��
$OLFH ���� ���� ���� ���
)DFHERRN ���� ���� ���� ��
τϦϮϦϱϡϷϩЀ ϣϯϰϱϯϲϡ ���� ���� ���� �
ϑϦϵϦϱϩϱϯϣϡϮϩϦ ���� ���� ���� ��
ϏϳϣϦϳ Ϯϡ ϣϯϰϱϯϲ ���� ���� ���� ��
ϒϱϦϥϮϦϦ ���� ���� ���� ���

ϣϯϣϬϦϸϦϮϩϦ ϰϯϬϽϨϯϣϡϳϦϬЀ ϣ ϢϦϲϦϥϴ� ϫϯϤϥϡ ϯϮ ϮϦ ϯϳϣϦϸϡϦϳ ϣ ϳϦϸϦϮϩϦ ϮϦϫϯϳϯϱϯϤϯ
ϣϱϦϭϦϮϩ ϰϯϭϯϤϡϦϳ ϥϦϬϡϳϽ ϥϩϡϬϯϤ ϬϴϸϹϦ�

ώϩϧϦ ϰϱϦϥϲϳϡϣϬϦϮϼ ϰϴϮϫϳϼ� ϫϯϳϯϱϼϦ ϴ϶ϴϥϹϡϿϳ ϥϩϡϬϯϤ�
ߞ ςϯϳ ϮϡϸϩϮϡϦϳ ϱϡϨϤϯϣϯϱ ϯϸϦϮϽ Ϣϼϲϳϱϯ ϩ ϰϯϬϽϨϯϣϡϳϦϬϿ Ͼϳϯ ϮϦ ϮϱϡϣϩϳϲЀ�
ߞ ϐϯϬϽϨϯϣϡϳϦϬϽ ϲϰϱϡϹϩϣϡϦϳ ϯ ϲϯϱϦϣϮϯϣϡϮϩϩ� Ϯϯ ϴ Ϣϯϳϡ ϯϳϲϴϳϲϳϣϴϦϳ Ϯϡϣϼϫ
ϥϬЀ ϯϳϣϦϳϡ�

ߞ ϏϳϲϴϳϲϳϣϩϦ ϲϦϭϡϮϳϩϸϦϲϫϯϪ ϭϯϥϦϬϩ ϮϦ ϰϯϨϣϯϬЀϦϳ Ϣϯϳϴ ϤϯϣϯϱϩϳϽ ϯ ϵϡϫϳϡ϶
ϣ ϳϦϫϲϳϦ�

ߞ ςϯϳ ϣϼϥϡϦϳ ϤϱϴϢϼϦ ϱϦϰϬϩϫϩ�
ߞ ώϦϯϢ϶ϯϥϩϭϯ ϴϬϴϸϹϡϳϽ ϫϡϸϦϲϳϣϯ Ϯϡϣϼϫϡ ϯϳϣϦϳϡ Ϯϡ ϣϯϰϱϯϲ ϩ Ϯϡϣϼϫϡ ϰϱϯ�
ϣϦϱϫϩ ϯϳϣϦϳϡ�

ߞ ςϯϳ ϣϦϥϦϳ ϢϦϲϦϥϴ ϣ ϯϥϮϯϪ ϲϳϩϬϩϲϳϩϫϦ� σϦϥϦϮϩϦ ϥϩϡϬϯϤϡ ϲ ϩϲϰϯϬϽϨϯϣϡϮϩϦϭ
ϱϡϨϮϼ϶ ϲϳϩϬϩϲϳϩϫ ϭϯϧϦϳ ϰϯϭϯϸϽ ϣϯϣϬϦϸϽ ϣ ϢϦϲϦϥϴ ϰϯϬϽϨϯϣϡϳϦϬЀ� ϫϯϳϯϱϼϪ
ϰϯϣϳϯϱϮϯ ϯϢϺϡϦϳϲЀ ϲ ϥϡϮϮϯϪ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϯϪ�

σ ϱϡϨϥϦϬϦ ��� ϰϱϩϣϦϥϦϮϡ ϩϮϵϯϱϭϡϷϩЀ ϯ ϥϯϲϳϴϰϮϯϲϳϩ ϱϡϨϱϡϢϯϳϡϮϮϯϪ ϲϩϲϳϦ�
ϭϼ�

υϦϭϯϮϲϳϱϡϷϩЀ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϥϯϲϳϴϰϮϡ ϣ 7HOHJUDP ϰϯ ϲϲϼϬϫϦ�
KWWSV���W�PH�&RQY$,����%RW� ϓϡϫϧϦ ϥϯϲϳϴϰϦϮ ϰϴϢϬϩϸϮϼϪ -621 $3,� ϥϯ�
ϫϴϭϦϮϳϡϷϩЀ ϫ ϫϯϳϯϱϯϭϴ Ϯϡ϶ϯϥϩϳϲЀ ϰϯ ϡϥϱϦϲϴ� KWWSV���JLWKXE�FRP�VOG�
FRQYDL�ERW������ZLNL�$SL�'RFXPHQWDWLRQ� ωϲ϶ϯϥϮϼϪ ϫϯϥ ϣϼϬϯϧϦϮ ϰϯϥ
ϲϣϯϢϯϥϮϯϪ ϬϩϷϦϮϨϩϦϪ *18 *3/Y� ϩ ϥϯϲϳϴϰϦϮ Ϯϡ *LW+XE� KWWSV���JLWKXE�
FRP�VOG�FRQYDL�ERW������

σ ϱϡϨϥϦϬϦ ��� ϰϱϩϣϦϥϦϮϡ ϩϮϵϯϱϭϡϷϩЀ ϯϢ ϴϸϡϲϳϩϩ ERW����� ϣ ϲϯϱϦϣϮϯϣϡϮϩϩ
&RQY$, �� ϤϥϦ ϣϭϦϲϳϯ ϳϦϫϲϳϡ Ϣϯϳϴ ϥϡϣϡϬϡϲϽ ϯϰϱϦϥϦϬϦϮϮϡЀ ϰϦϱϲϯϮϡ ϩ Ϣϯϳ ϥϯϬϧϦϮ
ϢϼϬ ϤϯϣϯϱϩϳϽ ϯ ϲϦϢϦ ϣ ϦϦ ϫϯϮϳϦϫϲϳϦ�

ώϡ ϲϬϦϥϴϿϺϩϪ Ϥϯϥ ϰϯϲϬϦ ϰϦϱϣϯϤϯ &RQY$,� ϢϼϬ ϰϱϯϣϦϥϦϮ &RQY$, � >�@�
ϫϯϳϯϱϼϪ ϲϯϲϳϯЀϬ ϩϨ � ϱϡϴϮϥϯϣ� ϐϦϱϣϼϭ ϢϼϬ ϱϡϴϮϥ ϫϣϡϬϩϵϩϫϡϷϩϩ � ϮϦϥϦϬϽϮϼϪ
϶ϡϫϡϳϯϮ� ϰϯ ϱϦϨϴϬϽϳϡϳϡϭ ϫϯϳϯϱϯϤϯ ϫϯϭϡϮϥϼ ϰϱϯ϶ϯϥϩϬϩ ϣ ϵϩϮϡϬϽϮϼϪ ϱϡϴϮϥ� σ ϯϳ�
ϬϩϸϩϦ ϯϳ &RQY$, �� ϨϥϦϲϽ Ϣϯϳϴ ϳϱϦϢϯϣϡϬϯϲϽ ϣϦϲϳϩ ϢϦϲϦϥϴ� ϯϰϩϱϡЀϲϽ Ϯϡ ϣϼϥϡϮϮϯϦ
ϯϰϩϲϡϮϩϦ ϦϤϯ ϰϦϱϲϯϮϼ� ϐϦϱϲϯϮϡ ϣ ϫϡϧϥϯϭ ϥϩϡϬϯϤϦ ϣϼϥϡϣϡϬϡϲϽ ϲϬϴϸϡϪϮϯ� ϐϱϩ�
ϭϦϱ ϰϦϱϲϯϮϼ� ,ߧ DP D YHJHWDULDQ� , OLNH VZLPPLQJ� 0\ IDWKHU XVHG WR ZRUN IRU )RUG�
0\ IDYRULWH EDQG LV 0DURRQ�� , JRW D QHZ MRE ODVW PRQWK� ZKLFK LV DERXW DGYHUWLVLQJ
GHVLJQߨ�� ϏϷϦϮϫϡ ϫϡϸϦϲϳϣϡ ϣ ϱϡϴϮϥϦ ϶ϡϫϡϳϯϮϡ ϲϸϩϳϡϬϡϲϽ ϰϯ ϥϣϴϭ ϭϦϳϱϩϫϡϭ�
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https://t.me/ConvAI1337Bot
https://github.com/sld/convai-bot-1337/wiki/Api-Documentation
https://github.com/sld/convai-bot-1337/wiki/Api-Documentation
https://github.com/sld/convai-bot-1337
https://github.com/sld/convai-bot-1337


�� ϋϡϸϦϲϳϣϯ ϥϩϡϬϯϤϡ� ϫϡϫ ϣ &RQY$, � � ϣ ϫϯϮϷϦ ϥϩϡϬϯϤϡ ϰϯϬϽϨϯϣϡϳϦϬϽ ϲϳϡϣϩϬ
Ϣϯϳϴ ϯϷϦϮϫϴ Ϩϡ ϰϱϯϣϦϥϦϮϮϼϪ ϥϩϡϬϯϤ ϯϳ � ϥϯ ��

�� ϋϡϸϦϲϳϣϯ ϩϭϩϳϡϷϩϩ ϰϦϱϲϯϮϼ Ϣϯϳϯϭ � ϣ ϫϯϮϷϦ ϥϩϡϬϯϤϡ ϰϯϬϽϨϯϣϡϳϦϬϿ
ϰϱϦϥϬϡϤϡϬϯϲϽ ϣϼϢϱϡϳϽ ϯϥϩϮ ϩϨ ϸϦϳϼϱϦ϶ ϣϡϱϩϡϮϳϯϣ ϯϰϩϲϡϮϩЀ ϰϦϱϲϯϮϼ�
ϫϯϳϯϱϴϿ ϩϭϩϳϩϱϯϣϡϬ Ϣϯϳ�

ϏϢϦ ϯϷϦϮϫϩ ϢϼϬϩ ϮϯϱϭϡϬϩϨϯϣϡϮϼ ϣ ϯϳϱϦϨϫϦ [0..1]�
υϬЀ ϴϸϡϲϳϩЀ ERW����� ϣ ϱϡϴϮϥϦ ϶ϡϫϡϳϯϮϡ� ϣ ϮϦϭ ϢϼϬϩ ϰϱϯϥϦϬϡϮϼ ϲϬϦϥϴϿ�

ϺϩϦ ϩϨϭϦϮϦϮϩЀ�
ߞ ϥϯϢϡϣϬϦϮϡ ϲϩϲϳϦϭϡ ϰϱϯϣϦϱϫϩ ϰϱϡϣϯϰϩϲϡϮϩЀ� ϫϯϳϯϱϡЀ ϩϲϰϯϬϽϨϯϣϡϬϡ ϢϩϢ�
ϬϩϯϳϦϫϴ -DPVSHOO�� ϰϱϦϥϯϢϴϸϦϮϮϴϿ ϥϬЀ ϡϮϤϬϩϪϲϫϯϤϯ ЀϨϼϫϡ� ϑϦϰϬϩϫϩ
ϰϯϬϽϨϯϣϡϳϦϬЀ ϭϯϤϴϳ ϲϯϥϦϱϧϡϳϽ ϯϱϵϯϤϱϡϵϩϸϦϲϫϩϦ ϯϹϩϢϫϩ� ϡ ϳϡϫϡЀ ϲϩϲϳϦ�
ϭϡ ϡϣϳϯϭϡϳϩϸϦϲϫϩ ϫϯϱϱϦϫϳϩϱϴϦϳ Ͼϳϩ ϯϹϩϢϫϩ�

ߞ ςϼϬϩ ϴϢϱϡϮϼ Ϯϡϣϼϫϩ ϱϦϵϦϱϩϱϯϣϡϮϩЀ ϩ ϯϰϱϦϥϦϬϦϮϩЀ ϳϦϭϼ� ϳ�ϫ� ϨϥϦϲϽ ϮϦϳ
ϳϦϫϲϳϡ ϯ ϫϯϳϯϱϯϭ ϮϴϧϮϯ ϣϦϲϳϩ ϢϦϲϦϥϴ�

ߞ ςϼϬ ϥϯϢϡϣϬϦϮ Ϯϡϣϼϫ ϰϱϯϺϡϮϩЀ ϩ Ϯϡϣϼϫ ϣϼϥϡϸϩ ϩϮϵϯϱϭϡϷϩϩ ϯ ϲϯϱϦϣϮϯ�
ϣϡϮϩϩ�

ߞ ςϼϬ ϥϯϢϡϣϬϦϮ Ϯϡϣϼϫ ϱϡϨϤϯϣϯϱϡ ϯ ϣϼϥϡϮϮϯϪ ϰϦϱϲϯϮϦ� ωϲϰϯϬϽϨϯϣϡϬϡϲϽ
ϤϯϳϯϣϡЀ ϭϯϥϦϬϽ ϳϩϰϡ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ��� ϯϢϴϸϦϮ�
ϮϡЀ Ϯϡ ϥϡϳϡϲϦϳϦ 3HUVRQD &KDW >��@� ϫϯϳϯϱϡЀ ϰϱϩϮϩϭϡϦϳ Ϯϡ ϣ϶ϯϥ ϯϰϩϲϡϮϩϦ
ϰϦϱϲϯϮϼ� ϫϯϮϳϦϫϲϳ ϥϩϡϬϯϤϡ ϩ Ϯϡ ϣϼ϶ϯϥϦ ϤϦϮϦϱϩϱϴϦϳ ϱϦϰϬϩϫϴ� ϋϯϮϳϦϫϲϳ
ϥϩϡϬϯϤϡ x ϫϯϮϫϡϳϦϮϩϱϯϣϡϬϲЀ ϲ ϯϰϩϲϡϮϩϦϭ ϰϦϱϲϯϮϼ P � x = ∀p ∈ P ⊕ x
ϩ ϫϯϥϩϱϯϣϡϬϲЀ ϲ ϰϯϭϯϺϽϿ he

t = LSTMenc(xt | he
t−1)� ϤϥϦ he

t � ϲϫϱϼ�
ϳϯϦ ϲϯϲϳϯЀϮϩϦ ϾϮϫϯϥϦϱϡ ϣ ϹϡϤϦ t� υϬЀ ϫϯϥϩϱϯϣϡϮϩЀ ϲϬϯϣ ϩϲϰϯϬϽϨϯϣϡϬϩϲϽ
ϣϦϫϳϯϱϮϼϦ ϰϱϦϥϲϳϡϣϬϦϮϩЀ *OR9H >��@� ϒϫϱϼϳϯϦ ϲϯϲϳϯЀϮϩϦ ϰϯϲϬϦϥϮϦϤϯ
ϹϡϤϡ he

t ϰϯϥϡϦϳϲЀ Ϯϡ ϣ϶ϯϥ ϥϦϫϯϥϦϱϡ LSTMdec ϣ ϫϡϸϦϲϳϣϦ ϦϤϯ ϮϡϸϡϬϽϮϯ�
Ϥϯ ϲϫϱϼϳϯϤϯ ϲϯϲϳϯЀϮϩЀ hd

0� ψϡϳϦϭ ϥϬЀ ϫϡϧϥϯϤϯ ϹϡϤϡ t ϥϦϫϯϥϦϱ ϯϷϦϮϩϣϡϦϳ
ϣϦϱϯЀϳϮϯϲϳϽ ϲϬϯϣϡ j ϸϦϱϦϨ ϵϴϮϫϷϩϿ VRIWPD[�

p(yt,j = 1 | yt−1, . . . , y1) =
exp(wjhd

t )∑K
j′=1 exp(wj′hd

t )
.

ߞ υϬЀ ϣϼϢϯϱϡ Ϯϡϣϼϫϡ ϰϱϯϺϡϮϩЀ ϩ ϣϼϥϡϸϩ ϩϮϵϯϱϭϡϷϩϩ ϯ ϲϯϱϦϣϮϯϣϡϮϩϩ
ϢϼϬ ϥϯϯϢϴϸϦϮ N�11 ϫϬϡϲϲϩϵϩϫϡϳϯϱ ϣ ϥϩϡϬϯϤϯϣϯϭ ϭϦϮϦϥϧϦϱϦ� υϬЀ ϰϦϱϣϯ�
Ϥϯ Ϯϡϣϼϫϡ ϢϼϬϩ ϥϯϢϡϣϬϦϮϼ ϳϡϫϩϦ ϱϦϰϬϩϫϩ ϫϡϫ 6HHߧ \RX ODWHUߨ� ߨRRGE\H*ߧ
ϩ ϳ�ϰ�� ϥϬЀ ϣϳϯϱϯϤϯ KDW:ߧ VKRXOG , GR LQ WKLV FRPSHWLWLRQ"ߨ� KDW:ߧ DUH P\
LQVWUXFWLRQV IRU WRGD\"ߨ ϩ ϳ�ϰ�

ߞ ώϡϣϼϫ ϱϡϨϤϯϣϯϱϡ ϯ ϣϼϥϡϮϮϯϪ ϰϦϱϲϯϮϦ ϢϼϬ ϥϯϢϡϣϬϦϮ ϣ IDVW7H[W ϫϬϡϲϲϩ�
ϵϩϫϡϳϯϱ� ϳ�ϫ� ϢϼϬϡ ϥϯϲϳϴϰϮϡ ϩϲ϶ϯϥϮϡЀ ϣϼϢϯϱϫϡ� ϓϡϫϧϦ ϢϼϬϯ ϥϯϢϡϣϬϦϮϯ
ϮϦϲϫϯϬϽϫϯ ϵϱϡϨ� ϳϡϫϩ϶ ϫϡϫ RXOG&ߧ \RX WHOO PH VRPHWKLQJ LQWHUHVWLQJ DERXW
\RX"ߨ� KDW:ߧ LV \RXU GUHDP"ߨ ϩ ϳ�ϰ� ϣ N�11� ϸϳϯϢϼ ϤϡϱϡϮϳϩϱϯϣϡϳϽ ϲϱϡϢϡ�
ϳϼϣϡϮϩϦ ϾϳϯϤϯ Ϯϡϣϼϫϡ ϥϬЀ ϣϯϰϱϯϲϯϣ ϯ ϰϦϱϲϯϮϦ�

��KWWSV���JLWKXE�FRP�EDNZF�-DP6SHOO
��ϐϱϩϭϦϱ ϩϲϰϯϬϽϨϯϣϡϮϩЀ ϭϯϧϮϯ ϮϡϪϳϩ ϨϥϦϲϽ� KWWSV���JLWKXE�FRP�IDFHERRNUHVHDUFK�

3DUO$,�WUHH�PDVWHU�SURMHFWV�FRQYDL�

��

https://github.com/bakwc/JamSpell
https://github.com/facebookresearch/ParlAI/tree/master/projects/convai2
https://github.com/facebookresearch/ParlAI/tree/master/projects/convai2


σ ϱϦϨϴϬϽϳϡϳϦ Ϣϯϳ ϨϡϮЀϬ � ϭϦϲϳϯ ϣ ϱϡϴϮϥϦ ϶ϡϫϡϳϯϮϡ �ϳϡϢϬ� ��� Ϟϳϯ ϰϯϫϡϨϼ�
ϣϡϦϳ ϯϢϯϢϺϡϦϭϯϲϳϽ ϰϱϦϥϬϯϧϦϮϮϯϪ ϡϱ϶ϩϳϦϫϳϴϱϼ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϰϯϥ ϱϡϨϮϼϦ
Ϩϡϥϡϸϩ ϩ ϫϯϮϳϦϫϲϳϼ�

ϓϡϢϬϩϷϡ � ߞߞ ϑϦϨϴϬϽϳϡϳϼ ϶ϡϫϡϳϯϮ�ϱϡϴϮϥϡ &RQY$, ��

ςϯϳ ϋϡϸ�ϣϯ
ϥϩϡϬϯϤϡ

ϋϡϸ�ϣϯ ϩϭϩϳϡϷϩϩ
ϰϦϱϲϯϮϼ � ϘϩϲϬϯ ϥϩϡϬϯϤϯϣ

1(852%27,&6 ����� ����� ���
WHQVRUERUQH ����� ����� ���
ERW����� ����� ����� ���
/RVW LQ FRQYHUVDWLRQ ����� ����� ���
ORRS$, ����� ����� ���
EDVHOLQH ���� ���� ��
6RQLF ���� ����� ��

σ ϱϡϨϥϦϬϦ ��� ϯϰϩϲϡϮ ϭϦ϶ϡϮϩϨϭ ϰϦϱϦ϶ϯϥϯϣ ϭϦϧϥϴ Ϯϡϣϼϫϡϭϩ ϣ ϥϩϡϬϯϤϯϣϯϭ
ϡϤϦϮϳϦ '5($0 ϥϬЀ $OH[D 3UL]H �����

ϏϰϩϲϡϮϮϡЀ ϣϼϹϦ ϥϩϡϬϯϤϯϣϡЀ ϲϩϲϳϦϭϡ ϩϲϰϯϬϽϨϴϦϳ Ϯϡϣϼϫϩ� ϫϯϳϯϱϼϦ ϮϦ Ϩϡ�
ϣϩϲЀϳ ϥϱϴϤ ϯϳ ϥϱϴϤϡ� Ϟϳϯ ϯϢϦϲϰϦϸϩϣϡϦϳ ϲϬϡϢϴϿ ϲϣЀϨϡϮϮϯϲϳϽ ϲϩϲϳϦϭϼ ϩ ϤϩϢϫϯϲϳϽ
ϣ ϱϡϨϱϡϢϯϳϫϦ� ςϦϲϫϯϮϳϱϯϬϽϮϡЀ ϱϦϡϬϩϨϡϷϩЀ ϨϡϣϩϲϩϭϯϲϳϦϪ ϭϦϧϥϴ Ϯϡϣϼϫϡϭϩ ϭϯ�
ϧϦϳ ϰϯϣϬϦϸϽ Ϩϡ ϲϯϢϯϪ ϭϮϯϤϯϫϱϡϳϮϼϪ ϱϯϲϳ ϲϬϯϧϮϯϲϳϩ ϲϩϲϳϦϭϼ� σ ϥϡϮϮϯϭ ϱϡϨϥϦϬϦ
ϯϰϩϲϡϮ ϭϦ϶ϡϮϩϨϭ ϰϦϱϦ϶ϯϥϡ ϭϦϧϥϴ Ϯϡϣϼϫϡϭϩ� ϫϯϳϯϱϼϪ ϰϯϨϣϯϬЀϦϳ ϤϩϢϫϯ ϨϡϥϡϣϡϳϽ
ϨϡϣϩϲϩϭϯϲϳϽ ϭϦϧϥϴ Ϯϡϣϼϫϡϭϩ ϩ ϰϯϨϣϯϬЀϦϳ ϴϣϦϬϩϸϩϳϽ ϣϯϣϬϦϸϦϮϮϯϲϳϽ ϰϯϬϽϨϯϣϡ�
ϳϦϬЀ ϣ ϥϩϡϬϯϤ� ϑϯϲϳ ϲϬϯϧϮϯϲϳϩ ϲϩϲϳϦϭϼ ϫϯϮϳϱϯϬϩϱϴϦϳϲЀ ϳϦϭ� ϸϳϯ Ͼϳϯϳ ϭϦ϶ϡϮϩϨϭ
ϩϮϫϡϰϲϴϬϩϱϯϣϡϮ ϣ ϯϳϥϦϬϽϮϯϭ ϭϯϥϴϬϦ ϩ ϱϡϨϱϡϢϯϳϸϩϫϡϭ Ϯϡϣϼϫϯϣ ϰϱϦϥϯϲϳϡϣϬЀϦϳϲЀ
ϦϥϩϮϼϪ ϩϮϳϦϱϵϦϪϲ ϦϤϯ ϩϲϰϯϬϽϨϯϣϡϮϩЀ�

σ ���� Ϥϯϥϴ ϣ ϳϱϦϳϩϪ ϱϡϨ ϰϱϯϹϬϯ ϲϯϱϦϣϮϯϣϡϮϩϦ $OH[D 3UL]H &KDOOHQJH�
ϒ ϭϯϭϦϮϳϡϭ ϯϫϯϮϸϡϮϩЀ ϲϯϱϦϣϮϯϣϡϮϩЀ &RQY$, � ϲϩϬϽϮϯ ϱϡϨϣϩϬϡϲϽ ϢϩϢϬϩϯϳϦϫϡ
'HHS3DYORY ϩ ϰϯЀϣϩϬϡϲϽ ϮϯϣϡЀ ϢϩϢϬϩϯϳϦϫϡ 'HHS3DYORY $JHQW ϥϬЀ ϱϦϡϬϩϨϡϷϩϩ ϥϩϡ�
ϬϯϤϯϣϼ϶ ϲϩϲϳϦϭ�

σϭϦϲϳϯ ϴϬϴϸϹϦϮϩЀ ϰϱϦϥϼϥϴϺϦϪ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϼ ERW������ ϢϼϬϯ ϰϱϩ�
ϮЀϳϯ ϱϦϹϦϮϩϦ ϱϡϨϱϡϢϡϳϼϣϡϳϽ ϮϯϣϯϤϯ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϰϯϥ ϮϡϨϣϡϮϩϦϭ '5($0
Ϯϡ ϢϡϨϦ 'HHS3DYORY $JHQW ϥϬЀ ϲϯϱϦϣϮϯϣϡϮϩЀ $OH[D 3UL]H� ωϲϰϯϬϽϨϯϣϡϮϩϦ ϳϡϫϯϪ
ϢϩϢϬϩϯϳϦϫϩ ϰϯϨϣϯϬϩϬϯ ϴϲϫϯϱϩϳϽ ϱϡϨϱϡϢϯϳϫϴ� ϰϱϯϺϦ ϱϦϡϬϩϨϯϣϼϣϡϳϽ ϩ ϰϯϥϥϦϱ�
ϧϩϣϡϳϽ ϲϬϯϧϮϴϿ ϬϯϤϩϫϴ� ϴϣϦϬϩϸϩϳϽ ϲϯϰϱϯϣϯϧϥϡϦϭϯϲϳϽ ϩ ϮϡϥϦϧϮϯϲϳϽ ϲϩϲϳϦϭϼ�
ϬϦϤϸϦ ϣϣϯϥϩϳϽ ϣ ϱϡϢϯϳϴ Ϯϯϣϼ϶ ϱϡϨϱϡϢϯϳϸϩϫϯϣ� ϋϱϯϭϦ ϣϲϦϤϯ ϰϱϯϸϦϤϯ� ϢϼϬϯ ϰϱϦϥ�
ϬϯϧϦϮϯ ϩ ϱϦϡϬϩϨϯϣϡϮϯ ϭϮϯϧϦϲϳϣϯ ϴϬϴϸϹϦϮϩϪ ϣ ϲϡϭϴ ϢϩϢϬϩϯϳϦϫϴ�

ωϨϮϡϸϡϬϽϮϯ ϲϣЀϨϦϪ ϭϦϧϥϴ Ϯϡϣϼϫϡϭϩ ϣ ϥϩϡϬϯϤϯϣϯϭ ϡϤϦϮϳϦ '5($0 ϮϦ Ϣϼ�
Ϭϯ� ϋϡϧϥϼϪ Ϯϡϣϼϫ ϣϼϨϼϣϡϬϲЀ ϣ Ϩϡϣϩϲϩϭϯϲϳϩ ϯϳ Ϩϡϰϱϯϲϡ ϰϯϬϽϨϯϣϡϳϦϬЀ� ώϡϰϱϩϭϦϱ�
ϦϲϬϩ ϰϯϬϽϨϯϣϡϳϦϬϽ ϮϡϸϩϮϡϦϳ ϱϡϨϤϯϣϯϱ ϯ ϵϩϬϽϭϦ� ϳϯ ϣϫϬϿϸϡϦϳϲЀ ϲϯϯϳϣϦϳϲϳϣϴϿϺϩϪ
Ϯϡϣϼϫ ϱϡϨϤϯϣϯϱϡ ϯ ϵϩϬϽϭϡ϶� ϘϳϯϢϼ ϣϫϬϿϸϩϬϲЀ Ϯϡϣϼϫ ϱϡϨϤϯϣϯϱϡ ϯ ϫϮϩϤϡ϶� ϮϴϧϮϯ
ϢϼϬϯ ϲϯϯϳϣϦϳϲϳϣϴϿϺϦϦ ϥϦϪϲϳϣϩϦ ϯϳ ϰϯϬϽϨϯϣϡϳϦϬЀ� ϓϡϫϯϦ ϰϯϣϦϥϦϮϩϦ ϯϤϱϡϮϩϸϩϣϡ�
Ϧϳ ϩϮϳϦϱϡϫϳϩϣϮϯϲϳϽ ϥϩϡϬϯϤϡ� ϳ�ϫ� ϮϦ ϫϡϧϥϼϪ ϰϯϬϽϨϯϣϡϳϦϬϽ ϬϩϥϩϱϴϦϳ ϥϩϡϬϯϤ� σ

��



ϫϡϫϯϪ�ϳϯ ϭϯϭϦϮϳ Ϣϯϳ ϥϯϬϧϦϮ ϴϭϦϳϽ ϰϱϦϥϬϯϧϩϳϽ ϰϦϱϦϫϬϿϸϩϳϽϲЀ Ϯϡ ϥϱϴϤϯϪ Ϯϡϣϼϫ�
ϑϦϡϬϩϨϡϷϩЀ ϰϯϣϦϥϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ� ϫϯϤϥϡ ϯϥϩϮ Ϯϡϣϼϫ ЀϣϮϯ ϰϦϱϦϮϡϰϱϡϣ�
ϬЀϦϳ ϰϯϬϽϨϯϣϡϳϦϬЀ Ϯϡ ϥϱϴϤϯϪ� ϰϯϨϣϯϬϩϬϡ ϨϮϡϸϩϳϦϬϽϮϯ ϴϬϴϸϹϩϳϽ ϯϷϦϮϫϴ ϫϡϸϦϲϳϣϡ
ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ�

ύϦ϶ϡϮϩϨϭ ϰϦϱϦ϶ϯϥϡ ϯϳ ϳϦϫϴϺϦϤϯ Ϯϡϣϼϫϡ ϫ ϷϦϬϦϣϯϭϴ ϢϼϬ ϱϦϡϬϩϨϯϣϡϮ ϸϦϱϦϨ
ϲϰϦϷϩϡϬϽϮϴϿ ϵϴϮϫϷϩϿ OLQN WR� ϫϯϳϯϱϡЀ ϱϡϢϯϳϡϦϳ ϲϬϦϥϴϿϺϩϭ ϯϢϱϡϨϯϭ �ϱϩϲ� ���

�� ψϡϥϡϦϳϲЀ ϲϬϯϣϡϱϽ 6.,// 3+5$6(6� ϤϥϦ ϫϬϿϸϯϭ ЀϣϬЀϦϳϲЀ ϮϡϨϣϡϮϩϦ ϷϦ�
ϬϦϣϯϤϯ Ϯϡϣϼϫϡ� ϨϮϡϸϦϮϩϦϭ ϲϰϩϲϯϫ ϵϱϡϨ OLQN WR� ϰϯ ϫϯϳϯϱϼϭ ϭϯϧϦϳ ϢϼϳϽ
ϰϱϯϩϨϣϦϥϦϮ ϰϦϱϦ϶ϯϥ Ϯϡ Ͼϳϯϳ Ϯϡϣϼϫ�

�� ϕϴϮϫϷϩЀ OLQN WR ϰϱϩϮϩϭϡϦϳ Ϯϡ ϣ϶ϯϥ ϮϡϨϣϡϮϩϦ ϷϦϬϦϣϯϤϯ Ϯϡϣϼϫϡ ϩ ϣϯϨϣϱϡ�
ϺϡϦϳ ϲϬϴϸϡϪϮϴϿ ϵϱϡϨϴ ϩϨ ϲϰϩϲϫϡ ϵϱϡϨ OLQN WR ϲϬϯϣϡϱЀ 6.,// 3+5$6(6
ϲ ϫϬϿϸϯϭ ϮϡϨϣϡϮϩЀ Ϯϡϣϼϫϡ� ϑϡϨϱϡϢϯϳϸϩϫϩ ϯϳϥϦϬϽϮϼ϶ Ϯϡϣϼϫϯϣ ϩϲϰϯϬϽϨϴ�
Ͽϳ Ͼϳϴ ϵϴϮϫϷϩϿ ϥϬЀ ϰϦϱϦ϶ϯϥϡ ϫ ϷϦϬϦϣϯϭϴ Ϯϡϣϼϫϴ� ϥϯϢϡϣϬЀЀ ϦϦ ϣ ϫϯϮϦϷ
ϲϷϦϮϡϱϩЀ ϩϬϩ ϣ ϥϱϴϤϯϦ ϰϯϥ϶ϯϥЀϺϦϦ ϰϯ ϬϯϤϩϫϦ ϱϡϢϯϳϼ Ϯϡϣϼϫϡ ϭϦϲϳϯ�

�� σϼϨϼϣϡϦϳϲЀ ϯϢϱϡϢϯϳϸϩϫ ϲϰϩϲϫϡ ϵϱϡϨ OLQN WR ϣ ϭϯϥϴϬϦ ϣϼϢϯϱϡ Ϯϡϣϼϫϯϣ
�VNLOO VHOHFWRU�� ϫϯϳϯϱϼϪ ϰϱϩϮϩϭϡϦϳ Ϯϡ ϣ϶ϯϥ OLQN WR ϵϱϡϨϴ Ϣϯϳϡ ϩϨ ϰϱϦϥϼϥϴ�
ϺϦϤϯϹϡϤϡ ϩ ϳϦϫϴϺϴϿ ϱϦϰϬϩϫϴ ϰϯϬϽϨϯϣϡϳϦϬЀ� φϲϬϩ ϯϢϱϡϢϯϳϸϩϫ Ϯϡ ϯϲϮϯϣϦ
ϾϳϯϪ ϩϮϵϯϱϭϡϷϩϩ ϣϼϢϩϱϡϦϳ ϷϦϬϦϣϯϪ Ϯϡϣϼϫ� ϳϯ ϰϱϯϩϲ϶ϯϥϩϳ ϰϦϱϦ϶ϯϥ Ϯϡ
ϲϬϦϥϴϿϺϩϪ ϹϡϤ�

�� σϼϨϼϣϡϦϳϲЀ ϯϢϱϡϢϯϳϸϩϫ ϲϰϩϲϫϡ ϵϱϡϨ OLQN WR ϣ ϫϯϮϫϱϦϳϮϯϭ ϮϡϣϼϫϦ� ώϡ
ϣ϶ϯϥ ϯϢϱϡϢϯϳϸϩϫϴ ϩϥϦϳ OLQN WR ϵϱϡϨϡ Ϣϯϳϡ ϩϨ ϰϱϦϥϼϥϴϺϦϤϯ ϹϡϤϡ ϩ ϳϦ�
ϫϴϺϡЀ ϱϦϰϬϩϫϡ ϰϯϬϽϨϯϣϡϳϦϬЀ� ϏϢϱϡϢϯϳϸϩϫ ϣϯϨϣϱϡϺϡϦϳ ϫϯϮϦϸϮϼϪ ϯϳϣϦϳ
ϰϯϬϽϨϯϣϡϳϦϬϿ�

ϑϩϲϴϮϯϫ � ߞߞ ϒ϶Ϧϭϡ ϱϡϢϯϳϼ ϭϦ϶ϡϮϩϨϭϡ ϰϦϱϦ϶ϯϥϡ ϭϦϧϥϴ Ϯϡϣϼϫϡϭϩ OLQN WR�

��



σ ϳϡϢϬ� � ϰϱϩϣϦϥϦϮϼ ϱϦϨϴϬϽϳϡϳϼ ϩϲϰϯϬϽϨϯϣϡϮϩЀ ϭϦ϶ϡϮϩϨϭϡ ϰϦϱϦ϶ϯϥϡ ϭϦϧϥϴ
Ϯϡϣϼϫϡϭϩ OLQN WR ϥϬЀ ϣϦϱϲϩϩ Ϣϯϳϡ ������ ϐϯ ϳϡϢϬϩϷϦ ϣϩϥϮϯ� ϸϳϯ ϥϩϡϬϯϤϩ ϣ ϫϯϳϯϱϼ϶
OLQN WR ϮϦ ϩϲϰϯϬϽϨϯϣϡϬϲЀ ϩϭϦϿϳ ϮϡϩϭϦϮϽϹϩϪ ϱϦϪϳϩϮϤ� υϬЀ ϥϩϡϬϯϤϯϣ� ϤϥϦ OLQN WR
ϣϼϨϣϡϬϲЀ ϩ ϣϼϥϡϬ ϱϦϰϬϩϫϴ� Ϯϯ ϰϯϬϽϨϯϣϡϳϦϬϽ ϮϦ ϰϱϯϲϬϦϥϯϣϡϬ ϣ ϥϱϴϤϯϪ Ϯϡϣϼϫ �OLQN
WR ϲ ϥϬϩϮϯϪ ��� ϱϦϪϳϩϮϤ ϣϼϹϦ� ϡ ϭϡϫϲϩϭϡϬϽϮϼϪ ϱϦϪϳϩϮϤ ϥϯϲϳϩϤϡϦϳϲЀ� ϫϯϤϥϡ ϰϯϬϽ�
ϨϯϣϡϳϦϬϽ ϴϲϰϦϹϮϯ ϰϱϯϥϣϩϮϴϬϲЀ ϥϡϬϽϹϦ ϩϲϰϯϬϽϨϴЀ Ͼϳϯϳ ϭϦ϶ϡϮϩϨϭ�

ϓϡϢϬϩϷϡ � ߞߞ ϑϦϨϴϬϽϳϡϳϼ ϩϲϰϯϬϽϨϯϣϡϮϩЀ OLQN WR�
υϩϡϬϯϤϩ ϑϦϪϳϩϮϤ � ϋϯϬϩϸϦϲϳϣϯ ϥϩϡϬϯϤϯϣ
ςϦϨ OLQN WR ���� ���
ϒ OLQN WR ϲ ϥϬϩϮϯϪ � ���� ���
ϒ OLQN WR ϲ ϥϬϩϮϯϪ ! � ���� ��

ϓϱϦϳϽЀ ϤϬϡϣϡ ϰϯϲϣЀϺϦϮϡ ϯϰϩϲϡϮϩϿ ϭϦϳϯϥϡ ϰϯϲϳϱϯϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ
ϩϨ ϥϩϡϬϯϤϯϣϯϤϯ ϫϯϱϰϴϲϡ ϩ ϦϤϯ ϩϲϰϯϬϽϨϯϣϡϮϩϿ ϣ Ϩϡϥϡϸϡ϶ ϯϢϴϸϦϮϩЀ ϲ ϴϸϩϳϦϬϦϭ�

σ ϱϡϨϥϦϬϦ ��� ϰϱϩϣϦϥϦϮ ϯϢϨϯϱ ϭϦϳϯϥϯϣ ϩϨϣϬϦϸϦϮϩЀ ϥϩϡϬϯϤϯϣϼ϶ Ϥϱϡϵϯϣ ϩϨ
ϥϩϡϬϯϤϯϣϼ϶ ϫϯϱϰϴϲϯϣ�

ϘϦϬϯϣϦϫ ϣϦϥϦϳ ϥϩϡϬϯϤ ϥϦϱϧϡ ϣ ϴϭϦ ϯϰϱϦϥϦϬϦϮϮϴϿ ϷϦϬϽ ϩ� ϣϯϨϭϯϧϮϯ� ϰϬϡϮ
ϰϯ ϦϦ ϥϯϲϳϩϧϦϮϩϿ� ώϡϰϱϩϭϦϱ� ϯϮ ϭϯϧϦϳ ϢϦϲϦϥϯϣϡϳϽ ϲ ϥϱϴϤϩϭ ϸϦϬϯϣϦϫϯϭ ϥϬЀ
ϰϯϥϥϦϱϧϫϩ ϥϱϴϧϦϲϫϩ϶ ϯϳϮϯϹϦϮϩϪ� ϩ ϣ ϦϤϯ ϰϬϡϮ ϭϯϤϴϳ ϣ϶ϯϥϩϳϽ ϲϬϦϥϴϿϺϩϦ ϥϦϪ�
ϲϳϣϩЀ� ϴϨϮϡϳϽ ϫϡϫ ϰϱϯϹϦϬ ϥϦϮϽ� ϲϥϦϬϡϳϽ ϫϯϭϰϬϩϭϦϮϳ� ϱϡϲϲϫϡϨϡϳϽ ϩϲϳϯϱϩϿ ϩ ϳ�ϰ�
ϏϲϮϯϣϮϯϪ ϨϡϥϡϸϦϪ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϼ ЀϣϬЀϦϳϲЀ ϤϦϮϦϱϡϷϩЀ ϯϳϣϦϳϡ ϣ ϥϩϡϬϯϤϦ�
φϲϳϽ ϰϱϦϥϰϯϬϯϧϦϮϩϦ� ϸϳϯ ϯϷϦϮϫϡ ϫϡϸϦϲϳϣϡ ϣ ϾϳϯϪ ϨϡϥϡϸϦ ϭϯϧϦϳ ϢϼϳϽ ϨϮϡϸϩϳϦϬϽ�
Ϯϯ ϴϬϴϸϹϦϮϡ� ϦϲϬϩ Ϣϯϳ ϢϴϥϦϳ ϰϱϦϲϬϦϥϯϣϡϳϽ ϣ ϥϩϡϬϯϤϦ ϷϦϬϽ ϩ ϩϭϦϳϽ ϰϬϡϮ ϰϯ ϦϦ
ϥϯϲϳϩϧϦϮϩϿ�

υϬЀ ϰϯϬϴϸϦϮϩЀ ϴϲϳϯϪϸϩϣϯϪ ϲϳϱϡϳϦϤϩϩ ϣϦϥϦϮϩЀ ϥϩϡϬϯϤϡ� Ϣϯϳ ϥϯϬϧϦϮ ϩϭϦϳϽ
ϰϬϡϮ� ϓϡϫϯϪ ϰϬϡϮ ϭϯϧϦϳ ϢϼϳϽ ϰϱϦϥϲϳϡϣϬϦϮ ϣ ϣϩϥϦ Ϥϱϡϵϡ ϥϩϡϬϯϤϡ� υϩϡϬϯϤϯϣϼϪ
Ϥϱϡϵ ϰϯϫϡϨϼϣϡϦϳ ϯϲϮϯϣϮϼϦ ϳϦϭϼ ϢϦϲϦϥϼ ϥϬЀ ϫϡϧϥϯϤϯ ϹϡϤϡ ϩ ϰϦϱϦ϶ϯϥϼ ϭϦϧϥϴ
Ϯϩϭϩ� σϦϱϹϩϮϡ Ϥϱϡϵϡ � Ͼϳϯ ϯϲϮϯϣϮϡЀ ϳϦϭϡ ϢϦϲϦϥϼ ϥϬЀ ϥϡϮϮϯϤϯ ϹϡϤϡ ϣ ϥϩϡϬϯ�
ϤϦ� ϑϦϢϱϯ ϯϳϣϦϸϡϦϳ Ϩϡ ϣϯϨϭϯϧϮϼϦ ϰϦϱϦ϶ϯϥϼ ϭϦϧϥϴ ϳϦϭϡϭϩ� υϩϡϬϯϤϯϣϼϪ Ϥϱϡϵ
ϰϱϦϥϲϳϡϣϬЀϦϳ ϩϨ ϲϦϢЀ ϩϮϳϦϱϰϱϦϳϩϱϴϦϭϴϿ ϣϩϨϴϡϬϩϨϡϷϩϿ ϣϲϦϤϯ ϫϯϱϰϴϲϡ� ϓϡϫϩϭ
ϯϢϱϡϨϯϭ� Ϥϱϡϵ ϭϯϧϦϳ ϰϯϭϯϸϽ ϰϱϯϡϮϡϬϩϨϩϱϯϣϡϳϽ� ϰϯϸϦϭϴ ϳϡ ϩϬϩ ϩϮϡЀ ϱϦϰϬϩ�
ϫϡ ϢϼϬϡ ϲϤϦϮϦϱϩϱϯϣϡϮϡ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϯϪ� ϩϲϰϯϬϽϨϴϿϺϦϪ ϮϦϪϱϯϮϮϴϿ ϲϦϳϽ
ϳϩϰϡ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ� σ ϥϯϰϯϬϮϦϮϩϩ� ϥϩϡϬϯϤϯϣϼϪ Ϥϱϡϵ
ϭϯϧϦϳ ϢϼϳϽ ϩϲϰϯϬϽϨϯϣϡϮ ϫϡϫ ϩϲϳϯϸϮϩϫ ϰϱϩϨϮϡϫϯϣ ϥϬЀ ϴϬϴϸϹϦϮϩЀ ϫϡϸϦϲϳϣϡ Ϯϡ ϲϣЀ�
ϨϡϮϮϼ϶ Ϩϡϥϡϸϡ϶�

σ ϱϡϨϥϦϬϦ ��� ϯϰϩϲϼϣϡϦϳϲЀ ϰϱϦϥϬϯϧϦϮϮϼϪ ϣ ϱϡϢϯϳϦ ϭϦϳϯϥ ϤϦϮϦϱϡϷϩϩ
ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ� ϫϯϳϯϱϼϪ ϩϲϰϯϬϽϨϴϦϳ ϫϯϭϢϩϮϡϷϩϩ ϱϡϨϬϩϸϮϼ϶ ϡϬϤϯϱϩϳ�
ϭϯϣ ϫϬϡϲϳϦϱϩϨϡϷϩϩ ϩ ϮϡϢϯϱ Ͼϣϱϩϲϳϩϫ� ϓϡϫϧϦ ϯϰϩϲϡϮϡ ϡϱ϶ϩϳϦϫϳϴϱϡ ϳϩϰϡ
ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ ϩ ϱϡϮϧϩϱϴϿϺϡЀ ϭϯϥϦϬϽ ϲ ϭϦ϶ϡϮϩϨ�
ϭϯϭ ϩϨϣϬϦϸϦϮϩЀ ϰϱϩϨϮϡϫϯϣ ϩϨ Ϥϱϡϵϡ�

��



ϋϡϫ ϯϰϱϦϥϦϬϩϳϽ ϣϦϱϹϩϮϴ ϣ ϥϩϡϬϯϤϯϣϯϭ ϤϱϡϵϦ" ϐϦϱϣϯϮϡϸϡϬϽϮϼϭ ϣϡϱϩϡϮϳϯϭ
ϭϯϧϦϳ ϢϼϳϽ ϫϬϡϲϳϦϱϩϨϡϷϩЀ ϰϯ ϣϲϦϭ ϱϦϰϬϩϫϡϭ ϥϩϡϬϯϤϯϣϯϤϯ ϫϯϱϰϴϲϡ ϩ ϩϲϰϯϬϽϨϯϣϡ�
ϮϩϦ ϫϬϡϲϳϦϱϡ ϫϡϫ ϣϦϱϹϩϮϼ Ϥϱϡϵϡ� ϏϥϮϡϫϯ ϲϦϭϡϮϳϩϫϡ ϫϬϡϲϳϦϱϡ ϣ ϥϩϡϬϯϤϦ Ϩϡϣϩϲϩϳ
ϯϳ ϦϤϯ ϫϯϮϳϦϫϲϳϡ� ϡ ϩϲϰϯϬϽϨϯϣϡϮϩϦ ϭϦϹϫϡߧ ϱϦϰϬϩϫߨ ϮϦ ϴϸϩϳϼϣϡϦϳ ϦϤϯ� υϬЀ ϱϦϹϦ�
ϮϩЀ ϾϳϯϪ ϰϱϯϢϬϦϭϼ� ϰϱϦϥϬϡϤϡϦϳϲЀ ϯϢϻϦϥϩϮϩϳϽ ϣϲϦ i−Ϧ ϹϡϤϩ ϥϩϡϬϯϤϯϣ ϣ Ϥϱϴϰϰϼ�
ϩ ϨϡϳϦϭ ϰϱϯϣϯϥϩϳϽ ϫϬϡϲϳϦϱϩϨϡϷϩϿ ϰϯ Ͼϳϩϭ Ϥϱϴϰϰϡϭ� ϓϡϫϩϭ ϯϢϱϡϨϯϭ� ϲϦϭϡϮϳϩϫϡ
ϫϡϧϥϯϤϯ ϫϬϡϲϳϦϱϡ ϢϴϥϦϳ ϰϱϩϣЀϨϼϣϡϳϽϲЀ ϫ ϯϰϱϦϥϦϬϦϮϮϯϭϴ ϹϡϤϴ ϣ ϥϩϡϬϯϤϦ�

ρϬϤϯϱϩϳϭ ϰϯϲϳϱϯϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ ϰϱϦϥϲϳϡϣϬϦϮ Ϯϡ ϱϩϲ� �� σϯ ϰϦϱ�
ϣϼ϶� ϰϱϯϩϲ϶ϯϥϩϳ Ϥϱϴϰϰϩϱϯϣϫϡ i−϶ ϹϡϤϯϣ ϰϯ ϣϲϦϭ ϥϩϡϬϯϤϡϭ �i ∈ 1 . . . L�� ϤϥϦ Lߟ
ϫϯϬϩϸϦϲϳϣϯ ϱϦϰϬϩϫ ϣ ϲϡϭϯϭ ϥϬϩϮϮϯϭ ϥϩϡϬϯϤϦ ϫϯϱϰϴϲϡ� ϩ ϩ϶ ϰϱϦϯϢϱϡϨϯϣϡϮϩϦ ϣ ϣϦϫ�
ϳϯϱϮϯϦ ϰϱϯϲϳϱϡϮϲϳϣϯ� ψϡϳϦϭ ϰϱϯϩϨϣϯϥϩϳϲЀ ϮϦϨϡϣϩϲϩϭϡЀ ϫϬϡϲϳϦϱϩϨϡϷϩЀ ϫϡϧϥϯϪ
ϰϯϬϴϸϩϣϹϦϪϲЀ Ϥϱϴϰϰϼ� ϐϯϲϬϦ ϾϳϯϤϯ ϫϡϧϥϯϭϴ ϫϬϡϲϳϦϱϴ ϰϱϩϲϣϡϩϣϡϦϳϲЀ ϮϡϨϣϡϮϩϦ� ϡ
ϫϡϧϥϯϪ ϱϦϰϬϩϫϦ ϥϩϡϬϯϤϡߟ ϫϬϡϲϳϦϱ� ώϡ ϰϯϲϬϦϥϮϦϭϹϡϤϦ ϡϬϤϯϱϩϳϭϡ ϲϯϲϳϡϣϬЀϿϳϲЀ
ϳϱϯϪϫϩ ϣϩϥϡ� ϮϡϨϣϡϮϩϦ ϫϬϡϲϳϦϱϡ ϰϱϦϥϼϥϴϺϦϪ ϱϦϰϬϩϫϩ ϣ ϥϩϡϬϯϤϦ� ϮϡϨϣϡϮϩϦ ϫϬϡϲϳϦ�
ϱϡ ϳϦϫϴϺϦϪ ϱϦϰϬϩϫϩ� ϫϯϬϩϸϦϲϳϣϯ ϰϦϱϦ϶ϯϥϯϣ ϩϨ ϫϬϡϲϳϦϱϡ ϰϱϦϥϼϥϴϺϦϪ ϱϦϰϬϩϫϩ ϣ
ϫϬϡϲϳϦϱ ϳϦϫϴϺϦϪ� ωϲϰϯϬϽϨϴЀ ϳϡϫϩϦ ϳϱϯϪϫϩ� ϫϯϮϲϳϱϴϩϱϴϦϳϲЀ Ϥϱϡϵ ϥϩϡϬϯϤϡ�

ϑϩϲϴϮϯϫ � ߞߞ ρϬϤϯϱϩϳϭ ϰϯϲϳϱϯϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ�

σ ϲϬϦϥϴϿϺϩ϶ ϰϡϱϡϤϱϡϵϡ϶ ϥϡϦϳϲЀ ϥϦϳϡϬϽϮϯϦ ϯϰϩϲϡϮϩϦ ϹϡϤϯϣ ϰϯϲϳϱϯϦϮϩЀ
ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ�

ϏϢϻϦϥϩϮϦϮϩϦ ϱϦϰϬϩϫ ϥϩϡϬϯϤϯϣ ϣ Ϥϱϴϰϰϼ ώϡ ϣ϶ϯϥ ϰϯϥϡϦϳϲЀ ϥϩϡϬϯϤϯϣϼϪ ϫϯϱ�
ϰϴϲ ϩ ϰϱϯϩϲ϶ϯϥϩϳ ϩϳϦϱϡϷϩЀ ϰϯ ϣϲϦϭ ϱϦϰϬϩϫϡϭ ϣ ϥϩϡϬϯϤϡ϶ ϩ ϩ϶ ϯϢϻϦϥϩϮϦϮϩϦ ϣ
Ϥϱϴϰϰϼ ϰϯ ϹϡϤϡϭ� ϐϱϩϭϦϱ ϰϱϦϥϲϳϡϣϬϦϮ ϣ ϳϡϢϬ� ��

ϏϳϯϢϱϡϧϦϮϩϦ ϣ ϣϦϫϳϯϱϮϯϦ ϰϱϯϲϳϱϡϮϲϳϣϯ ϩ ϫϬϡϲϳϦϱϩϨϡϷϩЀ σ ϥϡϮϮϯϪ ϱϡϢϯ�
ϳϦ ϯϰϩϲϡϮϯ ϩϲϰϯϬϽϨϯϣϡϮϩϦ WI�LGI ϣ ϫϯϭϢϩϮϡϷϩϩ ϲ ϳϦϭϡϳϩϸϦϲϫϩϭ ϭϯϥϦϬϩϱϯϣϡϮϩϦϭ�

��



ϓϡϢϬϩϷϡ � ߞߞ ϐϱϩϭϦϱ ϯϢϻϦϥϩϮϦϮϩЀ ϣ Ϥϱϴϰϰϼ ϰϯ ϹϡϤϡϭ� ωϭЀ ϫϬϡϲϳϦϱϡ ϮϡϨϮϡϸϡϦϳϲЀ
ϫϡϫ ϲϬϴϸϡϪϮϡЀ ϱϦϰϬϩϫϡ ϩϨ Ϥϱϴϰϰϼ�

ϙϡϤ υϩϡϬ� � υϩϡϬ� � τϱϴϰϰϡ ώϡϨϣ�
� +L� +L� >+L�� +L�@ +L
� +HOOR� +L� >+HOOR�� +L�@ +L
� +RZ DUH \RX" +RZ \RX

GRLQJ"
>+RZ DUH
\RX"� +RZ
\RX GRLQJ"@

+RZ DUH \RX

� Pߤ, ILQH� WKDQNV� Pߤ, JRRG�
:KDW DERXW
\RX"

Pߤ,< ILQH�
WKDQNV� Pߤ,
JRRG� :KDW
DERXW \RX"@

Pߤ, ILQH�
WKDQNV

� � Pߤ, JRRG WRR�
WKDQNV�

Pߤ,< JRRG WRR�
WKDQNV�@

Pߤ, JRRG WRR�
WKDQNV

� � <RXߤUH
ZHOFRPH�

><RXߤUH
ZHOFRPH�@

<RXߤUH
ZHOFRPH

ϓϡϫϧϦ ϢϼϬϩ ϯϰϱϯϢϯϣϡϮϼ ϭϦϳϯϥϼ ϫϬϡϲϳϦϱϩϨϡϷϩϩ� ϮϦ ϳϱϦϢϴϿϺϩϦ ϨϡϱϡϮϦϦ ϨϡϥϡϣϡϳϽ
ϫϯϬϩϸϦϲϳϣϯ ϫϬϡϲϳϦϱϯϣ� ϳϡϫϩϦ ϫϡϫ '%6&$1� 237,&6� [�PHDQV� ϩ ϳϱϡϮϲϵϯϱϭϦϱ
%(57 ϣ ϫϡϸϦϲϳϣϦ ϾϮϫϯϥϦϱϡ ϰϱϦϥϬϯϧϦϮϩϪ� ώϡ Ϯϩ϶ ϫϬϡϲϳϦϱϡ ЀϣϮϯ ϮϦ ϣϼϥϦϬЀϬϩϲϽ�
ϬϩϢϯ ϫϬϡϲϳϦϱϡ ϢϼϬϩ ϹϴϭϮϼϭϩ� ωϲϰϯϬϽϨϯϣϡϮϩϦ ϴϮϩϣϦϱϲϡϬϽϮϯϤϯ ϾϮϫϯϥϦϱϡ ϰϱϦϥ�
ϬϯϧϦϮϩϪ ϣ ϫϯϭϢϩϮϡϷϩϩ ϲ ϭϦϳϯϥϯϭ N�ϲϱϦϥϮϩ϶ ϰϯϨϣϯϬϩϬϯ ЀϣϮϯ ϣϼϥϦϬϩϳϽ ϫϬϡϲϳϦϱϡ�
σ ϫϡϸϦϲϳϣϦ ϮϡϸϡϬϽϮϯϤϯ ϰϱϩϢϬϩϧϦϮϩЀ ϩϭϦϮϩ ϫϬϡϲϳϦϱϡ ϢϼϬϡ ϩϲϰϯϬϽϨϯϣϡϮϡ ϲϬϴϸϡϪ�
ϮϡЀ ϱϦϰϬϩϫϡ ϩϨ ϫϬϡϲϳϦϱϡ� ϓϡϫϯϪ ϰϯϥ϶ϯϥ ϯϤϱϡϮϩϸϩϣϡϬ ϩϮϵϯϱϭϡϳϩϣϮϯϲϳϽ ϮϡϨϣϡϮϩЀ
ϫϬϡϲϳϦϱϡ� ϰϯϾϳϯϭϴ ϰϱϩ϶ϯϥϩϬϯϲϽ ϰϱϯϲϭϡϳϱϩϣϡϳϽ ϮϦϲϫϯϬϽϫϯ ϱϦϰϬϩϫ ϩ ϰϱϩϥϴϭϼϣϡϳϽ
ϮϡϨϣϡϮϩϦ ϫϬϡϲϳϦϱϡ� Ϟϳϯϳ ϰϯϥ϶ϯϥ ϳϱϦϢϴϦϳ ϭϮϯϤϯ ϱϴϸϮϯϪ ϱϡϢϯϳϼ ϩ ϰϯϾϳϯϭϴ ϢϼϬϯ
ϰϱϩϮЀϳϯ ϱϦϹϦϮϩϦ ϯϳ ϮϦϤϯ ϯϳϫϡϨϡϳϽϲЀ�

ωϭϦϮϯϣϡϮϩϦ ϫϬϡϲϳϦϱϯϣ ώϡϨϮϡϸϦϮϩϦ ϩϭϦϮϩ ϫϬϡϲϳϦϱϡ ЀϣϬЀϦϳϲЀ ϮϦϯϢ϶ϯϥϩϭϼϭ
ϹϡϤϯϭ ϥϬЀ ϣϩϨϴϡϬϩϨϡϷϩϩ� υϬЀ ϭϦϳϯϥϡ N�ϲϱϦϥϮϩ϶ ϭϯϧϮϯ ϩϲϰϯϬϽϨϯϣϡϳϽ ϲϬϴϸϡϪ�
ϮϴϿ ϱϦϰϬϩϫϴ ϩϨ ϫϬϡϲϳϦϱϡ ϩϬϩ ϢϬϩϧϡϪϹϴϿ ϫ ϦϤϯ ϷϦϮϳϱϯϩϥϴ� ϐϱϩ ϩϲϰϯϬϽϨϯϣϡϮϩϩ
ϳϦϭϡϳϩϸϦϲϫϯϤϯ ϭϯϥϦϬϩϱϯϣϡϮϩЀ ϰϯЀϣϬЀϦϳϲЀ ϣϯϨϭϯϧϮϯϲϳϽ ϢϱϡϳϽ ϳϦϭϴ ߟ ϲϰϩϲϯϫ
ϮϡϩϢϯϬϦϦ ϣϦϱϯЀϳϮϼ϶ ϳϯϰ�N ϲϬϯϣ� ώϦϥϯϲϳϡϳϫϯϭ ϳϦϭϡϳϩϸϦϲϫϯϤϯ ϭϯϥϦϬϩϱϯϣϡϮϩЀ ϩ
ϭϦϳϯϥϡ N�ϲϱϦϥϮϩ϶ ЀϣϬЀϦϳϲЀ ϮϦϯϢ϶ϯϥϩϭϯϲϳϽ ϰϱϦϥϣϡϱϩϳϦϬϽϮϯϤϯ ϣϼϢϯϱϡ ϫϯϬϩϸϦϲϳϣϡ
ϫϬϡϲϳϦϱϯϣ ϩϬϩ ϳϦϭ k� ϋϯϱϰϴϲϡ� ϴ ϫϯϳϯϱϼ϶ ϮϡϢϯϱ ϥϯϭϦϮϯϣ ϨϡϱϡϮϦϦ ϩϨϣϦϲϳϦϮ �Ϯϡ�
ϰϱϩϭϦϱ ϥϬЀ 0XOWL:2= � � Ͼϳϯ ��� ϦϤϯ ϭϯϧϮϯ ϩϲϰϯϬϽϨϯϣϡϳϽ ϫϡϫ k� σϲϦϤϯ ϣ ϤϱϡϵϦ
�k ∗ L� ϣϦϱϹϩϮ� υϬЀ ϫϯϱϰϴϲϯϣ� ϤϥϦ ϮϡϢϯϱ ϥϯϭϦϮϯϣ ϮϦϩϨϣϦϲϳϦϮ� k ϭϯϧϮϯ ϴϲϳϡϮϯ�
ϣϩϳϽ ϾϭϰϩϱϩϸϦϲϫϩ� ϲ ϷϦϬϽϿ ϰϯϬϴϸϩϳϽ ϸϩϳϡϦϭϴϿ ϣϩϨϴϡϬϩϨϡϷϩϿ�

ϏϢϻϦϥϩϮϦϮϩϦ ϫϬϡϲϳϦϱϯϣ ϋϬϡϲϳϦϱϡ ϥϬЀ ϱϡϨϮϼ϶ ϹϡϤϯϣ ϭϯϤϴϳ ϢϼϳϽ ϰϯ϶ϯϧϩϭϩ�
ύϯϧϮϯ ϰϱϩϭϦϮЀϳϽ Ͼϣϱϩϲϳϩϫϴ ϥϬЀ ϯϢϻϦϥϩϮϦϮϩЀ ϳϡϫϩ϶ ϫϬϡϲϳϦϱϯϣ� ϫϯϤϥϡ ϩϲϰϯϬϽ�
ϨϴϦϳϲЀ ϳϦϭϡϳϩϸϦϲϫϯϦ ϭϯϥϦϬϩϱϯϣϡϮϩϦ� |ci \ cj | ≤ 1� ϤϥϦ ci ߟ ϲϰϩϲϯϫ ϮϡϩϢϯϬϦϦ

��



ϣϦϱϯЀϳϮϼ϶ ϳϯϰ�N ϲϬϯϣ ϫϬϡϲϳϦϱϡ i� σ ϲϬϴϸϡϦ ϩϲϰϯϬϽϨϯϣϡϮϩЀ N�ϲϱϦϥϮϩ϶� ϯϢϻϦϥϩϮϦ�
ϮϩϦ ϫϬϡϲϳϦϱϯϣ ϮϦ ϰϱϯϩϨϣϯϥϩϳϲЀ ϩϨ�Ϩϡ ϭϦ϶ϡϮϩϨϭϡ ϩϭϦϮϯϣϡϮϩЀ� ϯϰϩϲϡϮϮϯϤϯ ϣϼϹϦ�
ψϡϳϦϭ ϫϡϧϥϡЀ ϱϦϰϬϩϫϡ ϣ ϥϩϡϬϯϤϦ ϡϮϮϯϳϩϱϴϦϳϲЀ ϮϡϨϣϡϮϩϦϭ ϲϯϯϳϣϦϳϲϳϣϴϿϺϦϤϯ ϫϬϡ�
ϲϳϦϱϡ�

ωϨϣϬϦϸϦϮϩϦ ϳϱϯϦϫ ϐϯϲϬϦ ϡϮϮϯϳϡϷϩϩ ϣϲϦ϶ ϱϦϰϬϩϫ ϰϱϯϩϲ϶ϯϥϩϳ ϩϳϦϱϡϷϩЀ ϰϯ ϫϡϧ�
ϥϯϭϴ ϥϩϡϬϯϤϴ ϩ ϩϨϣϬϦϫϡϿϳϲЀ ϳϱϯϪϫϩ ϣϩϥϡ� <ϮϡϨϣϡϮϩϦ ϰϱϦϥϼϥϴϺϦϤϯ ϫϬϡϲϳϦϱϡ�
ϮϡϨϣϡϮϩϦ ϳϦϫϴϺϦϤϯ ϫϬϡϲϳϦϱϡ� ϫϯϬϩϸϦϲϳϣϯ ϳϡϫϩ϶ ϰϦϱϦ϶ϯϥϯϣ ϣ ϫϯϱϰϴϲϦ>� ωϭϦЀ ϳϡ�
ϫϩϦ ϳϱϯϪϫϩ� ϲϳϱϯϩϳϲЀ ϭϡϳϱϩϷϡ ϲϭϦϧϮϯϲϳϩ ϩ ϱϩϲϴϦϳϲЀ Ϥϱϡϵ�

ώϡ ϱϩϲ� � ϰϱϦϥϲϳϡϣϬϦϮ Ϥϱϡϵ� ϰϯϲϳϱϯϦϮϮϼϪ ϰϯ ϰϱϩϭϦϱϡϭ ϥϩϡϬϯϤϯϣ ϩϨ ϳϡϢϬ� ��

ϑϩϲϴϮϯϫ � ߞߞ ϐϱϩϭϦϱ Ϥϱϡϵϡ� ϘϩϲϬϯ ϣ ϲϫϯϢϫϡ϶ ߟ Ͼϳϯ ϹϡϤ ϥϩϡϬϯϤϡ� ϓϯϬϺϩϮϡ ϱϦϢϱϡ
ϯϰϱϦϥϦϬЀϦϳϲЀ ϫϯϬϩϸϦϲϳϣϯϭ ϳϡϫϩ϶ ϰϦϱϦ϶ϯϥϯϣ ϣ ϥϩϡϬϯϤϡ϶�

υϬЀ ϣϩϨϴϡϬϩϨϡϷϩϩ Ϥϱϡϵϡ ϢϼϬϡ ϩϲϰϯϬϽϨϯϣϡϮϡ ϰϱϯϤϱϡϭϭϡ *HSKL >��@�
υϬЀ ϳϦϭϡϳϩϸϦϲϫϯϤϯ ϭϯϥϦϬϩϱϯϣϡϮϩЀ ϢϼϬϡ ϩϲϰϯϬϽϨϯϣϡϮϡ ϢϩϢϬϩϯϳϦϫϡ

%LJ$570 >��@�
υϬЀ ϫϬϡϲϳϦϱϩϨϡϷϩϩ ϣϦϫϳϯϱϮϼ϶ ϰϱϦϥϲϳϡϣϬϦϮϩϪ� ϰϯϬϴϸϦϮϮϼ϶ ϲ ϰϯϭϯϺϽϿ

ϴϮϩϣϦϱϲϡϬϽϮϯϤϯ ϾϮϫϯϥϦϱϡ ϰϱϦϥϬϯϧϦϮϩϪ� ϢϼϬϡ ϩϲϰϯϬϽϨϯϣϡϮϡ ϯϳϫϱϼϳϡЀ ϢϩϢϬϩϯ�
ϳϦϫϡ 3\FOXVWHULQJ >��@� ϏϮϡ ϣϫϬϿϸϡϦϳ ϣ ϲϦϢЀ ϳϡϫϩϦ ϭϦϳϯϥϼ ϫϬϡϲϳϦϱϩϨϡϷϩϩ� ϫϡϫ
'%6&$1� 237,&6� [�PHDQV� ϭϦϳϯϥ N�ϲϱϦϥϮϩ϶ ϩ ϳ�ϰ�

ωϲ϶ϯϥϮϼϪ ϫϯϥ ϰϱϦϥϬϯϧϦϮϮϯϤϯ ϣ ϲϳϡϳϽϦ ϭϦϳϯϥϡ ϩϨϣϬϦϸϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡ�
ϵϡ ϣϼϬϯϧϦϮ ϰϯϥ ϯϳϫϱϼϳϯϪ ϬϩϷϦϮϨϩϦϪ 0,7 ϩ ϥϯϲϳϴϰϦϮ Ϯϡ *LW+XE���

��KWWSV���JLWKXE�FRP�VOG�GLDORJ�JUDSK�JHQHUDWLRQ�H[SHULPHQWV

��



ωϨϣϬϦϸϦϮϩϦ ϰϱϩϨϮϡϫϯϣ ϩϨ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ υϩϡϬϯϤϯϣϼϪ Ϥϱϡϵ ϳϡϫϧϦ ϭϯ�
ϧϦϳ ϢϼϳϽ ϩϲϳϯϸϮϩϫϯϭ ϰϯϬϦϨϮϼ϶ ϰϱϩϨϮϡϫϯϣ� ϫϯϳϯϱϼϦ Ϣϴϥϴϳ ϴϬϴϸϹϡϳϽ ϫϡϸϦϲϳϣϯ
Ϯϡ ϷϦϬϦϣϯϪ ϨϡϥϡϸϦ� υϬЀ ϩϲϰϯϬϽϨϯϣϡϮϩЀ ϥϩϡϬϯϤϯϣϼ϶ Ϥϱϡϵϯϣ Ϯϡ ϷϦϬϦϣϯϪ ϨϡϥϡϸϦ�
ϮϦϯϢ϶ϯϥϩϭϯ ϰϱϯϩϨϣϦϲϳϩ ϩϨϣϬϦϸϦϮϩϦ ϰϱϩϨϮϡϫϯϣ� ϯϳϯϢϱϡϨϩϣ Ϥϱϡϵ ϣ ϵϩϫϲϩϱϯϣϡϮϮϯϦ
ϣϦϫϳϯϱϮϯϦ ϰϱϦϥϲϳϡϣϬϦϮϩϦ� ϐϱϦϥϰϯϬϡϤϡЀ� ϸϳϯ ϥϩϡϬϯϤϯϣϼϪ Ϥϱϡϵ ϰϯ ϫϯϱϰϴϲϴ ϥϡϮ�
ϣϦϫϳϯϱϮϯϦ ϰϱϦϥϲϳϡϣϬϦϮϩϦ gi ϥϬЀ i−Ϥϯ ϹϡϤϡ ϥϩϡϬϯϤϡ ϢϴϥϦϳ ϲϳϱϯϩϳϽϲЀ ϲϬϦϥϴϿϺϩϭ
ϯϢϱϡϨϯϭ�

�� ϐϯϲϳϡϣϩϳϽ ϣ ϲϯϯϳϣϦϳϲϳϣϩϦ i�Ϫ ϱϦϰϬϩϫϦ ϦϦ ϫϬϡϲϳϦϱ ϩ ϲϯϯϳϣϦϳϲϳϣϴϿϺϴϿ
ϣϦϱϹϩϮϴ Ϥϱϡϵϡ�

�� ϐϱϦϯϢϱϡϨϯϣϡϳϽ ϣϦϱϹϩϮϴ Ϥϱϡϵϡ ϣ ϴϮϩϳϡϱϮϯϦ ϣϦϫϳϯϱϮϯϦ ϰϱϦϥϲϳϡϣϬϦϮϩϦ
�RQH�KRW HQFRGLQJ� ϲ ϥϬϩϮϯϪ ϱϡϣϮϯϪ ϫϯϬϩϸϦϲϳϣϴ ϣϦϱϹϩϮ Ng � ϤϥϦ ϰϯϨϩ�
ϷϩЀ ϦϥϩϮϩϷϼ ϲϸϩϳϡϦϳϲЀ ϫϡϫ ϮϯϭϦϱ ϲϯϯϳϣϦϳϲϳϣϴϿϺϦϪ ϣϦϱϹϩϮϼ Ϥϱϡϵϡ� ϡ
ϯϲϳϡϬϽϮϼϦ ϮϯϭϦϱϡ ϣϦϱϹϩϮ Ϣϴϥϴϳ ϮϴϬЀϭϩ�

ϓϡϫϩϭ ϯϢϱϡϨϯϭ ϴϮϩϳϡϱϮϯϦ ϰϱϦϥϲϳϡϣϬϦϮϩϦ ϯϰϩϲϼϣϡϦϳ ϯϰϱϦϥϦϬϦϮϮϴϿ ϣϦϱϹϩϮϴ ϣ
ϤϱϡϵϦ�

ρϱ϶ϩϳϦϫϳϴϱϡ ϣϩϥϡ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ ϲ ϰϱϩϨϮϡϫϡϭϩ
ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ ϐϱϩϨϮϡϫϩ� ϩϨϣϬϦϸϦϮϮϼϦ ϩϨ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ� ϢϼϬϩ ϰϱϯ�
ϳϦϲϳϩϱϯϣϡϮϼ ϣ ϨϡϥϡϸϦ ϤϦϮϦϱϡϷϩϩ ϱϦϰϬϩϫ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϯϪ� ψϡϥϡϸϡ ϢϼϬϡ
ϰϯϲϳϡϣϬϦϮϡ ϫϡϫ ϯϳϯϢϱϡϧϦϮϩϦ ϫϯϮϳϦϫϲϳϡ ϥϩϡϬϯϤϡ ϣ ϳϦϫϴϺϴϿ ϱϦϰϬϩϫϴ ϩ ϢϼϬϡ ϱϦϹϦ�
Ϯϡ ϲ ϩϲϰϯϬϽϨϯϣϡϮϩϦϭ ϡϱ϶ϩϳϦϫϳϴϱϼ ϣϩϥϡ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ
>��@ ϲ ϭϴϬϽϳϩϰϬϩϫϡϳϩϣϮϼϭ ϭϦ϶ϡϮϩϨϭϯϭ ϣϮϩϭϡϮϩЀ όϴϯϮϤϡ >��@� υϡϮϮϼϦ ϥϬЀ ϯϷϦϮ�
ϫϩ ϫϡϸϦϲϳϣϡ Ϩϡϥϡϸϩ ϢϼϬϩ ϣϨЀϳϼ ϩϨ ϲϯϯϳϣϦϳϲϳϣϴϿϺϦϪ ϥϯϱϯϧϫϩ ϰϯ ϤϦϮϦϱϡϷϩϩ
ϱϦϰϬϩϫ ϣ 0XOWL:2= � >��@� Ϗϳϳϴϥϡ ϧϦ ϢϼϬϡ ϣϨЀϳϡ ϢϡϨϯϣϡЀ ϭϯϥϦϬϽ� ϫϯϳϯϱϡЀ ϣ ϥϦ�
ϫϯϥϦϱϦ ϩϲϰϯϬϽϨϴϦϳ ϰϱϩϨϮϡϫϩ ϩϨ ϢϡϨϼ ϥϡϮϮϼ϶ ϣϯϨϭϯϧϮϼ϶ ϥϩϡϬϯϤϯϣϼ϶ ϾϬϦϭϦϮϳϯϣ
ϩ ϰϱϦϥϲϳϡϣϬϦϮϩϦ ϨϮϡϮϩϪ ϯ ϭϩϱϦ �EHOLHI VWDWH�� Ϟϳϩ ϥϡϮϮϼϦ ϩϥϴϳ ϣϭϦϲϳϦ ϲ ϥϩϡϬϯϤϯ�
ϣϼϭ ϫϯϱϰϴϲϯϭ 0XOWL:2= � ϩ ϰϯϨϣϯϬЀϿϳ ϣϯϲϰϱϯϩϨϣϦϲϳϩ ϯϷϦϮϫϴ ϫϡϸϦϲϳϣϡ ϢϡϨϯϣϯϪ
ϭϯϥϦϬϩ ϩϨ ϲϳϡϳϽϩ >��@� υϡϬϦϦ� ϰϱϦϥϬϯϧϦϮϮϡЀ ϡϱ϶ϩϳϦϫϳϴϱϡ ϢϼϬϡ ϴϬϴϸϹϦϮϡ� ϰϴϳϦϭ
ϨϡϭϦϮϼ ϲϬϴϸϡϪϮϯ ϩϮϩϷϩϡϬϩϨϩϱϯϣϡϮϮϼ϶ ϣϦϫϳϯϱϮϼ϶ ϰϱϦϥϲϳϡϣϬϦϮϩϪ ϲϬϯϣ� ϫϯϳϯϱϼϦ
ϰϯϲϳϴϰϡϿϳ ϣ ϾϮϫϯϥϦϱ ϩ ϥϦϫϯϥϦϱ Ϯϡ ϰϱϦϥϯϢϴϸϦϮϮϼϦ */R9H >��@�

ϐϱϩϨϮϡϫϩ� ϩϨϣϬϦϸϦϮϮϼ϶ ϩϨ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ ϲ ϰϯϭϯϺϽϿ ϭϦϳϯϥϡ ϯϰϩϲϡϮ�
ϮϯϤϯ ϣ ϱϡϨϥϦϬϦ "" ϢϼϬϩ ϥϯϢϡϣϬϦϮϼ ϣ ϮϡϸϡϬϽϮϯϦ ϲϯϲϳϯЀϮϩϦ ϥϦϫϯϥϦϱϡ ϰϯ ϡϮϡϬϯϤϩϩ
ϲ ϥϱϴϤϩϭϩ ϰϱϩϨϮϡϫϡϭϩ�

ϑϡϮϧϩϱϴϿϺϡЀ ϭϯϥϦϬϽ ϲ ϰϱϩϨϮϡϫϡϭϩ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ ϓϡϫϧϦ ϰϱϩϨϮϡϫϩ�
ϩϨϣϬϦϸϦϮϮϼϦ ϩϨ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ� ϢϼϬϩ ϰϱϯϳϦϲϳϩϱϯϣϡϮϼ ϣ ϨϡϥϡϸϦ ϣϼϢϯϱϡ ϱϦϰϬϩ�
ϫϩ ϥϩϡϬϯϤϯϣϯϪ ϲϩϲϳϦϭϯϪ� σ ϯϳϬϩϸϩϦ ϯϳ ϭϯϥϦϬϩ ϥϬЀ ϤϦϮϦϱϡϷϩϩ ϱϦϰϬϩϫ� Ͼϳϡ ϭϯϥϦϬϽ
ϯϷϦϮϩϣϡϦϳ ϫϡϧϥϴϿ ϱϦϰϬϩϫϴ ϩϨ ϲϰϩϲϫϡ ϫϡϮϥϩϥϡϳϯϣ ϣϭϦϲϳϦ ϲ ϫϯϮϳϦϫϲϳϯϭ ϥϩϡϬϯϤϡ�
ϑϦϰϬϩϫϡ ϲ ϭϡϫϲϩϭϡϬϽϮϯϪ ϯϷϦϮϫϯϪ ϩϲϰϯϬϽϨϴϦϳϲЀ ϫϡϫ ϯϳϣϦϳ ϲϩϲϳϦϭϼ� υϡϮϮϼϦ ϥϬЀ
ϯϷϦϮϫϩ ϫϡϸϦϲϳϣϡ Ϩϡϥϡϸϩ ϢϼϬϩ ϣϨЀϳϼ ϩϨ Ϩϡϥϡϸϩ � ϫϯϱϰϴϲϡ E$E, ����

σϦϫϳϯϱϮϼϦ ϰϱϦϥϲϳϡϣϬϦϮϩЀ ϭϯϧϮϯ ϯϢϴϸϡϳϽ ϮϡϰϱЀϭϴϿ ϥϬЀ ϰϯϥϲϸϦϳϡ ϴϣϦϱϦϮ�
Ϯϯϲϳϩ ϭϦϧϥϴ ϫϯϮϳϦϫϲϳϯϭ ϥϩϡϬϯϤϡ ϩ ϱϦϰϬϩϫϩ� ϏϢϼϸϮϯ ϣϦϫϳϯϱϮϼϦ ϰϱϦϥϲϳϡϣϬϦϮϩЀ
ϯϢϴϸϡϿϳ Ϯϡ ϳϦϫϲϳϡ϶ ϢϦϨ ϴϸϩϳϦϬЀ >��@� ϓϡϫϩϦ ϭϯϥϦϬϩ ϴϸϡϳϲЀ ϰϱϦϥϲϫϡϨϼϣϡϳϽ ϲϬϯϣϯ

��



ϑϩϲϴϮϯϫ � ߞߞ ρϱ϶ϩϳϦϫϳϴϱϡ ϳϩϰϡ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ ϣϭϦϲϳϦ
ϲ ϰϱϩϨϮϡϫϡϭϩ ϩϨ ϢϡϨϼ ϥϡϮϮϼ϶� ϲϯϲϳϯЀϮϩЀ ϯ ϭϩϱϦ ϩ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ� σ ϲϳϡϮϥϡϱϳ�
ϮϴϿ ϭϯϥϦϬϽ ϳϩϰϡ ϾϮϫϯϥϦϱ�ϥϦϫϯϥϦϱ ϲ ϭϦ϶ϡϮϩϨϭϯϭ ϣϮϩϭϡϮϩЀ ϥϯϢϡϣϬϦϮϼ ϰϱϩϨϮϡϫϩ
ϩϨ ϣϮϦϹϮϩ϶ ϩϲϳϯϸϮϩϫϯϣ� ϐϱϩϨϮϡϫϩ ϫϯϮϫϡϳϦϮϩϱϯϣϡϮϼ ϲ ϮϡϸϡϬϽϮϼϭ ϲϫϱϼϳϼϭ ϲϯ�

ϲϳϯЀϮϩϦϭ ϥϦϫϯϥϦϱϡ�

ϰϯ ϦϤϯ ϫϯϮϳϦϫϲϳϴ ϣ ϰϱϦϥϬϯϧϦϮϩϩ ϩ ϮϡϯϢϯϱϯϳ� ϏϥϮϡϫϯ� ϩϭϦЀ ϯϢϴϸϡϿϺϴϿ ϣϼϢϯϱϫϴ ϲ
ϥϩϡϬϯϤϡϭϩ ϭϯϧϮϯ ϯϢϴϸϡϳϽ ϳϡϫϩϦ ϰϱϦϥϲϳϡϣϬϦϮϩЀ ϢϯϬϦϦ ϾϵϵϦϫϳϩϣϮϯ� ϳ�Ϧ� ϰϱϦϥϲϫϡ�
ϨϼϣϡϳϽ ϲϬϦϥϴϿϺϴϿ ϱϦϰϬϩϫϴ ϰϯ ϰϱϦϥϼϥϴϺϦϭϴ ϫϯϮϳϦϫϲϳϴ� ωϭϦЀ ϱϦϰϬϩϫϴ�ϫϡϮϥϩϥϡϳ
y� ϫϯϮϳϦϫϲϳ x ϩ ϤϱϡϵϯϣϼϦ ϰϱϩϨϮϡϫϩ g ϲϸϩϳϡϦϳϲЀ ϵϴϮϫϷϩЀ ϴϣϦϱϦϮϮϯϲϳϩ f �

f(x,y,g) = ((Ax)ᵀ ⊕ (Cg)ᵀ)D)By,

A,B ∈ d× V,C ∈ dg × Vg, D ∈ d+ dg × d,

ϤϥϦ A,B,C � ϭϡϳϱϩϷϼ ϣϦϲϯϣ ϣϦϫϳϯϱϮϼ϶ ϰϱϦϥϲϳϡϣϬϦϮϩϪ ϲϬϯϣ ϩ Ϥϱϡϵϯϣϼ϶ ϰϱϩϨϮϡ�
ϫϯϣ� σϦϫϳϯϱϮϼϦ ϰϱϦϥϲϳϡϣϬϦϮϩЀ ϯϢϴϸϡϿϳϲЀ ϸϦϱϦϨ ϲϬϦϥϴϿϺϴϿ ϵϴϮϫϷϩϿ ϰϯϳϦϱϽ�

f(x, y) ≥ m+ f(x, y),

ϤϥϦ m � ϫϯϾϵϵϩϷϩϦϮϳ ϲϭϦϺϦϮϩЀ� y � ϮϦϤϡϳϩϣϮϼϦ ϫϡϮϥϩϥϡϳϼ ϱϦϰϬϩϫ� ϏϢϴϸϦϮϩϦ
ϰϱϯϩϨϣϯϥϩϳϲЀ ϭϦϳϯϥϯϭ ϲϳϯ϶ϡϲϳϩϸϦϲϫϯϤϯ ϤϱϡϥϩϦϮϳϮϯϤϯ ϲϰϴϲϫϡ >��@�

σ ϱϡϨϥϦϬϦ ��� ϯϰϩϲϡϮϼ ϩ ϯϢϲϴϧϥϦϮϼ ϰϯϬϴϸϦϮϮϼϦ ϥϩϡϬϯϤϯϣϼϦ Ϥϱϡϵϼ� ϓϡϫϧϦ
ϰϱϦϥϲϳϡϣϬϦϮ ϱϦϨϴϬϽϳϡϳ ϩϲϰϯϬϽϨϯϣϡϮϩЀ ϰϱϩϨϮϡϫϯϣ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ Ϯϡ ϷϦϬϦϣϼ϶
Ϩϡϥϡϸϡ϶�

ύϦϳϯϥ ϢϼϬ ϯϰϱϯϢϯϣϡϮ Ϯϡ ϸϦϳϼϱϦ϶ ϱϡϨϬϩϸϮϼ϶ ϫϯϱϰϴϲϡ϶ � &RQY$, � ERW������
&RQY$, �� E$E, ���� 0XOWL:2= �� τϱϡϵϼ ϰϯϲϳϱϯϦϮϮϼϦ ϰϯ Ͼϳϩϭ ϫϯϱϰϴϲϡϭ ϰϯϨ�
ϣϯϬЀϿϳ ϴϬϯϣϩϳϽ ϯϲϮϯϣϮϴϿ ϮϩϳϽ ϢϦϲϦϥϼ� ϶ϯϳЀ ϭϯϤϴϳ ϣϯϨϮϩϫϮϴϳϽ ϳϱϴϥϮϯϲϳϩ ϲ
ϩϮϳϦϱϰϱϦϳϡϷϩϦϪ ϩϭϦϮϩ ϣϦϱϹϩϮϼ� ϦϲϬϩ ϮϦϳ ϮϩϫϡϫϯϪ ϾϫϲϰϦϱϳϩϨϼ ϰϯ ϩϲϲϬϦϥϴϦϭϯ�
ϭϴ ϥϩϡϬϯϤϯϣϯϭϴ ϫϯϱϰϴϲϴ� σ ϭϴϬϽϳϩϥϯϭϦϮϮϯϭ ϫϯϱϰϴϲϦ 0XOWL:2= � ϯϳϯϢϱϡϧϦϮϼ

��



ϮϦϲϫϯϬϽϫϯ ϰϴϳϦϪ ϥϩϡϬϯϤϡ ϥϬЀ ϳϡϫϩ϶ ϥϯϭϦϮϯϣ ϫϡϫ� ϰϯϦϨϥ� ϳϡϫϲϩ� ϯϳϦϬϽ� ϱϦϲϳϯϱϡϮ ϩ
ϥϯϲϳϯϰϱϩϭϦϸϡϳϦϬϽϮϯϲϳϽ� ώϯ ϣ ϤϱϡϵϦ ЀϣϮϯ ϯϳϲϴϳϲϳϣϴϿϳ ϥϯϭϦϮϼ ϤϯϲϰϩϳϡϬЀ ϩ ϰϯϬϩ�
Ϸϩϩ� σϦϱϯЀϳϮϯ� ϰϱϩϸϩϮϯϪ ϾϳϯϤϯ ЀϣϬЀϦϳϲЀ ϮϦϲϢϡϬϡϮϲϩϱϯϣϡϮϮϯϲϳϽ ϾϳϯϤϯ ϫϯϱϰϴϲϡ� ϒ
ϥϱϴϤϯϪ ϲϳϯϱϯϮϼ ϣ ϫϯϱϰϴϲϡ϶ ϲϯ ϲϣϯϢϯϥϮϼϭ ϥϯϭϦϮϯϭ &RQY$, � ϩ � ϰϱϩϲϴϳϲϳϣϴϿϳ
ϹϴϭϮϼϦ ϣϦϱϹϩϮϼ� ϨϮϡϸϦϮϩЀ ϫϯϳϯϱϼ϶ ϮϦϣϯϨϭϯϧϮϯ ϯϥϮϯϨϮϡϸϮϯ ϩϮϳϦϱϰϱϦϳϩϱϯϣϡϳϽ�
σ ϫϯϱϰϴϲϦ ϲ ϷϦϬϦϯϱϩϦϮϳϩϱϯϣϡϮϮϼϭϩ ϥϩϡϬϯϤϡϭϩ ϰϯ ϯϥϮϯϭϴ ϥϯϭϦϮϴ E$E, ��� ϯϳ�
ϸϦϳϬϩϣϯ ϣϼϥϦϬϩϬϲЀ ϮϡϸϡϬϽϮϼϪ Ͼϳϡϰ ϥϩϡϬϯϤϡ ϲ ϰϱϩϣϦϳϲϳϣϩϦϭ� ϥϡϬϽϮϦϪϹϩϦ Ͼϳϡϰϼ
ϣϼϥϦϬϩϬϩϲϽ ϲϭϡϨϡϮϯ ϩ ϩ϶ ϳϱϴϥϮϯ ϯϥϮϯϨϮϡϸϮϯ ϩϮϳϦϱϰϱϦϳϩϱϯϣϡϳϽ ϮϦ ϩϭϦЀ ϨϮϡϮϩϪ
ϯ ϫϯϱϰϴϲϦ�

ϓϡϫϩϭ ϯϢϱϡϨϯϭ ϤϬϡϣϮϡЀ ϰϱϯϢϬϦϭϡ ϰϯϲϳϱϯϦϮϮϼ϶ Ϥϱϡϵϯϣ ϲ ϳϯϸϫϩ ϨϱϦϮϩЀ ϣϩ�
ϨϴϡϬϩϨϡϷϩϩ � Ͼϳϯ ϩϭϦϮϯϣϡϮϩϦ ϣϦϱϹϩϮ� ϏϥϩϮ ϩϨ ϫϱϩϳϦϱϩϦϣ ϯϷϦϮϫϩ ϳϦϭϡϳϩϸϦϲϫϩ϶
ϭϯϥϦϬϦϪ � Ͼϳϯ ϰϦϱϰϬϦϫϲϩЀ� ύϯϧϮϯ ϯϳϥϡϣϡϳϽ ϮϡϨϣϡϮϩЀ ϳϦϭ �ϣϭϦϲϳϦ ϲ ϫϯϮϳϦϫϲϳϡϭϩ
ϥϩϡϬϯϤϯϣ� ϩϨ ϭϯϥϦϬϦϪ ϲ ϮϩϨϫϯϪ ϰϦϱϰϬϦϫϲϩϦϪ Ϯϡ ϱϴϸϮϴϿ ϰϱϡϣϫϴ� ϫϡϫ ϥϦϬϡϿϳ ϡϣϳϯ�
ϱϼ *UDSK�%RWV >��@� ϸϳϯϢϼ ϰϯϬϴϸϩϳϽ ϢϯϬϦϦ ϫϡϸϦϲϳϣϦϮϮϼϦ ϮϡϨϣϡϮϩЀ ϣϦϱϹϩϮ�

ϑϦϨϴϬϽϳϡϳϼ ϰϱϯϣϦϥϦϮϮϼ϶ ϾϫϲϰϦϱϩϭϦϮϳϯϣ ϰϯϫϡϨϼϣϡϿϳ� ϸϳϯ ϥϩϡϬϯϤϯϣϼϪ Ϥϱϡϵ
ЀϣϬЀϦϳϲЀ ϩϲϳϯϸϮϩϫϯϭ ϰϯϬϦϨϮϼ϶ ϰϱϩϨϮϡϫϯϣ� ϫϯϳϯϱϼϦ ϴϬϴϸϹϡϿϳ ϫϡϸϦϲϳϣϯ Ϯϡ ϷϦ�
ϬϦϣϯϪ ϨϡϥϡϸϦ� σ ϫϡϸϦϲϳϣϦ ϰϯϥϳϣϦϱϧϥϦϮϩЀ ϫϯϮϷϦϰϷϩϩ� ϤϱϡϵϯϣϼϦ ϰϱϩϨϮϡϫϩ ϢϼϬϩ
ϩϮϳϦϤϱϩϱϯϣϡϮϼ ϣ ϭϯϥϦϬϽ ϳϩϰϡ ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ�ϰϯϲϬϦϥϯϣϡϳϦϬϽϮϯϲϳϽ ϩ ϴϬϴϸ�
ϹϦϮϯ ϫϡϸϦϲϳϣϯ ϣ ϨϡϥϡϸϦ ϤϦϮϦϱϡϷϩϩ ϱϦϰϬϩϫϩ ϰϯ ϥϩϡϬϯϤϯϣϯϭϴ ϫϯϮϳϦϫϲϳϴ Ϯϡ ϫϯϱϰϴϲϦ
0XOWL:2= �� ϋϱϯϭϦ 0XOWL:2=�� ϤϱϡϵϯϣϼϦ ϰϱϩϨϮϡϫϩ ϢϼϬϩ ϯϰϱϯϢϯϣϡϮϼ Ϯϡ ϥϡ�
ϳϡϲϦϳϦ E$E,� ϤϥϦ ϳϡϫϧϦ ϣϼϱϯϲϬϡ ϷϦϬϦϣϡЀ ϭϦϳϱϩϫϡ� ώϦϬϽϨЀ ϲϫϡϨϡϳϽ ϸϳϯ ϦϲϳϽ
ϨϡϣϩϲϩϭϯϲϳϽ ϭϦϧϥϴ ϴϬϴϸϹϦϮϩϦϭ ϫϡϸϦϲϳϣϡ ϩ ϣϩϨϴϡϬϩϨϡϷϩϦϪ� Ϯϯ ϣ ϥϡϬϽϮϦϪϹϦϪ ϱϡ�
ϢϯϳϦ ϲϬϦϥϴϦϳ ϱϡϲϲϭϯϳϱϦϳϽ ϣϯϨϭϯϧϮϯϲϳϽ ϯϥϮϯϣϱϦϭϦϮϮϯϤϯ ϱϦϹϦϮϩЀ ϯϢϦϩ϶ Ϩϡϥϡϸ ϣ
ϱϡϭϫϡ϶ ϭϴϬϽϳϩϨϡϥϡϸϮϯϪ ϰϡϱϡϥϩϤϭϼ ϯϢϴϸϦϮϩЀ �PXOWL�WDVN OHDUQLQJ� ϥϬЀ ϰϯϩϲϫϡ ϳϡ�
ϫϯϪ Ϩϡϣϩϲϩϭϯϲϳϩ�

σ ϨϡϫϬϿϸϦϮϩϩ ϰϱϩϣϦϥϦϮϼ ϯϲϮϯϣϮϼϦ ϱϦϨϴϬϽϳϡϳϼ ϱϡϢϯϳϼ� ϫϯϳϯϱϼϦ ϨϡϫϬϿ�
ϸϡϿϳϲЀ ϣ ϲϬϦϥϴϿϺϦϭ�

�� ϑϡϨϱϡϢϯϳϡϮ ϥϩϡϬϯϤϯϣϼϪ ϡϤϦϮϳ ϣϦϥϴϺϩϪ ϱϡϨϤϯϣϯϱ ϥϬЀ ϮϡϢϯϱϡ ϨϡϥϡϮϮϼ϶
ϳϦϭϡϳϩϫ� ϐϯϫϡϨϡϮϡ ϲϰϯϲϯϢϮϯϲϳϽ ϡϤϦϮϳϡ ϰϯϥϥϦϱϧϩϣϡϳϽ� ϫϡϫ ϫϯϮϳϦϫϲϳ ϣ
ϲϭϼϲϬϦ ϯϢϲϴϧϥϦϮϩЀ ϯϰϱϦϥϦϬϦϮϮϯϤϯ ϳϦϫϲϳϡ� ϳϡϫ ϩ ϫϯϮϳϦϫϲϳ ϣ ϲϭϼϲϬϦ Ϩϡ�
ϥϡϮϮϯϪ ϰϦϱϲϯϮϡϬϩϩ ϡϤϦϮϳϡ�

�� ϑϡϨϱϡϢϯϳϡϮ ϡϥϡϰϳϩϱϯϣϡϮϮϼϪ ϰϯϥ ϶ϯϬϯϥϮϼϪ ϲϳϡϱϳ ϥϩϡϬϯϤϯϣϼϪ ϭϦϮϦϥϧϦϱ�
υϬЀ ϦϤϯ ϱϡϢϯϳϼ ϳϱϦϢϴϿϳϲЀ ϳϯϬϽϫϯ ϥϡϮϮϼϦ� ϩϲϰϯϬϽϨϯϣϡϮϮϼϦ ϰϱϩ ϯϢϴϸϦ�
Ϯϩϩ ϭϯϥϦϬϦϪ ϥϬЀ Ϯϡϣϼϫϯϣ� ϬϩϢϯ ϮϦϲϫϯϬϽϫϯ ϳϩϰϯϣϼ϶ ϵϱϡϨ ϥϬЀ ϫϡϧϥϯϤϯ
Ϯϡϣϼϫϡ�

�� ϑϡϨϱϡϢϯϳϡϮ ϫϯϭϰϬϦϫϲ ϰϱϯϤϱϡϭϭ ϩ ϰϱϯϣϦϥϦϮϡ ϰϱϡϫϳϩϸϦϲϫϡЀ ϡϰϱϯϢϡϷϩЀ ϣ
ϱϡϭϫϡ϶ ϭϦϧϥϴϮϡϱϯϥϮϼ϶ ϡϫϡϥϦϭϩϸϦϲϫϩ϶ ϲϯϱϦϣϮϯϣϡϮϩϪ� ρϰϱϯϢϡϷϩЀ ϰϯϫϡ�
ϨϡϬϡ ϣϼϲϯϫϩϪ ϴϱϯϣϦϮϽ ϰϱϦϥϬϯϧϦϮϮϯϤϯ ϥϩϡϬϯϤϯϣϯϤϯ ϡϤϦϮϳϡ ϩ ϥϩϡϬϯϤϯϣϯϤϯ
ϭϦϮϦϥϧϦϱϡ ϰϯ ϲϱϡϣϮϦϮϩϿ ϲ ϡϬϽϳϦϱϮϡϳϩϣϮϼϭϩ ϱϦϹϦϮϩЀϭϩ�

�� ϐϱϯϡϮϡϬϩϨϩϱϯϣϡϮϼ ϥϩϡϬϯϤϩ� ϫϯϳϯϱϼϦ ϰϱϯϣϦϬϩ ϰϯϬϽϨϯϣϡϳϦϬϩ ϲ ϱϡϨϱϡϢϯ�
ϳϡϮϮϼϭ ϥϩϡϬϯϤϯϣϼϭ ϡϤϦϮϳϯϭ� ρϮϡϬϩϨ ϰϯϨϣϯϬЀϦϳ ϲϥϦϬϡϳϽ ϣϼϣϯϥϼ� ϸϳϯ
ϮϡϬϩϸϩϦ ϱϡϨϤϯϣϯϱϮϼ϶ Ϯϡϣϼϫϯϣ� ϫϯϳϯϱϼϦ ϣϼϥϡϿϳ ϱϡϨϮϯϯϢϱϡϨϮϼϦ ϩ ϫϡ�
ϸϦϲϳϣϦϮϮϼϦ ϱϦϰϬϩϫϩ� ϡ ϳϡϫϧϦ ϰϱϯϡϫϳϩϣϮϯϦ ϣϯϣϬϦϸϦϮϩϦ ϰϯϬϽϨϯϣϡϳϦϬЀ ϣ

��



ϢϦϲϦϥϴ� ϫϯϤϥϡ ϯϮ ϮϦ ϯϳϣϦϸϡϦϳ ϣ ϳϦϸϦϮϩϦ ϮϦϫϯϳϯϱϯϤϯ ϣϱϦϭϦϮϩ ϰϯϭϯϤϡϦϳ ϥϦ�
ϬϡϳϽ ϥϩϡϬϯϤ ϬϴϸϹϦ�

�� ϐϱϦϥϬϯϧϦϮ ϭϦϳϯϥ ϰϯϲϳϱϯϦϮϩЀ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ ϩϨ ϥϩϡϬϯϤϯϣϯϤϯ ϫϯϱ�
ϰϴϲϡ ϥϬЀ ϣϩϨϴϡϬϩϨϡϷϩϩ� ϐϱϦϥϬϯϧϦϮϮϼϪ ϭϦϳϯϥ ϰϱϩϭϦϮϩϭ ϥϬЀ ϫϯϱϰϴϲϯϣ
ϱϡϨϮϼ϶ ϱϡϨϭϦϱϯϣ ϩ ϥϯϭϦϮϮϼ϶ ϯϢϬϡϲϳϦϪ� ϋϱϯϭϦ ϣϩϨϴϡϬϩϨϡϷϩϩ ϥϩϡϬϯ�
ϤϯϣϼϪ Ϥϱϡϵ ЀϣϬЀϦϳϲЀ ϩϲϳϯϸϮϩϫϯϭ ϰϯϬϦϨϮϼ϶ ϰϱϩϨϮϡϫϯϣ� ϴϬϴϸϹϡϿϺϩ϶
ϫϡϸϦϲϳϣϯ ϱϦϹϦϮϩЀ ϷϦϬϦϣϯϪ Ϩϡϥϡϸϩ�

ϐϴϢϬϩϫϡϷϩϩ ϡϣϳϯϱϡ ϰϯ ϳϦϭϦ ϥϩϲϲϦϱϳϡϷϩϩ

$�� ϒϣϩϥϦϳϦϬϽϲϳϣϯ ϯ ϤϯϲϴϥϡϱϲϳϣϦϮϮϯϪ ϱϦϤϩϲϳϱϡϷϩϩ ϰϱϯϤϱϡϭϭϼ ϥϬЀ Ϟσύ
����ࠨ������ XWR)$4$ߧ � ϯϭϮϩϫϡϮϡϬϽϮϡЀ ϰϬϡϳϵϯϱϭϡ ϥϬЀ ϱϯϢϯϳϩϨϡϷϩϩ
ϰϯϥϥϦϱϧϫϩ ϫϬϩϦϮϳϯϣ ϩ ϲϯϳϱϴϥϮϩϫϯϣ ϲ ϰϯϭϯϺϽϿ ϣϯϰϱϯϲϮϯ�ϯϳϣϦϳϮϼ϶ ϩ ϥϩϡ�
ϬϯϤϯϣϼ϶ ϲϩϲϳϦϭߨ >ϓϦϫϲϳ@ � ω� ϕ� ϟϲϴϰϯϣ >ϩ ϥϱ�@ �� ϕϦϥϦϱϡϬϽϮϡЀ ϲϬϴϧϢϡ ϰϯ
ϩϮϳϦϬϬϦϫϳϴϡϬϽϮϯϪ ϲϯϢϲϳϣϦϮϮϯϲϳϩ� ߞߞ �����

$�� <XVXSRY� ,� 1,36 FRQYHUVDWLRQDO LQWHOOLJHQFH FKDOOHQJH ���� ZLQQHU V\VWHP�
6NLOO�EDVHG FRQYHUVDWLRQDO DJHQW ZLWK VXSHUYLVHG GLDORJ PDQDJHU >7H[W@ �
,� <XVXSRY� <� .XUDWRY �� 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ
&RPSXWDWLRQDO /LQJXLVWLFV� ߞߞ ����� ߞߞ 3� ���ߞߞ������

$�� '5($0 WHFKQLFDO UHSRUW IRU WKH $OH[D 3UL]H ���� >7H[W@ � <� .XUDWRY�
,� <XVXSRY� >HW DO�@ �� $OH[D 3UL]H 3URFHHGLQJV� ߞߞ �����

$�� ϟϲϴϰϯϣ�ω�ϐϯϲϳϱϯϦϮϩϦ ϩ ϩϲϰϯϬϽϨϯϣϡϮϩϦ ϥϩϡϬϯϤϯϣϯϤϯ Ϥϱϡϵϡ ϥϬЀ ϴϬϴϸϹϦϮϩЀ
ϯϷϦϮϫϩ ϫϡϸϦϲϳϣϡ ϣ ϷϦϬϦϮϡϰϱϡϣϬϦϮϮϯϭ ϥϩϡϬϯϤϦ >ϓϦϫϲϳ@ � ω� ϟϲϴϰϯϣ� ύ� ϓϱϯ�
ϵϩϭϯϣϡ� ύ� ςϴϱϷϦϣ �� ϓϱϴϥϼ ύϕϓω� ߞߞ ����� ߞߞ ϓ� �� ࠨ �� ߞߞ ϒ� ���ߞߞ��

ϒϰϩϲϯϫ ϬϩϳϦϱϡϳϴϱϼ

�� *DR� -� 1HXUDO DSSURDFKHV WR FRQYHUVDWLRQDO $, >ϓϦϫϲϳ@ � -� *DR� 0� *DOOH\�
/� /L �� 7KH ��VW ,QWHUQDWLRQDO $&0 6,*,5 &RQIHUHQFH RQ 5HVHDUFK 	
'HYHORSPHQW LQ ,QIRUPDWLRQ 5HWULHYDO� ߞߞ ����� ߞߞ ϒ� �����ߞߞ����

�� 7UDXP� '� 5� 7KH LQIRUPDWLRQ VWDWH DSSURDFK WR GLDORJXH PDQDJHPHQW >ϓϦϫϲϳ@ �
'� 5� 7UDXP� 6� /DUVVRQ �� &XUUHQW DQG QHZ GLUHFWLRQV LQ GLVFRXUVH DQG
GLDORJXH� ߞߞ 6SULQJHU� ����� ߞߞ ϒ� ����ߞߞ���

�� ύϩϳϱϦϮϩϮϡ� Ϗ� σ� ϐϱϩϫϬϡϥϮϡЀ ϩ ϫϯϭϰϽϿϳϦϱϮϡЀ ϬϩϮϤϣϩϲϳϩϫϡ >ϓϦϫϲϳ@ �
Ϗ� σ� ύϩϳϱϦϮϩϮϡ� ω� ϒ� ώϩϫϯϬϡϦϣ� ϓ� ύ� όϡϮϥϯ� ߞߞ �����

�� %/(8� D 0HWKRG IRU $XWRPDWLF (YDOXDWLRQ RI 0DFKLQH 7UDQVODWLRQ >ϓϦϫϲϳ@ �
.� 3DSLQHQL >ϩ ϥϱ�@ ��� ߞߞ ����� ߞߞ ϒ� ����ߞߞ���

�� 2Q WKH (YDOXDWLRQ RI 'LDORJXH 6\VWHPV ZLWK 1H[W 8WWHUDQFH &ODVVLILFDWLRQ
>ϓϦϫϲϳ@ � 5� /RZH >ϩ ϥϱ�@ �� &R55� ߞߞ ����� ߞߞ ϓ� DEV������������ ߞߞ DU;LY�
����������� ߞߞ 85/� KWWS���DU[LY�RUJ�DEV������������

��
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�� 7RZDUGV DQ $XWRPDWLF 7XULQJ 7HVW� /HDUQLQJ WR (YDOXDWH 'LDORJXH 5HVSRQVHV
>ϓϦϫϲϳ@ � 5� /RZH >ϩ ϥϱ�@ �� 3URFHHGLQJV RI WKH ��WK $QQXDO 0HHWLQJ RI
WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV �9ROXPH �� /RQJ 3DSHUV�� ߞߞ
9DQFRXYHU� &DQDGD� �������� ߞߞ ϒ� �����ߞߞ���� ߞߞ 85/� KWWS � � � DFOZHE �RUJ �
DQWKRORJ\�3��������

�� &RQYHUVDWLRQDO $,� 7KH 6FLHQFH %HKLQG WKH $OH[D 3UL]H >ϓϦϫϲϳ@ � $� 5DP
>ϩ ϥϱ�@ �� DU;LY SUHSULQW DU;LY������������ ߞߞ �����

�� &RQY$, 'DWDVHW RI 7RSLF�2ULHQWHG +XPDQ�WR�&KDWERW 'LDORJXHV >ϓϦϫϲϳ@ �
9� /RJDFKHYD >ϩ ϥϱ�@ �� 7KH ��ߤ1,36 &RPSHWLWLRQ� %XLOGLQJ ,QWHOOLJHQW
6\VWHPV� ߞߞ 6SULQJHU� ����� ߞߞ ϒ� ���ߞߞ��

�� 7KH 6HFRQG &RQYHUVDWLRQDO ,QWHOOLJHQFH &KDOOHQJH �&RQY$,�� >ϓϦϫϲϳ@ �
(� 'LQDQ >ϩ ϥϱ�@ �� DU;LY SUHSULQW DU;LY������������ ߞߞ �����

��� :DOODFH� 5� 6� 7KH DQDWRP\ RI $/,&( >ϓϦϫϲϳ@ � 5� 6� :DOODFH �� 3DUVLQJ WKH
7XULQJ 7HVW� ߞߞ 6SULQJHU� ����� ߞߞ ϒ� ����ߞߞ���

��� $ GHHS UHLQIRUFHPHQW OHDUQLQJ FKDWERW >ϓϦϫϲϳ@ � ,� 9� 6HUEDQ >ϩ ϥϱ�@ �� DU;LY
SUHSULQW DU;LY������������ ߞߞ �����

��� 7KH )LUVW &RQYHUVDWLRQDO ,QWHOOLJHQFH &KDOOHQJH >ϓϦϫϲϳ@ � 0� %XUWVHY >ϩ ϥϱ�@ ��
7KH ��ߤ1,36 &RPSHWLWLRQ� %XLOGLQJ ,QWHOOLJHQW 6\VWHPV� ߞߞ 6SULQJHU� ����� ߞߞ
ϒ� ���ߞߞ��

��� 2SHQQPW� 2SHQ�VRXUFH WRRONLW IRU QHXUDO PDFKLQH WUDQVODWLRQ >ϓϦϫϲϳ@ � *� .OHLQ
>ϩ ϥϱ�@ �� DU;LY SUHSULQW DU;LY������������ ߞߞ �����

��� .LQJPD� '� 3� $GDP� $ PHWKRG IRU VWRFKDVWLF RSWLPL]DWLRQ >ϓϦϫϲϳ@ �
'� 3� .LQJPD� -� %D �� DU;LY SUHSULQW DU;LY����������� ߞߞ �����

��� 7LHGHPDQQ� -� 1HZV IURP 2386�$ FROOHFWLRQ RI PXOWLOLQJXDO SDUDOOHO FRUSRUD
ZLWK WRROV DQG LQWHUIDFHV >ϓϦϫϲϳ@ � -� 7LHGHPDQQ �� 5HFHQW DGYDQFHV LQ QDWXUDO
ODQJXDJH SURFHVVLQJ� ϓ� �� ߞߞ ����� ߞߞ ϒ� ����ߞߞ���

��� 1HXUDO 4XHVWLRQ *HQHUDWLRQ IURP 7H[W� $ 3UHOLPLQDU\ 6WXG\ >ϓϦϫϲϳ@ � 4� =KRX
>ϩ ϥϱ�@ �� 1DWLRQDO &&) &RQIHUHQFH RQ 1DWXUDO /DQJXDJH 3URFHVVLQJ DQG
&KLQHVH &RPSXWLQJ� ߞߞ 6SULQJHU� ����� ߞߞ ϒ� ����ߞߞ���

��� 64X$'� �������� TXHVWLRQV IRU PDFKLQH FRPSUHKHQVLRQ RI WH[W >ϓϦϫϲϳ@ �
3� 5DMSXUNDU >ϩ ϥϱ�@ �� DU;LY SUHSULQW DU;LY������������ ߞߞ �����

��� 7KH 6WDQIRUG &RUH1/3 QDWXUDO ODQJXDJH SURFHVVLQJ WRRONLW >ϓϦϫϲϳ@ � &�0DQQLQJ
>ϩ ϥϱ�@ �� 3URFHHGLQJV RI ��QG DQQXDO PHHWLQJ RI WKH DVVRFLDWLRQ IRU
FRPSXWDWLRQDO OLQJXLVWLFV� V\VWHP GHPRQVWUDWLRQV� ߞߞ ����� ߞߞ ϒ� ���ߞߞ��

��� %LGLUHFWLRQDO DWWHQWLRQ IORZ IRU PDFKLQH FRPSUHKHQVLRQ >ϓϦϫϲϳ@ � 0� 6HR
>ϩ ϥϱ�@ �� DU;LY SUHSULQW DU;LY������������ ߞߞ �����

��� %LJDUWP� 2SHQ VRXUFH OLEUDU\ IRU UHJXODUL]HG PXOWLPRGDO WRSLF PRGHOLQJ RI
ODUJH FROOHFWLRQV >ϓϦϫϲϳ@ � .� 9RURQWVRY >ϩ ϥϱ�@ �� ,QWHUQDWLRQDO &RQIHUHQFH
RQ $QDO\VLV RI ,PDJHV� 6RFLDO 1HWZRUNV DQG 7H[WV� ߞߞ 6SULQJHU� ����� ߞߞ
ϒ� ����ߞߞ���

��
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